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1. Introduction
This paper summarizes the following email discussion
[103-e-NR-52-71-Channel-Access] Email discussion/approval on channel access mechanisms including aspects related to system level simulations until 11/3; address any remaining aspects by 11/11 – Jing (Qualcomm)


Summary of contributions and discussions
The section summarises key proposals and observations from submitted contributions.  
Channel bandwidth, nominal bandwidth, and LBT bandwidth
A few papers discussed the definition of channel bandwidth, nominal bandwidth and LBT bandwidth.
Nominal Bandwidth
	Company
	Key Proposals/Observations/Positions

	Huawei, HiSilicon
	Proposal 1: For operation in NR-U-60, multiple nominal channel BWs can be defined for a device as follows:
A)	Single carrier operation with K BWPs: K nominal channels are defined each with a BW equal to that of the corresponding BWP.
B)	CA with N non-contiguous CCs: N nominal channels are defined each with a BW equal to that of the corresponding CC.
C)	CA with M contiguous CCs: Defined nominal channels correspond to every contiguous subset of the M CCs where each nominal channel BW is equal to the sum of the BWs of the CCs in the corresponding subset.

	Ericsson
	Proposal 1	The nominal channel bandwidth should map to the channel bandwidths supported by the UE/gNB.

	
	OCB Requirements
Proposal 2: RAN1 shall further clarifies the OCB requirement as follows: For each declared nominal channel bandwidth, 
· If the channel is used for DL transmission, RAN1 design should support at least one DL physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth.
· If the channel is used for UL transmission, RAN1 design should support at least one UL physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth.
Proposal 3: RAN1 shall further clarifies that the “nominal channel bandwidth” in the OCB requirement refers to the channel bandwidths supported for each NR band, as defined in TS 38.101-X. 

	NTT Docomo
	Observation 1: There has been no clear definition in NR which is well relevant to the Nominal Channel Bandwidth defined in BRAN.
· Although a unit of bandwidth for channel access (or a RB set) may be considered as the NCB, the unit of bandwidth for channel access (and channel access mechanism itself) is not clear at this stage.

	Charter
	Proposal 1: No special consideration is necessary for nominal channel bandwidth in EN BRAN 302 567 and mapping to NR bandwidth definitions.



LBT Bandwidth
	Company
	Key Proposals/Observations/Positions

	Huawei, HiSilicon
	Proposal 2: For operation in the 60 GHz band, the LBT BW can be greater than the carrier BW. 
Proposal 3: For operation in NR-U-60, the EDT formula adopted from draft v2.1.20 of EN 302 567 as a baseline should be adjusted to account for an LBT BW other than 2 GHz.

	Apple
	Observation 2: The possibility of an CCA measurement bandwidth that is larger than the transmission bandwidth may require a change to the basic LBT mechanism.    

	CAICT
	Proposal 4: One mode that aligns with or comparable WiFi 11ad channels of 2.16GHz bandwidth could be supported by CA and multiple LBT bandwidth.
Proposal 5: Multiple LBT bandwidth could be considered for unlicensed band operation within 52.6-71GHz.


	
	



Channel bandwidth 
	Company
	Key Proposals/Observations/Positions

	Lenovo, Motorola Mobility
	Observation 5: For NR unlicensed bands between 52.6 GHz and 71 GHz, applicability of DFS based channel access schemes is dependent up on the channelization bandwidth and corresponding availability of number of such channels in different regions
Proposal 5: For NR unlicensed bands between 52.6 GHz and 71 GHz, for further consideration of DFS as a potential channel access mechanism, either the channelization bandwidths need to be agreed first or BWPs switching could be considered to be associated with DFS



	Nokia, Nokia Shanghai Bell
	Proposal 3: Channelization based on 2.16 GHz is assumed in the channel access mechanism design.  
Proposal 4: Transmissions with a (channel) bandwidth smaller than 2.16 GHz, such as 400 MHz, are also supported by the channel access mechanism design

	ZTE, Sanechips
	Proposal 2: The channel bandwidth supported by UE and defined in NR can be regarded as the nominal channel bandwidth. 
Proposal 3: If coexistence with Wi-Fi is considered, or the absence of Wi-Fi node cannot be guaranteed, the following options can be further studied:
· Option 1: Align the channelization of Rel-17 NR with Wi-Fi design at least in unlicensed band (e.g. 57 GHz - 71 GHz) and support 2.16 GHz channel bandwidth
· Option 2: No need to align the channelization of Rel-17 NR with Wi-Fi design. Study and evaluate how the coexistence is achieved between NR-U and Wi-Fi under different channel bandwidth. 

	Sonly
	Proposal 1: NR devices support 2.16 GHz bandwidth in 60GHz spectrum as one of nominal channel bandwidths.


	Apple
	Proposal 3: Channel Access Mechanisms for single-carrier and multi-carrier modes should be supported.
· When LBT is used, study channel access mechanisms assuming CCA on a bandwidth greater than the operating bandwidth
· Allow support for multi-carrier CCA where each carrier is smaller than the CCA bandwidth. 
· Allow support for single-carrier CCA which is smaller than the CCA bandwidth


	CAICT
	Proposal 4: One mode that aligns with or comparable WiFi 11ad channels of 2.16GHz bandwidth could be supported by CA and multiple LBT bandwidth.


	NTT Docomo
	Observation 7: Channel bandwidth and assignment for IEEE 802.11ad/ay may need to be considered for channel bandwidth and assignment for NR in 57 – 71 GHz




Heterogeneous Channel bandwidths
	Company
	Key Proposals/Observations/Positions

	Nokia, Nokia Shanghai Bell
	Proposal 9: Consider the need for LBT ensuring fairness between cells with different bandwidths while maintaining efficient spatial reuse between cells of same bandwidth

	Intel
	Proposal 7: When operating in unlicensed 60 GHz band, in order to allow fair coexistence among incumbent systems, the ED threshold calculation shall account not only for the maximum output power, but also at least for the bandwidth used.




Discussion
On the definition of nominal bandwidth, though it may not have any spec impact, but a common understanding of it may help clarify the OCB requirement
FL proposal: 
It is RAN1 understanding that nominal bandwidth is equivalent to channel bandwidth supported by UE or gNB as defined if 38.101.

During the online session, the language is updated to the following
Proposal:
· RAN1 understanding is that nominal bandwidths at the UE are the subset of UL channel BWs supported by the UE from the set of channel BWs (carrier) to be defined in 38.101.
· RAN1 understanding is that nominal bandwidths at the gNB is the subset of DL channel BWs supported by the gNB from the set of channel BWs (carrier) to be defined in 38.104.

Alternate Proposal:
· RAN1 understanding is that nominal bandwidths at the UE is the maximum UL channel BW supported by the UE.
· RAN1 understanding is that nominal bandwidths at the gNB is the maximum DL channel BW supported by the gNB.

Please provide additional comments.
	Company
	View

	Ericsson
	Agree to FL proposal. channel bandwidth which is equivalent to the carrier bandwidth from RAN1 perspective

	Huawei/HiSilicon
	We could be flexible about this and agree in principle with the majority to base the “nominal channel BW” on the “channel BW” defined in 38.101. However, assuming similar principles as in 38.101-1 for FR1 and 38.101-2 for FR2 are followed to define “channel BW” for FR-X, there are two points that need to be clarified:
1- 38.101 define UE channel BWs only and, unlike what FL proposal suggests, are quiet about the channel BWs at the gNB side. Based on our understanding, these nominal channel BWs are defined mainly for spurious energy test and, as such, it seems necessary that they are also defined at the gNB side. However, defining nominal channel BWs at the gNB side seems to be out of RAN1 scope and whether and how to define nominal channel BWs at the gNB seems to be in RAN4 scope. Sending an LS to RAN4 regrading this issue may be required.

2- Not all defined channel BWs in 38.101-1 for FR1 and 38.101-2 for FR2 for UEs are actually supported by the UE. UE’s actual supported channel BWs can be a subset of the defined channel BWs in 38.101 and can be reported in UE capability signalling in channelBWs-UL and channelBWs-DL. For the nominal channels at the UE side, only  channelBWs-UL wherein UE transmits are relevant. 
To summarize, we can propose the following:
Proposal:
· RAN1 understanding is that nominal bandwidths at the UE side are the UE’s subset of supported UL channel BWs from the set of defined channel BWs in 38.101.
· Send an LS to RAN4 requesting to define nominal channel BWs at the gNB side if necessary. 


	LG
	Agree to the FL proposal.

	Nokia, NSB
	Agree with the FL proposal. 

	vivo
	Our understanding is that nominal channel bandwidth should be equivalent to channel bandwidth supported by UE as defined by RAN#4. One UE can have multiple nominal channel bandwidths. If BWP is adopted, the bandwidth of each BWP equals to one of the nominal channel bandwidth.

	Futurewei
	Nominal channel bandwidth term is used in ETSI for two purpose: 1) to limit the spurious emission 2) to define OCB.
3GPP 38.101-1 defines the Channel related bandwidth as follows:
[image: ]
Figure 5.3.1-1: Definition of the channel bandwidth and the maximum transmission bandwidth configuration for one NR channel
Based on 38.101 language the Channel Bandwidth is equivalent to Nominal Channel Bandwidth. The OCB requirement should be interpreted (based on Figure 5.3.1-1) as the requirement on the Transmission Bandwidth with respect to Channel Bandwidth. 
For the multi-carrier operation, we should consider the nominal channel bandwidth as the aggregated channel bandwidth (38.101), which is the bandwidth for intra-band contiguous carrier aggregation.
Nevertheless, we think that these definitions and understandings should be used just as working assumptions and there is no need to be captured in the TR. If necessary, they can be later refined in RAN4.
    

	Charter Communications
	Fine with the alternate proposal

	Intel
	Our view is that at a given time the nominal channel bandwidths is the actual channel bandwidth used by the UE or the gNB for an UL or a DL transmission, respectively. When mapping this concept into the OCB requirement, when a device performs a transmission given that is configured to operate on a specific channel bandwidth, then at least 70% of that bandwidth should be used. 

	Qualcomm
	Agree with the first proposal. 

	CATT
	Nominal channel bandwidth is the UE or the gNB channel bandwidth.  In 38.101, it states

 “The UE channel bandwidth supports a single NR RF carrier in the uplink or downlink at the UE. From a BS perspective, different UE channel bandwidths may be supported within the same spectrum for transmitting to and receiving from UEs connected to the BS.”.   

The location of UE channel bandwidth could be flexible with the gNB channel bandwidth in 38.101

“The placement of the UE channel bandwidth for each UE carrier is flexible but can only be completely within the BS channel bandwidth.”


	NTT DOCOMO
	Given the conclusion on OCB requirement in the last e-meeting and since we understand that OCB requirement in 60 GHz is for the purpose of out of band emission testing, we are ok with the alternate proposal. 

	Samsung
	Support the following:
Proposal:
· RAN1 understanding is that nominal bandwidths at the UE are the subset of UL channel BWs supported by the UE from the set of channel BWs (carrier) to be defined in 38.101.
RAN1 understanding is that nominal bandwidths at the gNB is the subset of DL channel BWs supported by the gNB from the set of channel BWs (carrier) to be defined in 38.104.

	ZTE, Sanechips
	
If no considering coexistence with Wi-Fi, we tend to support the first proposal.
However, if considering coexistence with Wi-Fi, or the absence of Wi-Fi node cannot be guaranteed, and further, if the channel bandwidth supported by gNB or UE(that is, the nominal channel bandwidth) is different with that of defined in Wi-Fi, then seems it is necessary to further consider the following issue:
· Whether need to force the gNB and UE to support 2.16GHz, in order to ensure the friendly and fair coexistence with Wi-Fi.
· If gNB/UE can be allowed not to support 2.16GHz channel bandwidth, then need to consider whether to allow multiple NR channel bandwidth aggregation method to achieve the alignment with Wi-Fi supported channel bandwidth. For this case, whether each NR channel bandwidth (that is, each nominal channel bandwidth) of aggregated channel bandwidths should meet at least 70% OCB requirement, respectively.


	LG (2)
	We support the original proposal.

	Lenovo,
Motorola
Mobility
	We agree with the first proposal from FL

	Apple
	Based on the new proposals, the nominal BWs should be defined as the subset of UL channel BWs rather than the maximum UL channel BW supported by the UE i.e. a UE can have multiple nominal channel BWs. In the case that only the maximum channel BW is supported, the OCB definition will limit (a) narrowband transmission and (b) non-contiguous CA  

	NTT DOCOMO v25
	Actually we do not have any big objection to Alt 1. We just think that, since we understand that OCB requirement would be for the purpose of our of band emission testing, NCB is the maximum CBW would be sufficient. As we already concluded that only one mode to ensure OCB is sufficient, Alt 2 is also acceptable even if we consider OCB requirement for actual transmissions in our view. And Alt 2 seems simpler definition than Alt 1. But if majority is Alt 1, we can also support Alt 1. 

	Sony
	We support the first proposal.

	InterDigital
	We support the original proposal. 



Summary of discussion:
On nominal bandwidth definition for OCB requirement purpose:
· Alt 1: Ericsson, HW, LG, Nokia, Vivo, FW, Qualcomm, Intel, CATT, Samsung, ZTE, Lenovo, Apple, Sony, InterDigital
· RAN1 understanding is that nominal bandwidths at the UE are the subset of UL channel BWs supported by the UE from the set of channel BWs (carrier) to be defined in 38.101.
· RAN1 understanding is that nominal bandwidths at the gNB is the subset of DL channel BWs supported by the gNB from the set of channel BWs (carrier) to be defined in 38.104.
· Alt 2: Charter, DCM
· RAN1 understanding is that nominal bandwidths at the UE is the maximum UL channel BW supported by the UE.
· RAN1 understanding is that nominal bandwidths at the gNB is the maximum DL channel BW supported by the gNB.


Discussion point:
Naturally we will support LBT bandwidth equal to channel bandwidth. Shall we further support 
· LBT bandwidth narrower than the channel bandwidth 
· LBT bandwidth wider than the channel bandwidth
	Company
	View

	Ericsson
	In our view, the LBT bandwidth is the minimum of the channel bandwidth and the transmission bandwidth. 

	Huawei/HiSilicon
	In our view, two issues need to be clarified first: 
1- Based on our reading of t-docs of different sources, we think it is necessary to clarify what we mean by “channel BW” here. Do we mean “transmission BW” (e.g., set of PRBs occupied by PDSCH or set of PRBs occupied by PUSCH) or the set of “UE channel BW” that are going to be defined in 38.101, or the “carrier BW” that is configured to the UE?
2- gNB may perform FDM transmission to multiple UEs. However, FDM transmission from a UE to two gNBs (in scenarios such as DAPS-HO) seems to be unlikely. Therefore, LBT bandwidth at the gNB side and the UE side may need to have two different treatments.   
Considering the above two issues, we believe that LBT BW should be wider than the transmission BW and can be wider than the channel BW (as defined in 38.101) and carrier/cell BW (as configured to the UE). The reason for LBT BW being larger than transmission BW is clear. In our view, LBT BW can also be wider than the carrier BW and UE channel BW in the case of CA and when gNB serves multiple UEs in the FDM manner. In such scenarios, having a LBT BW larger than carrier BW/UE channel BW facilitates a single LBT mechanism instead of having multiple LBT mechanisms running in parallel in the frequency domain. 

	LG
	We think that the LBT bandwidth can be configured based on the UE capability or by the gNB. Therefore, it can be larger than channel bandwidth or smaller than the channel bandwidth.

	Nokia, NSB
	We agree with the Ericsson proposal at least as the baseline. 

	vivo
	Our preference is to have the LBT bandwidth equal to the bandwidth of BWP or the nominal channel bandwidth.

	Futurewei
	The answer to this question depends on the channel bandwidth definition. In the context of LBT we propose to define the channel bandwidth as the maximum channel bandwidth which is discussed in 8.2.1. and to agree that this is a supported LBT bandwidth.
The question of “LBT bandwidth wider than the channel bandwidth” can be interpreted as LBT necessary for multi-channel access operation as defined in the TS37.213, Section 4.1.6. In this case, the LBT should be done per each channel, and the multi-channel operation from TS 37.213 may be used as reference design.   
For the question of “LBT bandwidth narrower than the channel bandwidth” we prefer to leave it for FFS.

	Intel
	We agree that the LBT bandwidth should be decoupled with the channel bandwidth. However, whether the LBT bandwidth would be wider or narrower than the channel bandwidth depends on the specific channelization and maximum channel bandwidth supported, especially for carrier aggregation cases, where performing an LBT measurement for each carrier, rather than a single wideband measurement may be beneficial from a channel access perspective, allowing a device to perform a transmission even when a carrier is particularly congested. Therefore, we prefer to make a conclusion on this topic only after the supported channelization would be better understood.

	Qualcomm
	From RAN1 perspective, LBT bandwidth can be BWP bandwidth.  Other alternative, such as associating LBT bandwidth with transmission bandwidth, may have further subtleties that require further clarity and have added complications. For example, it may mean that when the gNB transmission or the UE’s transmission resource allocation changes, the LBT bandwidth and the LBT procedure may have to change.    
Further, we believe that LBT bandwidth wider than channel bandwidth is not necessary for gNB or UE, - any sensing done outside of channel bandwidth should not have a bearing on success or failure of channel access. 


	CATT
	LBT is used to mitigate the potential co-channel interference.  Thus, the LBT BW should be the channel BW used for transmission.  For UE transmission, UE channel BW is the subset of the gNB channel BW.  Thus, LBT BW for gNB could be narrower than its channel BW (gNB channel BW is wider than UE channel BW).  

	NTT DOCOMO
	We think that LBT bandwidth should basically be the one used for transmission. At the same time, it is a bit unclear for us if quite unmatched LBT BW among devices can be allowed or work well. In this sense, we are ok with supporting the 1st bullet while further study would be necessary. 

	Samsung
	More discussion seems needed. At least we need to clarify the benefit of supporting a LBT bandwidth different from channel bandwidth. 

	ZTE, Sanechips
	In our view, at least the LBT bandwidth should be the minimum and supported channel bandwidth, not transmission bandwidth. Due to transmission bandwidth has no consider guardband on both sides of channel bandwidth.

	Lenovo,
Motorola
Mobility
	We agree with Ericsson’s suggested proposal

	Apple
	We should allow for the case where the LBT bandwidth is wider than the channel BW. This allows a scenario in which a UE with a smaller channel BW can fairly compete with a UE/STA with a larger channel BW e.g. to perform an LBT to match a 2.16 GHz channel. It also allows for the scenario in which the UE operates in a CA mode. 



After additional online discussion, the next two possible conclusion remains.
Possible Conclusion 1:
It is assumed that at least one transmission of a signal/channel that meets the OCB requirement defined in BRAN should be supported.

Possible Conclusion 2:
· It is assumed that nominal bandwidths for the purpose of OCB requirements at the UE are the channel BWs for transmission supported by the UE from the set of channel BWs (carrier BWs) to be defined in 38.101.
· It is assumed that nominal bandwidths for the purpose of OCB requirements at the gNB are the channel BWs for transmission supported by the gNB from the set of channel BWs (carrier BWs) to be defined in 38.104.

Possible conclusion 2 was extensively discussed in the online session without consensus. May not worth time discussing it anymore. Please comment on if Possible Conclusion 1 is acceptable. This essentially mean we don’t define nominal bandwidth in 3GPP spec, and it is gNB/UE implementation to support the capability to generate a waveform to pass the test.

Please provide additional view
	Company
	View

	NTT DOCOMO
	Support Possible Conclusion 1. 

	LG
	If the current nominal channel bandwidth definition is difficult to reach consensus, we can accept Possible Conclusion 1 to support this through implementation.

	Ericsson
	How is that different from the already existing conclusion: 
Conclusion:
The OCB requirement of draft version v2.1.20 of EN 302 567 implies that 
· Device supports one or multiple declared nominal channel bandwidths. 
· For each declared nominal channel bandwidth, RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth. 
· FFS: Mapping of nominal channel bandwidth to bandwidth definitions in NR.

We do not see the need for a new conclusion.

	Lenovo/Motorola Mobility
	We agree with Ericsson’s views on proposed conclusion 1 that it is not really different than the conclusion from last meeting. We suggest following update to conclusion 1:
Nominal bandwidth is not specified in 3GPP spec and it is gNB/UE implementation that at least one transmission mode is supported that meets the OCB requirement defined in BRAN.

Otherwise, we are also okay to support conclusion 2.


	Nokia, NSB
	We share the same view as Ericsson. It seems the agreement from 102e is already enough.. 

	Samsung
	We tend to agree that there is no further information provided by conclusion 1 comparing to last meeting’s conclusion. Furthermore, we would like to clarify the OCB should be satisfied for each transmitter, i.e., when a nominal bandwidth is utilized for both gNB and UE, then at least one DL and UL signal/channel should satisfy OCB. 

	Huawei/HiSilicon
	Possible Conclusion 1 seems to be an acceptable compromise at this point as long as it is agreed that “nominal BW” is not supported in 3GPP and, as such, no other to-be-defined bandwidth (e.g., LBT bandwidth) is attempted to be tied to “nominal BW” in other discussion points.
Lenovo/Motorola Mobility’s suggestion is also acceptable for us.





Summary of discussion:
On the LBT bandwidth relative to channel bandwidth (as defined in RAN4), the following has been captured
· Alt 1: LBT bandwidth equals channel bandwidth
· Alt 2: Min of channel bandwidth and the transmission bandwidth
· Alt 3: LBT bandwidth can be wider than channel bandwidth
· Alt 3.1. For CA purpose, where LBT bandwidth is the total bandwidth across multiple CCs
· Alt 3.2. For coexistence purpose, where LBT bandwidth is common across nodes configured with different channel bandwidth and center frequency within the LBT bandwidth
· Alt 4: LBT bandwidth can be narrower than the channel bandwidth, with multiple LBT subband within a channel

Please provide additional views below:
	Company
	View

	NTT DOCOMO
	The intention of our comment above was Alt 1 and Alt 3. As the summary above just says “the following has been captured” and our view is surely captured, we are ok with the summary itself. 
We think Alt 2 would be an extreme case of Alt 4, which we think could be ok from transmitter’s perspective. On the other hand, LBT BW can be the same as transmission BW would mean LBT BW itself could be varied dynamically. We are not sure if such dynamic LBT BW could be ok or not from system perspective. For example, if we follow the current BRAN requirement on ED threshold which doesn’t consider BW, then LBT BW for wider BW transmission and narrower BW transmission could be much different, and such the results of such LBT for each transmission could be unfair. If we go with the Alt 2, we think further consideration on ED threshold may be necessary (but such direction would also be ok for us). 

	OPPO
	Support Alt-4. LBT bandwidth can be narrower than or equal to the channel bandwidth.

	Xiaomi
	Agree with Alt1. And we also understand that LBT bandwidth is nominal bandwidth.

	LG
	We think that the LBT bandwidth can be configured based on the UE capability or by the gNB. Therefore, it can be larger than channel bandwidth or smaller than the configured channel bandwidth.

	Spreadtrum
	Support Alt-1. From coexistence point of view, the LBT bandwidth should be equal to channel bandwidth.

	ZTE, Sanechips
	
In our view, we tend to support Alt.4 that LBT bandwidth can be narrower than the channel bandwidth. Only if the supported channel bandwidth is equal to the defined LBT bandwidth, we can agree Alt.1.
For the configured channel bandwidth is relatively large, according to the definition of LBT bandwidth for Alt1, then the device needs to perform a wide LBT operation on such large channel bandwidth, which can reduce the probability of the channel access and cause some unnecessary waste of resources. In contrast, it will be more suitable to define the LBT bandwidth smaller than the channel bandwidth, that is, support Alt4.

In CA scenario, LBT bandwidth can be narrower than each CC of multiple CCs according to the definition of LBT bandwidth of Alt.4.
For coexistence with Wi-Fi, if the channel bandwidth defined in NR is different with that of Wi-Fi, then we can consider multiple channel bandwidths aggregation method to achieve the alignment with Wi-Fi supported channel bandwidth. For this case, Alt.4 is still available.


	Lenovo, Motorola 
Mobility
	We are okay to capture the above alternatives

	Apple
	We agree with Docomo on Alt 1 and Alt 3.

	vivo
	In our understanding, RAN4 will define the supported channel bandwidth for UE. Different UE may have different capability to support a subset of the above channel bandwidth, which could be considered as nominal channel bandwidth declared by this UE. Besides, this subset of supported channel bandwidth will be reported to gNB by UE capability bits. Then gNB could only configure the reported channel bandwidth as BWP bandwidth. So from UE side, LBT bandwidth is the UL BWP bandwidth. 
From gNB side, LBT bandwidth could be equal or less than the channel bandwidth.

	Sony
	We support Alt 1, 3, and 4. We think LBT bandwidth can be wider than channel bandwidth in order to support LBT in CA.

	Convida Wireless
	We could consider the case when LBT wider than the carrier BW and/or UE channel BW in the case of CA. We could consider Alt 3 and are open for other alternatives.

	Lenovo,Motorola Mobility(2)
	For down-selection, we are okay to support Alt. 3 and Alt. 4. 
Alt. 1 and Alt.2 are quite restrictive and such restrictions are not really required

	InterDigital
	We are fine to capture the alternatives. 

	Nokia, NSB
	Alt 1 should naturally be supported. Additionally, Alt 3 and Alt4 can be considered. However, the definition of channel bandwidth should be clarified first.

	Samsung
	At least Alt 1 should be supported as baseline, and for other alternatives, maybe a more practical way is to list their benefits and carry over to WI phase. 

	Huawei/HiSilicon
	
In our view, LBT BW should be flexible and can be at least equal to the total Tx BW, that is, the total aggregated bandwidth of DL CA or UL CA or the total aggregated bandwidth of DL FDM transmissions to possibly multiple UEs. This facilitates, for instance, performing only one LBT for the whole Tx BW instead of multiple parallel LBTs for each CC; resulting in reduced complexity and energy consumption. 
Therefore, Alt1, Alt2, and Alt4 are not acceptable choices for us. 
Alt3 seems to be a reasonable starting point for the discussion. However, the purpose of Alt 3.1 and Alt 3.2 should be clarified: Are they meant to further narrow down the applicability of Alt 3 or they are merely examples for when Alt 3 can be applied? In any case, we do not see Alt 3.2 as a reasonable usage of Alt 3. A more reasonable choice to account for the co-existence of nodes with different BWs is to adjust the measured energy/EDT to take into account LBT BW and not to artificially increase the LBT bandwidth of a node with a lower channel BW to match with the LBT bandwidth of the node with a larger channel BW. How such a solution can even be supported in practice if the node with a smaller channel BW does not support the BW of the node with the larger channel BW?

Finally, we would like to emphasize that, in Alt3, LBT BW can be wider than the channel BW NOT must be wider than the channel BW. 




Discussion point:
Shall we support one mode to align the channelization between 11ad/ay and NR in 60GHz band
	Company
	View

	Ericsson
	No. Actually it is not clear what is meant by align the channelization, is it about (1) mandating same channel bandwidth (2.16 GHz) or only about (2) making sure that the NR channels is fully contained within .11ad channel and crosses the channel boundary  ?

If its about (1) this is not the correct place to discuss this. The maximum carrier bandwith is discussed in the other email thread. And if it is about (2): 
In our contribution (R1-2007982), we have provided an extensive analysis about the drawback of aligning the channelization with .11ad. 
The main drawbacks are: 
1- extensive evaluation results from different companies shows there are no coexistence issues even without deploying LBT 
2- If NR adopts the same channelization design as IEEE 802.11ad/ay, large wastage of spectrum would occur in many regions: 
· 240 MHz at the lower edge of the band is unused in all regions
· 800 MHz at the upper edge of the band is unused in USA and Europe
· 680 MHz of the 5 GHz allocation in China is unused
· In recognizing the need to have at least three channels for cell planning, IEEE 802.11aj standard defined four 1.08 GHz channels nested within the two 2.16 GHz channels for the 60 GHz band in China. As a result, the spectrum wastage issues are left unaddressed in the 802.11aj channelization.
· 280 MHz of the 7 GHz allocation in Canada/Brazil/Mexico is unused
· In the IMT (licensed) allocation in Europe, one out of the 2 available 2.16 GHz channels is unusable since it extends outside the IMT allocation
3- If .11ad channelization is used, only 2 non-overlapping 2.16 GHz channels are available, and 680 MHz would be wasted. Instead, NR can divide the 5GHz allocation into 3 non-overlapping 1.6 GHz nominal channels which (1) increase the number of available channels, and (2) full use of the allocation.  
4- the 802.11ad standard itself supports partially overlapping channels for channel bandwidths >2.16 GHz
5- In R1-2007982, we demonstrate that misaligned channels do not create a coexistence problem either. We evaluated Coexistence scenario between two operators (a) both operators use aligned 2 GHz channels, and (b) Operator #2 uses three 1.6 GHz channels misaligned with the two 2 GHz channels used by Operator #1. We show that misaligned channels do not cause any coexistence issue. 



	Huawei/HiSilicon
	We think it is better to first to clarify what we mean by aligning the channelization to 11 ad/ay. In our view two choices may be considered :
1-  Supporting a 2.16 GHz single channel BW with the centre frequency located at one of the 6 locations {58.32, 60.48, 62.64, 64.80, 66.96, 69.12} GHz. 
2- Supporting multiple channels with a smaller BWs nested inside one 2.16 GHz BW channel with a centre frequency located at one of the 6 locations {58.32, 60.48, 62.64, 64.80, 66.96, 69.12} GHz. 
If the intention is 1 above, then this discussion needs to be made in another Email thread concerning 8.2.1 as it is directly related to the maximum supported channel BW. In any case, even if a 2.16 GHz single channel BW is agreed, we do not see such an alignment results in a noticeable inter-RAT interference reduction.
If the intention is 2 above, although we are in general supportive of the idea of having a few smaller BWs to cover a 2.16 GHz BW (using CA), we do not see such an alignment results in a noticeable inter-RAT interference reduction.

	LG
	No. Since, the regional regulatory does not mandate supporting the same bandwidth as in 802.11ad/ay, aligning the channelization with 11ad/ay cannot be justified. If performance requirements (such as BLER, system throughput, coexistence) can be met in a reasonable range, we think CA based approach could be sufficient to coexist with 11ad/ay.

	Nokia, NSB
	If aligning the channelization with 11ad/ay means that we support at least one mode where no NR-U channel overlaps with two 2.16 GHz 11ad/ay channels, we are ok. Note that this still allows for using for NR-U parts of the spectrum that 11ad/ay is currently not utilizing.
However, the exact channelization must obviously take into account the supported subcarrier spacings and channel bandwidths, and may need to be discussed jointly with AI 8.2.1.  

	vivo
	Not clear about what does it mean by align the channelization of 11ad/ay. 

If the intention is to have the exact same channel bandwidth and bonding as in 11ad/ay, we don’t think that’s necessary.
If the intention is to support large bandwidth similar to the channel bandwidth used in 11ad/ay, we are supportive. 

	Futurewei
	The alignment of the channelization with 802.11ad/ay is not necessary. Whereby alignment we understand the same exact channel bandwidth as 802.11ad/ay (2.16GHz).  Channel bandwidth of about same bandwidth as 802.11ad, for instance 2GHz, may be obtained through CA.

	Charter Communications
	We support defining large carrier bandwidths that allow a NR cell to operate with the same bandwidth (or greater) than an 802.11ad/ay system. This is motivated by a technology equivalence perspective, and does not necessitate the exact same channelization.

	Intel
	We believe that in order to maintain competitiveness and coexistence with 11ad/11ay design, we should indeed support a bandwidth equal or similar to that supported by 11ad (~2.16 GHz). In terms of alignment, we would like to clarify that channelization should be done such that a single NR carrier bandwidth do not straddle one or more boundaries of 2.16 GHz channelization. In our opinion, this is as critical as selection of the bandwidths for NR.
As for whether this should be achieved through a single carrier or through CA, our preference is the former. The main reason is that having multiple CCs lead to increased complexity in building a proper RF subsystem, since multiple filtering is likely required, compared to the case when a single wideband RF is used, which is equipped with a single wider FFT. The uplink transmissions become more simplified with use of a single carrier versus multiple carriers for ~2 GHz band operation. Additionally, by supporting a wider single carrier bandwidth close to 2 GHz allows the possibility to use CA to bond even more 2 GHz channels to achieve a higher aggregate bandwidth.

	Qualcomm
	Yes.   (Note that the proposal  is not to enforce a channelization aligned to 11ad/11ay numerology but to permit operation – if desired – under a channelization aligned as proposed.).  

	CATT
	It is not necessary to align the NR channels with 802.11 ad/ay.  The key aspect of the NR operation in 52.6 – 71 GHz is to align the channelization, numerology, and configuration (e.g., raster) with existing NR specifications.  

	NTT DOCOMO
	As pointed out by E/// and HW, whether to support 2.16 GHz channel BW will be discussed in another email thread. On whether to make sure any NR 60 GHz channel is nested inside a 11ad/ay channel, its necessity is questionable to us. 

	Samsung
	Yes, 3GPP should provide the feasibility to support the same channelization as 11ad/ay, although, obviously, we should also provide more flexible channelization other than that. 

	ZTE, Sanechips
	Firstly, our understanding is this issue can be discussed in A.I. 8.2.1.
Then, if the absence of Wi-Fi node cannot be guaranteed, the following methods can be considered:
· Option1: Align the channelization of Rel-17 NR with Wi-Fi design at least in unlicensed band (e.g. 57 GHz – 71 GHz) and support 2.16 GHz channel bandwidth
· Option2: No need to align the channelization of Rel-17 NR with Wi-Fi design, and allow to support 400/800/1600MHz bandwidth, and combining 2.16GHz by  the aggregation of supported 400/800/1600MHz bandwidth(s).


	Lenovo,
Motorola
Mobility
	Yes, we think that one mode should be supported to align the channelization between 11ad/ay and NR-U in 60GHz

	Apple
	Our understanding of alignment with a 2.16 GHz channel is that we may support multiple channels nested within a 2.16 GHz channel with the condition that they do not staddle the 802.11ad/ay 2.16 GHz channel boundaries. Actual channel BW can be less than or equal to 2.16 GHz. CA can be used to achieve 2.16 GHz transmission bandwidth if needed.



Summary of discussion
On if we should support a mode to align the channelization between 11ad/ay and NR in 60GHz band, including NR channels are “nested” within WiFi channels (Note this does not intend to rule out other channelizations not align with 11ad/ay)
· Yes: Nokia, Vivo, Intel, Qualcomm, Samsung, ZTE, Lenovo, Apple, LG, SPRD, Sony
· No: Ericsson, FW(?), Charters, CATT, DCM, Oppo, Xiaomi, HW

Please provide additional views below:
	Company
	View

	OPPO
	No. We think that it is not necessary to define NR channel bandwidth based on WIFI’s system. As pointed out by the companies, the co-existence issue is not decided by the aligned channel bandwidth or channelization.

	Xiaomi
	Agree with DCM. This question should be discussed in another email thread

	LG
	If it is identified that the benefit or the necessity, e.g., for fair coexistence with the incumbent system or the performance requirement can be met.

	Spreadtrum
	Yes. gNB should be a good neighbour to WIFI’s AP.

	Sony
	Yes, we think at least one mode to align the channelization between 11ad/ay and NR-U in 60 GHz band should be supported. Other modes can be supported for an environment where 11ad/ay doesn’t exist.

	InterDigital
	Yes. In our view, at least one more should provide a mode to align the channelization for better implementation flexibility. 

	Huawei/HiSilicon
	Huawei’s earlier comment seems to have not been very clear; resulting in Huawei to be incorrectly put in the “Yes” column above (which we corrected it). Below, is the copy-paste of our earlier comment on this with an underline on the part that we do not support the idea:
“We think it is better to first to clarify what we mean by aligning the channelization to 11 ad/ay. In our view two choices may be considered :
1-  Supporting a 2.16 GHz single channel BW with the centre frequency located at one of the 6 locations {58.32, 60.48, 62.64, 64.80, 66.96, 69.12} GHz. 
2- Supporting multiple channels with a smaller BWs nested inside one 2.16 GHz BW channel with a centre frequency located at one of the 6 locations {58.32, 60.48, 62.64, 64.80, 66.96, 69.12} GHz. 
If the intention is 1 above, then this discussion needs to be made in another Email thread concerning 8.2.1 as it is directly related to the maximum supported channel BW. In any case, even if a 2.16 GHz single channel BW is agreed, we do not see such an alignment results in a noticeable inter-RAT interference reduction.
If the intention is 2 above, although we are in general supportive of the idea of having a few smaller BWs to cover a 2.16 GHz BW (using CA), we do not see such an alignment results in a noticeable inter-RAT interference reduction.”




2nd round discussion
On nominal bandwidth used in #102e agreement, there is no consensus on its definition and no consensus if a definition is needed. Moderator suggests we put the discussion on hold.
On the LBT bandwidth relative to channel bandwidth (as defined in RAN4), there is no consensus but the following alternatives have been discussed. The discussion depends on the discussion on supported channel bandwidth as well. Moderator suggests we capture options and leave down-selection (if any) to the work item phase.

FL proposal: (capture the following in TR)
On the LBT bandwidth relative to channel bandwidth (as defined in RAN4), the following alternatives have been discussed. Further down-selection (if needed) can be further discussed when specifications are developed.
· Alt 1: LBT bandwidth equals channel bandwidth
· Alt 2: LBT bandwidth equals the minimum of channel bandwidth and the transmission bandwidth
· Alt 3: LBT bandwidth can be wider than channel bandwidth
· Alt 3.1. For CA purpose, where LBT bandwidth is the total bandwidth across multiple CCs
· Alt 3.2. For coexistence purpose, where LBT bandwidth is common across nodes configured with different channel bandwidth and center frequency within the LBT bandwidth
· Alt 4: LBT bandwidth can be narrower than the channel bandwidth, with multiple LBT subband within a channel
	Company
	View

	Docomo
	We agree with FL’s suggestion to capture options and leave down-selection (if any) to the WI. We support the four alternatives captured above. 

	LG
	Support the FL proposal. Also, we understand that supporting more than one alternative is not precluded in this proposal.

	Spreadtrum
	We support to capture the above four alternatives in the TR.

	Xiaomi
	Agree with FL proposal to be captured in CR.

	ZTE, Sanechips
	Agree FL proposal and capture all candidate options in the TR.

	Lenovo, Motorola Mobility
	Agree with FL’s proposal to capture the alternatives  for LBT bandwidth in the TR and further down-selection to be done in WI
Regarding FL’s proposal on nominal bandwidth, maybe still it could be considered during this meeting to agree that the it can left up to implementation

	Ericsson
	Fine with the proposal

	Apple
	We are fine with the proposal to capture all the options in the TR

	CATT
	Agree with moderator’s proposal

	Convida Wireless
	Agree with FL’s proposal

	vivo
	OK with moderator’s proposal

	Huawei/HiSilicon
	Generally OK. Other scenarios for Alt. 3 include serving multiple UEs in FDM manner which is not covered in Alt 3.1 or Alt 3.2. We propose the following modification 

On the LBT bandwidth relative to channel bandwidth (as defined in RAN4), the following alternatives have been discussed. Further down-selection (if needed) can be further discussed when specifications are developed.
· Alt 1: LBT bandwidth equals channel bandwidth
· Alt 2: LBT bandwidth equals the minimum of channel bandwidth and the transmission bandwidth
· Alt 3: LBT bandwidth can be wider than channel bandwidth, for instance, for the following purposes
· For CA purpose, where LBT bandwidth is the total bandwidth across multiple CCs
· For coexistence purpose, where LBT bandwidth is common across nodes configured with different channel bandwidth and center frequency within the LBT bandwidth
· For FDMA serving of multiple UEs.
· Alt 4: LBT bandwidth can be narrower than the channel bandwidth, with multiple LBT subband within a channel



	Futurewei
	We suggest replacing “it can be further discussed when specifications are developed” with “it should be further discussed”. We agree with Alt1. We do not understand the wording of Alt2: the transmission bandwidth should be a result of the LBT operation; therefore, transmission may be smaller or equal to LBT bandwidth. 
We think that Alt3.1 and Alt1 can be both supported. For this reason, we suggest adding an Alt5: “LBT bandwidth equals with one or multiples of the minimum supported channel bandwidth”
We suggest FFS for Alt4 (LBT on sub-bands of the minimum channel bandwidth).   

	Intel
	We are fine with the FL’s proposal.


Agreement:
Capture the following in the TR:
On the LBT bandwidth (bandwidth over which a single contiguous LBT is performed) relative to channel bandwidth (as defined in RAN4), the following alternatives have been discussed. Further down-selection of one or more of these alternatives (if needed) should be further discussed when specifications are developed.
· Alt 1: LBT bandwidth equals channel bandwidth
· Alt 2: LBT bandwidth equals the minimum of channel bandwidth and the transmission bandwidth (number of RBs for a given transmission)
· Alt 3: LBT bandwidth can be wider than channel bandwidth
· Alt 4: LBT bandwidth can be narrower than the channel bandwidth, with multiple LBT subband within a channel
· Alt 5: LBT bandwidth equals with minimum supported channel bandwidth or multiples of the minimum supported channel bandwidth


On if we should support a mode to align the channelization between 11ad/ay and NR in 60GHz band, including NR channels are “nested” within WiFi channels (Note this does not intend to rule out other channelizations not align with 11ad/ay), there is no consensus. Moderator recommend we continue discussion of this after there is more clarity on the supported channel bandwidth. 

No-LBT
	Company
	Key Proposals/Observations/Positions

	ZTE, Sanechips
	Observation 1: According to regulation of ETSI EN 302 567 v2.1.20, at least LBT operation should be supported in Europe area for above 52.6 GHz.


	Ericsson
	Referring to Baseline LBT procedures based on 302567 v 2.1.20
Observation 1	LBT is not mandated by any regional regulations for 57-71 GHz frequency band.
Observation 2	In all three indoor scenarios (A, B and C), operating with LBT degrade the performance in terms of DL and UL throughput, as compared with operating without LBT.
Observation 3	Ideal receiver assisted LBT does not show performance improvement as compared to no LBT.
Observation 4	The effectiveness of LBT as medium access mechanism for co-existence in unlicensed spectrum in 60 GHz band is questionable.
Observation 5	Good link adaptation algorithm is sufficient to cope with occasional interference in 60 GHz band
Observation 6	In outdoor Scenario B, operating with LBT degrade the performance in terms of DL and UL throughput, as compared with operating without LBT.
Observation 7	ECC Report 288 concludes that in the 57-66 GHz band, system performance is reduced when LBT enabled, even with proper ED setting.
Observation 8	Inter-/intra technology network operating with LBT procedure as specified in EN 302 567 is not harmed by a coexisting NR-U network that access the channel without LBT
Observation 9	The benefit from directional LBT in 60GHz spectrum is not clear.
Proposal 3	For operation in 60GHz, it is not beneficial to mandate operation with LBT as a medium access mechanism.


	Huawei/HiSilicon
	Observation 7: When No-LBT is used in regions where LBT is not mandated by regulations, the hidden node issue would still persist.
Observation 8: Receiver-only directional LBT outperforms No-LBT in terms of both coverage and capacity across the different loading conditions in the indoor scenario.




No-LBT mode
	Company
	Key Proposals/Observations/Positions

	FUTUREWEI
	Proposal 1: The study should clarify the No LBT conditions of usage.


	Lenovo, Motorola Mobility
	Observation 8: For NR unlicensed bands between 52.6 GHz and 71 GHz, long-term channel sensing could be useful for both LBT and without LBT based channel access mechanism:
-	For LBT based channel access mechanism, long-term sensing at the UE could be utilized for receiver assisted LBT at the gNB
-	For no LBT based channel access mechanisms, long-terms sensing could provide interference statistics in terms of potential interference from WiFi as well as interference from other NR operators
Proposal 8: For NR unlicensed bands between 52.6 GHz and 71 GHz, long term sensing could be supported for both LBT based and without LBT based channel access mechanism to consider potential interference


	Huawei, HiSilicon
	Observation 7: When No-LBT is used in regions where LBT is not mandated by regulations, the hidden node issue would still persist.

	CATT
	Proposal 1: Only when the local regulation makes it clear that LBT is not mandatory, gNB /UE can initiate channel occupancy directly without LBT.
Proposal 5: The interference mitigation of beamforming based operation needs to be investigated in place of LBT based operation for distributed channel access scheme.


	ZTE, Sanechips
	Observation 3: No LBT can be considered to be used in COT sharing case and interference controlled environment.
Observation 4: No LBT should be workable only if some interference elimination mechanisms are applied on top of it. If no LBT is supported, the spec impact of introducing such enhancement should be further studied and evaluated.
Proposal 4: Release 17 NR-U should consider supporting different channel access modes for above 52.6 GHz, e.g., directional LBT and No LBT. 


	Samsung
	Proposal 4: It is beneficial to support an implicit or explicit indication of the operation mode to the UE: either channel access is operated with LBT or without LBT

	OPPO
	Proposal 3: the enhancement of no LBT transmission, e.g., interference mitigation mechanisms should be studied.


	Sony
	Observation 1: In EU, no-LBT mode cannot be operated at least under the ‘C1’ for indoor and outdoor deployment.
Observation 2: No-LBT mode works in the uncongested environment.
Observation 3: Congestion could be measured by average RSSI and channel occupancy which have been already introduced in NR-U.
Proposal 6: No-LBT mode is configured in the environment where both average RSSI and channel occupancy are low.


	Qualcomm
	Observation 1: Shared spectrum operation with high directivity systems experiences low interference and good performance on the aggregate. Moreover, the gain of LBT schemes over no LBT schemes is minimal on the aggregate. 



Long Term Sensing
	Company
	Key Proposals/Observations/Positions

	FUTUREWEI
	Proposal 11: The study should clarify the term of “long-term sensing” and its usage.


	Lenovo, Motorola Mobility
	Observation 8: For NR unlicensed bands between 52.6 GHz and 71 GHz, long-term channel sensing could be useful for both LBT and without LBT based channel access mechanism:
-	For LBT based channel access mechanism, long-term sensing at the UE could be utilized for receiver assisted LBT at the gNB
-	For no LBT based channel access mechanisms, long-terms sensing could provide interference statistics in terms of potential interference from WiFi as well as interference from other NR operators
Proposal 8: For NR unlicensed bands between 52.6 GHz and 71 GHz, long term sensing could be supported for both LBT based and without LBT based channel access mechanism to consider potential interference


	Huawei, HiSilicon
	Proposal 7：For operation in the 60 GHz band, in regions where LBT is not mandated, a gNB/UE can initiate a channel occupancy access using a channel access mechanism without LBT if it is used in conjunction with a short-term or a long-term interference mitigation scheme.
Observation 5：The long-term interference mitigation schemes such as ATPC or DFS would be implemented as specified by the region-specific regulations and do not need to be specified by 3GPP. 
-	Rel-16 NR-U specifications did not capture the DFS requirements and procedures specified by the ETSI BRAN HS for 5GHz (EN 301 893)
Proposal 8：For operation in the 60 GHz band, receiver-only directional LBT can be considered as an optional short-term interference mitigation scheme.


	CATT
	Proposal 2: To obtain channel occupancy condition which help Tx node to configure channel access mode , a periodic and long term RSSI or CCA measurements procedure can be introduced. 


	OPPO
	Proposal 3: the enhancement of no LBT transmission, e.g., interference mitigation mechanisms should be studied.


	Convida
	Re: Exposed node issue : Proposal 5: Study methods to enhance resource utilization and interference in 52.6 GHz and above.
 Proposal 6: Enhancement of beam operation should be investigated to mitigate interference

	NTT Docomo
	Observation 6: On mechanism to switch channel access mechanism, the following two options could be studied
•	Option 1. To determine channel access mechanism by itself
· Indication of determined channel access mechanism to its communication partner(s) may be necessary
•	Option 2. To follow indication/reporting from other devices
Proposal 1: On condition to switch channel access mechanism, even if LBT is not mandatory, at least long-term channel condition such as congestion situation should be considered. 
· To observe the long-term channel condition, sensing the channel with longer periodicity such as RSSI/channel occupancy measurement could be possibility

	Charter
	Observation 1: Existing NR features appear to be sufficient for supporting ATPC, DFS, long-term sensing, etc.


	Qualcomm
	Proposal 3: Consider measurements intervals for long term sensing as designated transmission opportunities for detection of potentially interfered nodes and enabling collision resolution selectively. The collision resolution techniques can be per-COT LBT, TX power limitation, and/or duty cycle limitation.

	Apple
	Long term measurements can be performed for the transmitter to decide whether LBT is performed or not, and what LBT schemes are used or not. 



DFS
	Company
	Key Proposals/Observations/Positions

	Lenovo, Motorola Mobility
	Proposal 5: For NR unlicensed bands between 52.6 GHz and 71 GHz, for further consideration of DFS as a potential channel access mechanism, either the channelization bandwidths need to be agreed first or BWPs switching could be considered to be associated with DFS


	Huawei, HiSilicon
	Observation 5：The long-term interference mitigation schemes such as ATPC or DFS would be implemented as specified by the region-specific regulations and do not need to be specified by 3GPP. 
-	Rel-16 NR-U specifications did not capture the DFS requirements and procedures specified by the ETSI BRAN HS for 5GHz (EN 301 893)

	Nokia, Nokia Shanghai Bell
	Proposal 2: Consider DFS as channel mechanism without LBT for use cases not limited to fixed network equipment but not requiring LBT either.  

	Charter
	Observation 1: Existing NR features appear to be sufficient for supporting ATPC, DFS, long-term sensing, etc.





ATPC
	Company
	Key Proposals/Observations/Positions

	Lenovo, Motorola Mobility
	Observation 6: For NR unlicensed bands between 52.6 GHz and 71 GHz, in order to adopt ATPC as potential channel access mechanism, receiver feedback such as long-term sensing would be needed


	Huawei, HiSilicon
	Observation 6：The long-term interference mitigation schemes such as ATPC or DFS would be implemented as specified by the region-specific regulations and do not need to be specified by 3GPP. 
-	Rel-16 NR-U specifications did not capture the DFS requirements and procedures specified by the ETSI BRAN HS for 5GHz (EN 301 893)


	CATT
	Observation 2:  APTC function for uplink and downlink transmission can be supported base on R15 power control/allocation frame work.


	Nokia, Nokia Shanghai Bell
	Proposal 1: NR for 60 GHz band shall be able to fulfil the EN 303 722 requirements for spectrum sharing based on automatic transmit power control and/or automatic link adaptation. Needed specification changes, if any, are to be studied along with EN 303 722 progress.

	Spreadtrum Communications
	Proposal 3: The medium access mechanism of ATPC and DFS should be studied in 60GHz unlicensed band.

	Charter
	Observation 1: Existing NR features appear to be sufficient for supporting ATPC, DFS, long-term sensing, etc.





No-LBT/LBT switching
	Company
	Key Proposals/Observations/Positions

	FUTUREWEI
	

	Xiaomi
	Proposal 2: For CG-PUSCH, mechanism and condition(s) switching between LBT and LBT-free channel access should be studied.


	CATT
	Proposal 3: When initialing the channel occupancy, gNB shall determine the channel access mode according to the relationship between the result of measurements and configured threshold.


	Nokia, Nokia Shanghai Bell
	Proposal 15: Channel access mechanism is part of cell configuration. 
Proposal 16: Flexible selection of channel access mechanism per gNB beam is considered.


	Ericsson
	Proposal 5	The condition to use/skip LBT is left for implementation. 3GPP needs to only design signaling to communicate the support of LBT


	LG Electronics
	Proposal #4: The channel access with LBT mechanism can be switched to a channel access mechanism without LBT during limited time only when the local regulation allows initiating channel occupancy without LBT and the specific conditions such as low interference environment are met.

	Spreadtrum Communications
	Proposal 3: The medium access mechanism of ATPC and DFS should be studied in 60GHz unlicensed band.

	Samsung
	Proposal 4: It is beneficial to support an implicit or explicit indication of the operation mode to the UE: either channel access is operated with LBT or without LBT

	Sony
	Observation 1: In EU, no-LBT mode cannot be operated at least under the ‘C1’ for indoor and outdoor deployment.
Observation 2: No-LBT mode works in the uncongested environment.
Observation 3: Congestion could be measured by average RSSI and channel occupancy which have been already introduced in NR-U.
Proposal 6: No-LBT mode is configured in the environment where both average RSSI and channel occupancy are low.


	Apple
	Proposal 1: The mechanism and condition(s) to switch between channel access with LBT and channel access without LBT should allow:
· Switching between LBT-based and non-LBT based access based on the regulatory environment only or based on the interference environment the UE(s) experience when regulation allows.
· For LBT channel access, non-LBT transmission for specific channels (e.g. SSB) can occur in at most 10% of the COT.

	NTT Docomo
	Observation 5: Even if LBT is NOT mandatory to access channel, some operation restriction for channel access without LBT may be beneficial in some scenario
•	However, unless LBT mechanism for 60 GHz is clarified, how much LBT is helpful in such scenario is unclear

Observation 6: On mechanism to switch channel access mechanism, the following two options could be studied
•	Option 1. To determine channel access mechanism by itself
· Indication of determined channel access mechanism to its communication partner(s) may be necessary
•	Option 2. To follow indication/reporting from other devices

	Potevio
	Proposal 4: At least network density and traffic load could be studied as conditions to switch between channel access with LBT and channel access without LBT.


	Charter
	Observation 2: The need to switch between channel access with LBT and channel access without LBT is not well motivated.



Discussion
For regions where LBT is not required, it has been discussed if additional conditions can be introduced in 3GPP spec to enable no-LBT mode and what are the conditions.

FL proposal:
gNB should indicate the system is operating in LBT mode or no-LBT mode as part of system information
	Company
	View

	Ericsson
	To start with, the formulation of this discussion is contradicting, for regions where LBT is not required, naturally no LBT is a default, and the discussion should be if LBT should be used in certain conditions.  
We prefer to discuss the points below before agreeing to this proposal.

	Huawei/HiSilicon
	Agree. We think it needs to be clarified in the FL proposal that this is only applicable for regions that LBT is not mandated. 

	LG
	We think that gNB can indicate the supported channel access mode of the system based on the local regulation as part of system information. For example, the gNB can indicate whether the no-LBT mode is supported or not by the SIB.

	Nokia, NSB
	It is yet premature to say whether the UE needs to know if the gNB performs LBT or not. 

	Vivo
	Even in regions where no-LBT mode is allowed, we think the channel access mode can be semi-statically or dynamically changed according to the interference at the receiver, the channel occupancy time at the transmitter, traffic priority, etc. And the channel access mode can be device-specific, e.g., if a UE suffers constant severe interference, gNB can operate in receiver-assisted LBT mode for that UE. For other Ues, gNB may operate in no LBT or non- receiver-assisted LBT mode

	Futurewei
	Where the indication would be used? If this is used in the LBT mandated region it could be simply signalled to UE whenever the situation dictates. For the No LBT region, it can be used as the default operation until instructed by gNB otherwise.

	Charter Communications
	Can be left to the WI phase based on SI conclusions.

	Intel
	Our view is that it would be indeed beneficial to define two modes of operation and indicate to the UE the specific mode used. However, agreeing at this point on the details of how the specific mode of operation used should be signalled is too premature.
Furthermore, from our point of view, it may be also beneficial to give to the gNB the ability within a mode of operation to decide on whether or not to enable LBT under certain circumstances (e.g., COT sharing) where compliance with the local regulatory requirements would be still met, but the use of LBT or no-LBT may lead to better system performance. 

	Qualcomm
	Agree with the proposal. This is just saying gNB should indicate, so UE can deterministically know the mode to operate.

	Convida Wireless
	It is beneficial to have two channel access modes defined. For regions where LBT is not nforma, gNB could indicate to UE which channel access mode to operate – LBT mode or no-LBT mode. This could result in performance optimization.

	CATT 
	It is beneficial to support both LBT mode or non-LBT mode with indication by system nformation..

	NTT DOCOMO
	Agree with Nokia. Other aspects (e.g. channel access procedure under LBT mode or details of no-LBT case) should be discussed at first. Then we can discuss whether/how to configure/indicate which procedure to be used. 

	Samsung
	We support the proposal. Other than system information, for Scell, the indication should also be included in RRC parameter. 

	ZTE, Sanechips
	In SI, we think it is not necessary to discuss too much detailed design.

	Lenovo,
Motorola 
Mobility
	In our view, the FL proposal could be further updated as follows:
For regions, where the regulations don’t mandate LBT, gNB should be able to configure or switch between LBT mode and no LBT mode.
We are also fine to leave this discussion for the WI phase


	Apple
	Clarify that this proposal is for the regions in which LBT is not mandated. The gNB can signal whether LBT-mode or no-LBT mode is used. Whether it is broadcast  in the SIB or indicated per UE can be discussed in the WI.

	Xiaomi
	Agree with LG and Nokia. gNB can indicate whether no-LBT mechanism is supported or not. But as to whether the gNB is operating based on no-LBT can be discussed later.

	Sony
	We agree to leave this discussion for the WI phase.

	InterDigital
	We also think that this is too early to discuss. 



Summary of discussion:
On if gNB should indicate the system is operating in LBT mode or no-LBT mode as part of system information (in other words, the LBT mode decision is made at gNB and indicated to UE)
· Support: HW, LG, Vivo, Intel, Qualcomm, Convida, CATT, Samsung, Apple
· Delay the discussion: Ericsson, Nokia, Charters, FW, DCM, ZTE, Lenovo, Apple, Sony, InterDigital
Seems that this topic is too early to discuss.

Discussion point:
For regions where LBT is not mandated, shall we introduce additional conditions for no-LBT to be used, or leave it for gNB implementation
· The condition can be based on DFS, long term sensing, etc

	Company
	View

	Ericsson
	It should be left for implementation. None of the evaluations showed coexistence issues in regular scenarios. In fact, LBT degraded the performance in most cases. Therefore, it should be left for implementation when it should be used. 
Artificial restrictions should not be added to the specs unless there is a strong justification. FCC on the other hand does not mandate any Adequate spectrum sharing mechanism. The requirement by CEPT is to implement any Adequate spectrum sharing mechanism. Besides, CEPT recommends ATPC and DFS as the most effective and cost-efficient mechanisms.  NR by design support power control schemes. And DFS can be done by implementation.
It is the operator’s responsibility to make sure that the regional regulations are fulfilled using any of the tools supported by the system.  

	Huawei/HiSilicon
	Leave it to gNB implementation. However, some sensing/measurement can be defined to assist the gNB in deciding between LBT and no-LBT mode wherever LBT is not mandated. It is up to the NW how to use the reported sensing/measurement.

	LG
	Even for the regions where LBT is not required, the channel access with LBT can be the basic channel access mechanism. The channel access mechanism can be switched to the no-LBT mode based on the conditions when it can assume a low interference environment e.g., by estimating interference level or by using HARQ information of (consecutive) successful transmissions.

	Nokia, NSB
	It would be good to clarify how this question differs from the next one. It seems they are virtually the same.

	Vivo
	Some conditions based on long term sensing/measurement or report can be used to determine the suitable channel access mode when LBT is not mandated.

	Futurewei
	Leave it for gNB implementation.  

	Charter Communications
	We do not support having additional restrictions or conditions in the specification for no-LBT to be used. The existing NR framework with various measurements (e.g., RSSI) can be utilized for such a determination via implementation.

	Intel
	If LBT is not mandated, it can be left up to the gNB’s on how to operate, and no additional conditions need to be defined and implemented in the specification. 

	Qualcomm
	We should at least define the mechanism, but let gNB to enable/disable the mechanism. (  Note that having defined useful mechanisms which permit constrained no-LBT operation may benefit  3GPP to consider and keep pace with scenarios where the regulatory bodies are re-evaluating unlicensed spectrum channel access and where the regulations are under evolution (e.g. the ongoing ETSI effort 303 753) .)

	Convida Wireless
	Either introducing conditions for no-LBT to be used or gNB implementation could be fine. Conditions could be based on long term sensing.

	CATT
	If LBT is not mandated, it would be beneficial to define a standardized methodology for distributed interference mitigation.  

	NTT DOCOMO
	We share Nokia’s view. 

	Samsung
	It can be left for NW’s implementation to decide which mode to operate with, but combining with the question above, after NW decides, it should indicate the mode to the UE. 

	ZTE, Sanechips
	Tend to support introducing additional conditions for no-LBT to be used compared to the method for leaving it for gNB implementation.

	Lenovo,
Motorola 
Mobility
	It is not fully clear to us what is the intention of this discussion point. 
Is the intention to say that only when no LBT based schemes can ensure adequate spectrum sharing, then the system can use them, otherwise LBT should be used? 

	Apple
	This can be left to gNB implementation. Measurement, signaling and feedback may be used to assist with this. The specifics can be discussed within the WI.



Summary of discussion
For regions where LBT is not mandated, 
· Alt 1. Introduce additional conditions/mechanisms for no-LBT to be used
· LG, Qualcomm (define mechanism and let gNB choose), Convida, CATT, ZTE, SPRD, Lenovo, Motorola Mobility, Oppo, InterDigital
· Alt 2. Leave it for gNB implementation to determine if LBT or no-LBT is used 
· Ericsson, , FW, Charters, Intel, Convida, Samsung, Apple, Sony, Nokia, Nokia Shanghai Bell

Please provide additional view:
	OPPO
	Alt 1.

	Xiaomi
	Support Alt 1. 

	Spreadtrum
	Support Alt 1.	

	Lenovo, Motorola
Mobility
	Support Alt. 1

	Apple
	We assume signaling and measurement will be defined to enable this. It is not clear if this is a mechanism and belongs in Alt 1 or Alt 2.  

	Sony
	Support Alt 2 (leave it for gNB implementation to determine if LBT or no-LBT is used). gNB can handle it by using existing measurement such as RSSI.

	InterDigital
	Support Alt 1.

	Nokia, NSB
	We support Alt 2. Alt 1 is presently not even defined to the extent that one could evaluate it.

	Samsung
	To clarify, our understanding is there could be conditions/mechanisms to be discussed for no-LBT mode, but these may not need to be specified and fully up to implementation. 

	Huawei/HiSilicon
	We believe that above formulation of Alt.1 and Alt.2 does not accurately represent the original discussion point and our views. While, in regions that LBT is not mandated, we are supportive of gNB to decide whether or not LBT is used (Alt. 2), if gNB decides that no-LBT is used, there still need to be some additional conditions/mechanisms for no-LBT network (Alt. 1), in case that the no-LBT network co-exists with an LBT network. Therefore, Alt. 1 and Alt. 2 are not mutually exclusive choices in our view. We propose the following alternative:
Proposal:
· For regions where LBT is not mandated, leave it for gNB to determine if LBT or no-LBT is used. 
· If gNB determines that no-LBT is used, additional conditions/mechanisms need to be used for the fair co-existence with the LBT network. 




Discussion point:
For regions where LBT is not mandated, shall we introduce additional restrictions when no-LBT is used, or leave it for gNB implementation
· Shall we design ATPC-like mechanism to be used in no-LBT mode
· Shall we design DFS-like mechanism to be used in no-LBT mode 
· Shall we design long term sensing type mechanism to be used in no-LBT mode
· Shall we design duty-cycle restriction mechanism to be used in no-LBT mode
· Shall we design transmit power restriction mechanism to be used in no-LBT mode

	Company
	View

	Ericsson
	CEPT regulations requires Adequate spectrum sharing mechanism to be implemented. The regulations state: ”Among dynamic mechanisms, ATPC and DFS are the most effective and cost-efficient mechanisms. ATPC is particularly important as MGWS equipment are naturally motivated to implement ATPC to control self-interference.”
NR by design support power control schemes that can serve as “ATPC” mechanism. In additional, NR has link adaptation which also can serve as a “Adequate spectrum sharing mechanism” (e.g. in good link conditions, transmission time is reduced (higher MCS) which promotes for better coexistence)
DFS can be done by implementation, that has also been the case for sub-6GHz spectrum.
Therefore, we do not think more restrictions are needed specially that the interference at 60GHz is not expected to be critical.  


	Huawei/HiSilicon
	We are in principal supportive of discussing additional restrictions when no-LBT is used. However, some of these restrictions may not have any specification impact. For instance, Rel-16 NR-U specifications did not capture the DFS requirements and procedures specified by the ETSI BRAN HS for 5GHz. Not specifying DFS in Rel-17 seems to be a reasonable approach as well. Current UL PC mechanism should be able to handle an ATPC-like mechanism at the UE side and we are not sure ATPC-like mechanism at the gNB side is within RAN1 mandate. 

	LG
	No-LBT mode can be used along with ATPC or duty cycle restriction or transmit power restriction mechanism. The gNB can configure or indicate the mechanism to be used for UL transmission in combination with no-LBT mode.

	Nokia, NSB
	No. For now, we do not see a need to design specific RAN1 support for the aforementioned schemes. Naturally, if strict restrictions for the use of no-LBT are specified by a regulatory body, we can revisit this issue. 
However, we may consider some definition for e.g. minimum antenna gain (including element and beamforming) or maximum TX power that is allowed in the case of no-LBT.
Possible RAN4 impact (e.g. power control range requirements, etc.) may be considered separately, if needed.

	Vivo
	As we commented to the question above, some conditions based on long term sensing/measurement or report can be used to determine the suitable channel access mode when LBT is not mandated. Along with those conditions, we’re open to discuss potential restrictions but the questions on detail method are premature to answer right now. 

	Futurewei
	We should not consider the region specific requirements unless they cannot be supported with the actual design. We should leave the features to the gNB implementation

	Charter Communications
	As noted in our contribution, existing NR features appear to be sufficient for supporting ATPC, DFS, duty-cycling, long-term sensing, etc.


	Intel
	From our point of view, the use of ATPC, DFS or other mitigation techniques can be supported transparently from the specification, and they can be a gNB’s implementation choice. 

	Qualcomm
	We should define the mechanism but allow the gNB to enable/disable the mechanism. (Please see the comment to the previous discussion. This ‘revisiting’ of the issue mentioned by Nokia can perhaps be anticipated/shaped – so as to prevent future issues that may need large scale redesign. )

	CATT
	We support standardized interference mitigation methods.  Feature lead’s examples could be the potential candidate and other interference mitigation methods should also be considered.

	NTT DOCOMO
	On ATPC or transmit power restriction mechanism, we agree with E/// that NR already supports the mechanism for transmit power control. Additional specification effort wouldn’t be necessary in 3GPP. If any regulatory requirement is found, then we can just follow it. DFS could also be covered by the existing NR. 
We think even when no LBT is possible, as far as in unlicensed spectrum, it could be beneficial to try to detect the presence/absence of others to make sure interference mitigation. Long term sensing, as a tool, could be useful for this purpose. 

	Samsung
	As responded to the last question, the conditions can be up to implementation. 

	ZTE, Sanechips
	We agree to introduce additional restrictions when no-LBT is used but it seems that some auxiliary interference cancellation methods can be used based on the existing ETSI specification and no need introducing additional design into 3GPP.

	Lenovo,
Motorola
Mobility
	Main point is similar to last discussion point. Maybe it can be updated as follows:
For no-LBT mode, should the following mechanisms need to be specified or can be left  upto gNB implementation
Then further on specific mechanisms, we tend to agree with Ericsson that DFS and ATPC arethe most effective mechanisms. Furthermore, we think that long term sensing (interference management) could be an    additional tool to better facilitate ATPC and DFS, rather than being a standalone mechanism. For ATPC, it should be further investigated that if the current power control schemes can be directly applied for ATPC or some enhancements are needed.

	Apple
	As has been noted, NR features such as the UL PC mechanism can be used to support ATPC. Additionally, features such as search space configuration can be used for duty cycle restriction and gNB scheduling can be used for DFS. All these can be handled by gNB implementation.



Summary of discussion: (with the questions rephrased to reduce confusion)
For regions where LBT is not mandated, and when no-LBT mode is used
· Alt 1. Introduce additional restrictions. For example, DFS needs to be on, ATPC needs be on, long term sensing needs to be applied, certain duty cycle limitation, certain transmit power limitation, etc
· HW (some of the restriction may not have spec impact), LG, Vivo, Qualcomm (with gNB control), CATT, DCM, ZTE, SPRD, Oppo, Xiaomi, InterDigital
· Alt 2. No restrictions (Leave it for gNB implementation)
· Ericsson (ATPC and DFS can be done by implementation), Nokia, FW, Charter, Intel, Samsung, Lenovo, Apple, Sony

Please provide additional view
	Company
	View

	OPPO
	Alt 1.

	Xiaomi
	Support Alt 1. 

	Spreadtrum
	Support Alt 1.

	ZTE, Sanechips
	Support Alt 1, but we don’t think all these additional restrictions need to be specified in 3GPP spec, and suggest to reuse the existing ETSI design as much as possible.

	Sony
	Although interference mitigation mechanism such as DFS and ATPC would be beneficial for no-LBT mode, these can be handled by gNB.

	InterDigital
	Support Alt 1. 

	Huawei/HiSilicon
	Support Alt 1. Suggest to add introducing MCOT as an additional example in Alt. 1. Also, as we mentioned earlier not all these additional restrictions (e.g., DFS, ATPC) need to be specified.



Discussion point:
For regions where LBT is not mandated, when operating in no-LBT mode, shall we further define mechanism for the system to fall back to LBT mode
	Company
	View

	Ericsson
	No. it should be left for implementation. 
A smart gNB implementation should aim for a good performance. In the rare case of a device stuck in a severe interference situation, the gNB would of course try to resolve the issue. It could change the channel, adjust the Link adaptation parameters, change the RX-TX beam, etc…. Activating LBT does not necessarily solve the issue, specially if the interferer is not using LBT, or using LBT according to EN ETSI HS 302 567 with ED -47 dBm (which rarely backs off to any interference). The gNB is equipped with tools other than LBT to cope with interference. Which one of those tools  (including LBT) is used as a fall back, should be left for implementation. 

	Huawei/HiSilicon
	Leave it to gNB implementation. However, some sensing/measurement can be defined to assist the gNB to decide between LBT and no-LBT mode wherever LBT is not mandated. It is up to the NW how to use the reported sensing/measurement.

	LG
	As we mentioned in the above, the channel access with LBT mechanism can be switched to a channel access mechanism without LBT during limited time only when the local regulation allows initiating channel occupancy without LBT and the specific conditions such as low interference environment are met. Once the channel access mechanism is switched to one without LBT, the timer can be started and the channel access mode can be fallback to the channel access mode with LBT mechanism when the timer is expired or at least one of the specific conditions (e.g., when NACKs were received consecutively for the PDSCH/PUSCH transmitted without LBT) for switching the channel access mechanism is met.

	Nokia, NSB
	No. Regulations do not require this, and it is unclear if there would be any benefit in such fall-back. Moreover, it is important to support guaranteed no-LBT operation for e.g. fixed links.

	Vivo
	Yes, mechanism fall back to LBT mode is necessary. Since the deployments in unlicensed band cannot be controlled, there may exist a scenario where some severe interference from other RATs or operators exist. LBT mode operation helps to enhance system performance.

	Futurewei
	Should be left for implementation.

	Charter Communications
	It is unclear if such a fall-back is always even feasible, for example, Ues deployed in a certain region may not support LBT functionality at all.

	Intel
	It may be beneficial in some special cases to fall back to LBT mode and use this mechanism as an interference mitigation mode. Therefore, a mechanism that allow switching from one mode to another would be preferred. 

	Qualcomm
	We should define the mechanism but allow the gNB to enable/disable the mechanism

	Convida Wireless
	We could consider to define fallback mechanism or switch mechanism between the two modes – LBT and no-LBT. 

	CATT
	No.  It should be left to the gNB implementation.

	NTT DOCOMO
	Something resistant to heavy collision environment could be considered, but we are not sure if such system can (or should) be called as “fall back to LBT”. 

	Samsung
	As responded to the last question, the conditions can be up to implementation. 

	ZTE, Sanechips
	Support to define mechanism from No LBT fall back to LBT mode, but specific detailed design can be left to WI phase.

	Lenovo,
Motorola
Mobility
	I think we need further discussion if it the fall back to LBT mode can be simply implementation or some specification enhancements are needed. In our view, the receiver and transmitter should be aligned in terms of channel access mechanism and for that purpose, some indication or mechanism for switching  back to LBT mode might be needed.

	Apple
	There should be signaling and measurement to allow the gNB to convert one or more Ues to/from LBT-mode  but the actual implementation/conditions should be left to the gNB implementation. Details on the signaling and measurements etc may be left to the WI.

	Xiaomi
	Operation with LBT should be a default channel access mechanism. We can define some conditions, for example, interference/ statistics on ACK/NACK, If a transmitter is currently operating based on no-LBT, and it can satisfy the condition, it can switch to LBT.

	Sony
	Although switching between LBT mode and no-LBT mode should be considered for the case when interference condition changes, it can be handled by gNB.

	InterDigital
	Yes. We think that it may be possible for UL.



Summary of discussion
For regions where LBT is not mandated, when operating in no-LBT mode, shall we further define mechanism for the system to fall back to LBT mode
· Yes: LG, Vivo, Intel, Qualcomm, Convida, ZTE, Lenovo, Xiaomi, InterDigital
· No: Ericsson, HW, Nokia, FW, Charter, CATT, DCM, Samsung, Apple, Sony
Seems to be too early to discuss

2nd round discussion
For regions where LBT is not mandated, there is no consensus on if additional conditions/mechanisms for no-LBT to be used is to be introduced. There is also no consensus on when no-LBT is used, do we need to introduce additional restrictions, or if a fallback (to LBT mode) mechanism is to be introduced. Moderator suggests we capture options and continue discussion in the work item phase.
FL proposal: Capture the following in the TR.
For regions where LBT is not mandated, it can be further discussed when specifications are developed 
· If RAN1 should introduce additional conditions/mechanisms for no-LBT to be used, or leave it for gNB implementation
· When no-LBT mode is used, if RAN1 should introduce additional restrictions, such as DFS needs to be applied, ATPC needs to be applied, long term sensing needs to be applied, certain duty cycle limitation, certain transmit power limitation, etc, or leave the restriction for gNB implementation
· When no-LBT mode is used, if RAN1 should introduce mechanism for the system to fallback to LBT mode, or leave it for gNB implementation
	Company
	View

	Docomo
	We support FL’s proposal.  

	LG
	Support FL’s proposal.

	Spreadtrum
	We support FL’s proposal.

	Xiaomi
	Support FL’s proposal.

	ZTE, Sanechips
	Agree FL proposal.

	Lenovo, Motorola Mobility
	Agree with FL’s proposal

	Ericsson
	we think “for operation where LBT is not mandated” is better wording that “for regions where LBT is not mandated” since generally speaking CEPT as regional requirement does not mandate LBT, but only one of the HSs in that region mandate LBT at this point. 

	Apple
	Agree with FL’s proposal. Ericsson’s update is fine with us.

	CATT
	Agree with Moderator’s proposal

	Convida Wireless
	Agree with FL’s proposal. We are fine with Ericsson’s suggestion.

	vivo
	OK with moderator’s proposal

	Huawei/HiSilicon
	Generally OK. We would suggest to add MCOT as an option in the second bullet:
For regions where LBT is not mandated, it can be further discussed when specifications are developed 
· If RAN1 should introduce additional conditions/mechanisms for no-LBT to be used, or leave it for gNB implementation
· When no-LBT mode is used, if RAN1 should introduce additional restrictions, such as DFS needs to be applied, ATPC needs to be applied, MCOT needs to be applied, long term sensing needs to be applied, certain duty cycle limitation, certain transmit power limitation, etc, or leave the restriction for gNB implementation
· When no-LBT mode is used, if RAN1 should introduce mechanism for the system to fallback to LBT mode, or leave it for gNB implementation


	Futurewei
	We suggest replacing “it can be further discussed when specifications are developed” with “should be further discussed”. Remove RAN1 reference. For the first bullet change “no-LBT” to “no-LBT mode”.

	Intel
	We are fine with the FL’s proposal, and support Ericsson’s updated text.



Agreement:
Capture the following in the TR:
For operation where LBT is not required, it can be further discussed when specifications are developed 
· If RAN1 should introduce additional conditions/mechanisms for no-LBT to be used, or leave it for gNB implementation
· When no-LBT mode is used, if RAN1 should introduce additional restrictions, such as DFS needs to be applied, ATPC needs to be applied, long term sensing needs to be applied, certain duty cycle limitation, certain transmit power limitation, MCOT limits, etc, or leave the restriction for gNB implementation
· When no-LBT mode is used, if RAN1 should introduce mechanism for the system to fallback to LBT mode, or leave it for gNB implementation

LBT Types and COT
	Company
	Key Proposals/Observations/Positions

	CAICT
	Proposal 1: CAT2 based directional LBT could be considered for 52.6-71GHz.
Proposal 2: The mechanism of CAT2 based directional LBT for DRS and data transmission within a COT could be different.
Proposal 3: The mechanism for CAT4 based directional LBT should be considered and the detail design could be FFS.


	NTT Docomo
	Observation 3: On sensing timing of LBT (event-driven manner such as LBE, or periodic manner such as FBE), following aspects need to be taken into account:
· Robustness against congestion with coexisting systems
· Event-driven sensing with random back-off has higher robustness, but highly congested situation in higher frequency may be a corner case
· Periodic sensing may cause potential unfairness issue in highly congested situation
· Resource utilization efficiency
· Event-driven sensing would provide lower efficiency especially in case of less congested situation
· Periodic sensing would provide higher efficiency especially in case of less congested situation
· Latency 
· Event-driven sensing may lead larger latency at least in less congested situation
· Periodic sensing may lead smaller latency at least in less congested situation



LBT Parameters, COT duration, Gaps
	Company
	Key Proposals/Observations/Positions

	FUTUREWEI
	Proposal 2: For LBT channel access the maximum COT shall be 5ms.
Proposal 3: For LBT channel access the default maximum time gap between consecutive transmissions in the COT without additional LBT should be at least 13 us.
Proposal 4: NR should support configuration of larger gaps between consecutive transmissions in a COT without LBT required.


	Vivo
	Proposal 2: The channel access mechanism can be selected based on the channel occupancy time, channel access rate, transmission priority, service requirement, or feedback information from the receiver, etc.

	Nokia, Nokia Shanghai Bell
	Proposal 11: gNB can serve multiple beams in TDM manner, resulting in transmissions gaps on a beam, within a COT after sensing the channel on the corresponding directions at the beginning of the COT.

	Intel
	Proposal 3: For a system operating in unlicensed 60 GHz band, the maximum channel occupancy time (MCOT) should never exceed 5 ms.  


	Sony
	Proposal 5: Channel access parameters (such as LBT category, ED threshold, CWS adjustment, CAPC, etc.) need to be studied in order to fit with 60 GHz channel conditions.




ED threshold adaptation 
	Company
	Key Proposals/Observations/Positions

	FUTUREWEI
	Proposal 7: The value of Pout in the CCA Check before initiating a COT should correspond to the maximum EIRP of the transmissions during that COT.


	Intel
	Proposal 8: When operating in unlicensed 60 GHz band, the ED threshold calculation shall account for the type of LBT mechanism used.





COT Sharing
	Company
	Key Proposals/Observations/Positions

	Intel
	Proposal 4: When a COT is acquired by an initiating device, this can be shared with any other device for which the transmission of the initiating device is targeted to.  
Proposal 5: It is up to the gNB on whether to mandate or not the use of LBT before attempting any transmission from any device within an initiating device’s acquired COT

	ZTE, Sanechips
	Observation 3: No LBT can be considered to be used in COT sharing case and interference controlled environment.


	LG Electronics
	Proposal #6: It would be beneficial for coexistence that channel occupancy acquired by directional LBT is shared only for DL and UL signals/channels having spatial QCL relationship.



CWS and CAPC
	Company
	Key Proposals/Observations/Positions

	Huawei, HiSilicon
	Proposal 9：The procedures specified for CWS adjustment and multi-channel access in Rel-16 NR-U should be considered for operation in the 60 GHz band with necessary modifications when LBT is used.
Proposal 10：For operation in the 60 GHz band, when LBT is used within the COT, NR-U should consider to reuse the corresponding channel access procedures for 5/6GHz and modify the channel access parameters in accordance with the ETSI BRAN Harmonized Standard.


	CATT
	The LBT schemes studied in Rel-16 NR-U focusing in sub-6GHz frequency and included the following categories, 
•	Category 1(Immediate transmission after a short RX/TX switching gap), 
•	Category 2(LBT without random back-off, the duration time is more than 16us and less than 25us)
•	Category 4( LBT with random back-off with a contention window of variable size)  
Proposal 4:  For NR operation in 52.6 – 71GHz, these three LBT categories can be considered as the starting points for proposal and evaluations. The setting of LBT parameters for NR operation in unlicensed spectrum should use those defined in 802.11ad as the reference for the study of the coexistence.    

	Intel
	Proposal 6: RAN1 should discuss and identify the values Zmin and Zmax for the CCA procedure agreed and captured in TR 38.808 [5]. Further RAN1 should investigate on whether these values should depend on the type of transmission and physical channel that the device performs, and/or on the type of traffic and.




Discussion
EN 302 567 only defines the CCA check at the initiating device, which can be consider as a Cat 4 LBT type mechanism.
FL proposal: 
Use the CCA check procedure in EN 302 567 (per RAN1 understanding as from RAN1 #102-e) as the baseline for the Cat 4 LBT design for 60GHz band.
· FFS: Any parameter change needed
· FFS: Do we need to introduce CAPC
· FFS: Do we need to introduce contention window adjustment
	Company
	View

	Ericsson
	CAT4, by definition, includes CW adjustment which is not part of the CCA check procedure in EN 302 567. So to avoid any confusion, we prefer not to refer to it as CAT4. 
We disagree with the second and third FFSs. There is a justification for having CAPC, CWS adjustment in 5GHz because simply the propagation characteristics and coverage of this frequency range might result in interference issues. So it was important to make sure that high priority data is prioritized in this case (via CAPC) and collisions are resolved via CWS adjustment.  
Now, the situation is very different in 60GHz. Most companies have shown that the LBT is inducing unnecessary deferral that reduces throughput performance. Differentiating between traffic types would mean inducing even larger unnecessary latencies.
 In general, LBT in 60GHz may or may not bring gains for the 5th perc. Ues, but what all companies agree on is that it has a negative impact on the aggregated system performance. Therefore, there is no justification to increase the LBT overhead by introducing CAPC and CW adjustment, especially that they are not mandated by the HS. The work should be focused on what is needed to enhance the performance and not to re-specifying the 5GHz LBT aspects in 60GHz without a strong motivation. 


	Huawei/HiSilicon
	We are OK to use the CCA check procedure in EN 302 567 as the baseline for the Cat 4 LBT design. However, we believe the following aspects related to CCA energy/EDT should be further discussed.
1- Dependency of EDT to LBT BW.
2- Aspects related to the sensing/Tx beam, e.g., how the CCA energy/EDT takes into account the sensing antenna gain, Receive (sensing) beamforming gain, and the beamforming gain of the subsequent transmission after acquiring the COT.
We are also supportive of discussing CAPC and CWS adjustment. However, we believe that CAPC and CWS are less essential discussions than the above two aspects. 

	LG
	It was agreed in RAN1#102-e to use the CCA check procedure in EN 302 567 as the baseline for system evaluation with LBT. Therefore, it can be the baseline for the Cat-4 LBT design for 60GHz, and enhancements such as the introduction of contention window adjustment and CAPC can be considered. The procedure for CWS adjustment for the Type 1 channel access procedure in Rel-16 NR-U can be reused with modifications to the parameters.

	Nokia, NSB
	We agree with Ericsson on the terminology. Actually, the LBT scheme in EN 302567 is rather Cat3 than Cat4 (TS 36.889: Category 3: LBT with random back-off with a contention window of fixed size).
As for the FFS points, 3GPP should firstly aim at following ETSI’s definition. We do not see a need for the 2nd and 3rd FFS points. The first one we may keep open until the work item, e.g. depending on the exact decisions on directionality of LBT, channelization etc. 

	vivo
	No further enhancement (all FFS) is necessary.

	Futurewei
	We agree to use the EN 302 567 as the baseline as it was agreed already in RAN#102, and we agree with the first bullet. We do not see the second and third bullet as necessary.

	Charter Communications
	The CCA scheme in EN 302 567 is a Cat-3 LBT mechanism. There is no need based on current simulation evidence to further enhance it into a pseudo-Cat-4 scheme.

	Intel
	We are OK to use the CCA procedure defined in EN 302 567 as a baseline, and we are supportive in further discussing the introduction of CAPC and mechanisms for CWS adjustment, which based on our observation of the system level evaluations may become beneficial in highly congested scenarios. Additionally, RAN1 is not conducting evaluation for all possible deployments and use cases, and one can easily formulate a scenario where interference between NR and potentially WiGig can create problems. One may argue it could be a corner case, but for that particular user if we know there could be persistent problems, we think it is better for the specification to support features that can help these even “corner case” users, especially given that most of the functionality is already specified in Rel-16 NR-U. This also helps to keep same design commonality from MAC layer perspective.

	Qualcomm
	CAPC and CW adjustment are not necessary. 
We are open for parameter change, such as the range of the random number. But this may not be necessary

	CATT 
	We agree to use EN 302 567 as the baseline.  2nd and 3rd FFS points are not needed.  

	NTT DOCOMO
	We agree with Ericsson and Nokia on terminology, i.e. we support not to use the wording “CAT4”. 
As for FFSs, since actual LBT mechanism is still under discussion, just to have them as FFS should be ok from our perspective. 

	Samsung
	Random back-off without CWS adaptation should be “Cat3 LBT”, so the wording “Cat4 LBT” may not be accurate in the proposal. 
We don’t need to “change” parameters, but should “define” exact value of some parameter, e.g. CW_max.  

	ZTE, Sanechips
	Based on the CCA check procedure in EN 302.567, we think the following need to be considered:
· When the absence of the Wi-Fi cannot be guaranteed
·  If different bandwidth is used for NR-U and Wi-Fi, how to determine the ED threshold for NR-U.
· CAPC and CWs adjustment need to be considered due to these have been supported in 802.11ad/ay
· Parameters change also be considered to align Wi-Fi.
· Otherwise, if the absence of the Wi-Fi can be guaranteed, we are open for these FFSs.



	Lenovo,
Motorola
Mobility
	We generally agree with the FL proposal
Depending upon if directional LBT is adopted for 60GHz NR-U operation, we think that certain changes might be needed including how the CCA is applied across multiple beams, CAPC across multiple beams, contention window adjustment depending upon beam switching

	Apple
	3GPP should focus on following ETSI’s definition. The 2nd and 3rd FFS can be de-prioritized. However, there is a need to incorporate the transmission BW and the antenna gain into the CCA ED calculation.



After online discussion, the proposal is updated to the following:
Updated proposal:
Use the CCA check procedure in EN 302 567 (per RAN1 understanding as from RAN1 #102-e) as the baseline for channel access for 60GHz band when LBT is applied. The following can be discussed further during normative work.
· Whether CAPC and contention window adjustment mechanisms are introduced
· Whether ED threshold change is needed, e.g., due to changes in bandwidth
· Whether contention window range needs to be adjusted

Please provide additional view
	Company
	View

	NTT DOCOMO
	We support the Updated proposal. 

	OPPO
	We support the updated proposal.

	LG
	Support the updated proposal.

	Spreadtrum
	We support the updated proposal

	ZTE, Sanechips
	Support the updated proposal.

	Lenovo, Motorola Mobility
	We support the updated proposal

	Apple
	We support the proposal

	vivo
	Fine with the updated proposal. However, the motivation for further enhancements to CAPC and CWS is not very clear.

	Sony
	We support the updated proposal.



Agreement:
Use the CCA check procedure in EN 302 567 (per RAN1 understanding as from RAN1 #102-e) as the baseline for channel access for 60GHz band when LBT is applied. The following can be discussed further during normative work.
· Whether CAPC and contention window adjustment mechanisms are introduced
· Whether ED threshold change is needed, e.g., due to changes in bandwidth, beamforming gain etc.
· Whether contention window range needs to be adjusted

EN 302 567 defines the MCOT to be 5ms.
FL proposal:
MCOT is 5ms, including all the gaps inside
	Company
	View

	Ericsson
	Agree with FL proposal (we propose the additional wording for the proposal “when LBT is performed, MCOT is 5ms, including all the gaps inside”)

	Huawei/HiSilicon
	Agree.

	LG
	Agree with the FL proposal.

	Nokia, NSB
	Agree with the FL proposal. Ericsson’s clarification is also fine to us.

	Qualcomm
	Agree with the proposal

	Convida Wireless
	Agree with the FL proposal.

	CATT
	Agree with FL’s proposal.  

	ZTE, Sanechips
	Agree with the FL proposal.



The above discussion is agreed as follows:
Agreement:
At least when operating with LBT, MCOT is 5ms, including all the gaps inside
Note: Discussions related to further reductions in MCOT due to potential definition of CAPC will be handled separately.


From online session, the following possible conclusion is discussed.
Possible Conclusion:
There is no maximum channel occupancy time defined when gNB and all Ues are operating without LBT.

Please provide view:
	Company
	View

	vivo
	Agree

	Futurewei
	We think that with this wording this conclusion is obvious as COT and MCOT were defined only for the LBT case. Maybe we could either remove the word “defined” or re-phrase it as a question “Do we need to define COT when no LBT is used for channel access?”

	Charter Communications
	Agree

	Intel
	With the aim to harmonize the specification a maximum channel occupancy time could be also defined when both gNb and all its associated Ues are operating without LBT. However, in this case its meaning may be lost. 

	Huawei/HiSilicon
	We think it should first be clarified that 1) whether or not it is allowed to have a mixture of LBT/No-LBT in a system (one pair of initiating/responding pair with LBT and one initiating/responding pair with No-LBT); and 2) How dynamic LBT can switch to/from No-LBT for an initiating/responding device pair.
For instance, if the mixture of LBT/No-LBT is allowed, the “No-LBT pair” communication my need to be restricted by a maximum channel occupancy time to facilitate a fair channel access for the “LBT pair”.

	Qualcomm
	COT by definition is associated with channel access. For considerations that even in no LBT mode, we should still enable some relatively frequent channel sensing, this can be captured as some minimum periodicity of longer term sensing or RSSI measurement.

	CATT
	Agree with FL’s proposal.

	NTT DOCOMO
	We support the possible conclusion. 

	Samsung
	OK with the conclusion

	ZTE, Sanechips
	We would like to confirm whether this conclusion means No LBT cannot initiate a COT for all gNB/UE, or if No LBT is used, then it is no limit the length of transmission for all gNB/UE.

	LG (2)
	If we don’t define the MCOT for operating without LBT, there may have a problem with the fair coexistence among incumbent systems because all the initiating devices are allowed to transmit the signal without a time limit. As QC’s mentioned, even No LBT may also require a transmission time limit for something like long-term sensing. 

	Lenovo,
Motorola
Mobility
	Agree with the conclusion

	Apple
	Agree

	Ericsson
	The conclusion implies that operation mode with or without LBT is a system configuration which is not decided yet. In our view, it should be enough to say, 
If the device accesses the channel without performing LBT, there is no maximum channel occupancy time. 
“COT” and “COT sharing” is a concept that is only applicable when LBT is being used. 

Going back to 37.213, it defines the following: 
-	A channel occupancy refers to transmission(s) on channel(s) by eNB/gNB/UE(s) after performing the corresponding channel access procedures in this clause.
-	A Channel Occupancy Time refers to the total time for which eNB/gNB/UE and any eNB/gNB/UE(s) sharing the channel occupancy perform transmission(s) on a channel after an eNB/gNB/UE performs the corresponding channel access procedures described in this clause. For determining a Channel Occupancy Time, if a transmission gap is less than or equal to , the gap duration is counted in the channel occupancy time. A channel occupancy time can be shared for transmission between an eNB/gNB and the corresponding UE(s).

I don’t think it is contradicting to say that COT/MCOT are not applicable for the no LBT case. Since by definition, COT refers to the total time after performing “the channel access procedure, i.e. LBT”

Response to LG: the evaluated scenarios are supposed to reflect a worst-case scenario in which multiple operators (uncoordinated) are using the same channel and even there no company was able to show that there is an issue with operating without LBT. Otherwise, if the nodes using no LBT are within the same network, it can be fully managed by the gNBs. 

Related to the statement “fair coexistence among incumbent system”. Regardless of what NR will be doing, we need to keep in mind that the other RATs will be using EN BRAN 302 567 with ED -47 dBm, which all companies have shown that it is equivalent to no sensing from interference avoidance perspective (very high ED threshold so that the deferral is almost never happening).  
Naturally the gNB will ask the UE to report measurements to keep track of UE performance and if any change should be done. This is something we even do on the licensed spectrum. We do not need to add a transmit limit to make that happen. 



	LG
	Since it can be harmful to the performance of NR system (also for incumbent system coexist with NR) on operating without limit in a particular scenario such as cell-edge UE in high traffic load or persistent high-interference situation, long-term sensing may be needed to measure the interference environment around the gNB or UE even for operating no-LBT.



Summary of discussion:
Possible conclusion:
There is no maximum channel occupancy time defined when gNB and all Ues are operating without LBT. (Note this is not about transmission without LBT in LBT mode, like COT sharing or short control signalling)
· Support: Vivo, FW, Charter, Qualcomm, CATT, DCM, Samsung, ZTE, Lenovo, Apple, Ericsson, SPRD, Sony, Oppo, Nokia, Nokia Shanghai Bell, 
· Can also consider defining MCOT for no LBT: Intel, HW, LG

Please provide additional view:
	Company
	View

	OPPO
	Support.

	Xiaomi
	Agree with HW’s comment. If the mixture of LBT/No-LBT is allowed, a UE may not be able to know whether other UE in the cell is in LBT or no-LBT mode.

	Spreadtrum
	Support

	vivo
	Support. MCOT should only be related to LBT. In the scenario where LBT is not mandated, the device can transmit as it like. If companies have concerns on the channel occupancy time in this case, the device can switch to LBT mode.

	Sony
	Support

	Ericsson
	We don’t agree to the part saying “when gNB and all Ues”. We don’t believe a restriction should be enforced on the gNB to either activate or deactivate LBT for all Ues. The system nten evaluations show that the mean/95th   perc/median suffer when operating with LBT. Within a system, everything can be controlled and scheduled by gNB. Its completely fine to have a mixture of LBT and no LBT pairs. 
“operating without limit in a particular scenario such as cell-edge UE in high traffic load or persistent high-interference situation” is not a realistic scenario. First, it assumes a scenario where multiple operators use the same channel. But even if that is true, we have multiple Ues and multiple directions for transmissions, it is very unlikely that we would have a persistent transmission in one direction. We’d like to reiterate what we said earlier: 
Naturally the gNB will ask the UE to report measurements to keep track of UE performance and if any change should be done. This is something we even do on the licensed spectrum. We do not need to add a transmit limit to make that happen. Even on licensed spectrum, we have cell edge UE, which also see interference from other neighbouring cells. Yet we do not have any such restrictions, we assume that the scheduler can handle the situation. 
Besides, what difference would it make if there is a Maximum channel occupancy for the case of no LBT. The node will still be allowed to initiate a new COT immediately. So technically its meaningless unless the companies have other restrictions on top in mind, and maybe that is what we need to discuss and not the MCOT. Unless we have some progress on the no LBT restrictions, we do not think there can be progress here. 

	Nokia, NSB
	Support. We also agree with Ericsson in that the definition should be transmitting node specific, rather than cell-specific, such that a given cell may have a mix of links with and without LBT.

	Huawei/HiSilicon
	Not support. MCOT and/or other restrictive measures need to be used in the no-LBT system when LBT and no-LBT systems co-exist. 




From online session, the following possible conclusion is discussed.
Possible Conclusion:
There is no COT sharing defined when gNB and all Ues are operating without LBT.

Please provide view:
	Company
	View

	vivo
	Agree

	Futurewei
	We think that with this wording this conclusion is obvious as COT sharing was defined only for the LBT case in 5GHz band. Maybe we could either remove the word “defined” or re-phrase it as a question “Do we need to define COT sharing when no LBT is used for channel access?”

	Charter Communications
	We understand the motivation here, but in RAN1#102-e agreements the notion of channel occupancy also covers the no-LBT case (“For gNB/UE to initiate a channel occupancy, both channel access with LBT mechanism(s) and a channel access mechanism without LBT are supported.”) So a more consistent phrasing would be: 
There is no restriction on COT sharing when a channel occupancy is initiated without LBT.


	Intel
	Similarly as the previous proposal, we believe that with the am to harmonize the specification the concept of COT sharing could be also defined when both gNb and all its associated Ues are operating without LBT, but in this context the COT sharing mechanism loses its meaning.

	Huawei/HiSilicon
	We think it should first be clarified that 1) whether or not it is allowed to have a mixture of LBT/No-LBT in a system (one pair of initiating/responding pair with LBT and one initiating/responding pair with No-LBT); and 2) How dynamic LBT can switch to/from No-LBT for an initiating/responding device pair.
For instance, if the mixture of LBT/No-LBT is allowed, then COT sharing may need to be defined between the (gNB, UE(s)) pair that communicate without LBT to facilitate a fair channel access for the “LBT pair”.

	Qualcomm
	When no LBT is applied, a node does not need to do per transmission burst(s) channel access. Therefore we don’t need COT. If a node does not perform channel access to win a COT, it has nothing to share.

	CATT
	Agree

	NTT DOCOMO
	Support in general. Charter Communication’s suggested modification would also be fine. 

	Samsung
	OK with the conclusion. 

	ZTE, Sanechips
	
Agree this conclusion, but need to further confirm what is the length of transmission for a transmission for a gNB/UE if No LBT is used, is it still 584us?


	Lenovo,
Motorola
Mobility
	Agree with the conclusion

	Apple
	Agree

	Ericsson
	“COT” and “COT sharing” is a concept that is only applicable when LBT is being used. The whole idea is to allow the responding device to perform a faster/shorter LBT procedure if its transmission falls within the initiated COT for which full LBT was performed. 

Going back to 37.213, it defines the following: 
-	A channel occupancy refers to transmission(s) on channel(s) by eNB/gNB/UE(s) after performing the corresponding channel access procedures in this clause.
-	A Channel Occupancy Time refers to the total time for which eNB/gNB/UE and any eNB/gNB/UE(s) sharing the channel occupancy perform transmission(s) on a channel after an eNB/gNB/UE performs the corresponding channel access procedures described in this clause. For determining a Channel Occupancy Time, if a transmission gap is less than or equal to , the gap duration is counted in the channel occupancy time. A channel occupancy time can be shared for transmission between an eNB/gNB and the corresponding UE(s).

I don’t think it is contradicting to say that COT/MCOT are not applicable for the no LBT case. Since by definition, COT refers to the total time after performing “the channel access procedure, i.e. LBT”




Summary of discussion:
Possible Conclusion (with updated text)
There is no COT sharing when a channel occupancy is not initiated with LBT
· Support: Vivo, FW, Charter, Qualcomm, CATT, DCM, Samsung, Lenovo, Apple, Ericsson, LG, SPRD, ZTE, Sanechips, Sony, Oppo, Xiaomi, Nokia, Nokia Shanghai Bell

Please provide additional view
	Company
	View

	OPPO
	Support.

	Xiaomi
	Agree with the updated proposal.

	LG
	Support the updated proposal.

	Spreadtrum
	Agree with the updated proposal.

	ZTE, Sanechips
	Support the updated proposal.

	Apple
	Agree

	Sony
	Agree with the updated proposal.

	Nokia, NSB
	Agree

	Huawei/HiSilicon
	As we mentioned in our earlier comment, the exact implication of such a conclusion should be clarified. In particular, at this point, we cannot agree that the above conclusion to be used as a pretext to exclude the scenarios where, for instance, gNB sends an UL grant using a narrow beam without any LBT but UE needs to perform LBT before PUSCH transmission (for instance because UE has a wider beam than gNB). If LBT at the receiver is successful, UE sends the PUSCH to the gNB. Subsequently, a COT is initiated between gNB and UE wherein both UE and gNB can share the COT to send their transmission. 
Further, it should be clarified that although COT sharing concept may not be introduced, MCOT may still need to be introduced for the sake of co-existence with the LBT network. 
We propose the following alternative:

Possible Conclusion:
COT sharing is not introduced when LBT is used neither at the transmitter nor the receiver (if Receiver-side LBT is supported) to initiate channel occupancy.
· Note: In the above case, the possible introduction of MCOT for the purpose of a fair co-existence with a LBT network can be discussed further during normative work.




The EN 302 567 does not explicitly define the gap allowed for COT sharing. Shall we define maximum gap or allow any gap with the COT

Discussion point:
For COT sharing from an initiating node performed LBT to responding device without performing LBT, do we need to define a maximum gap between the initiating node transmission and responding node transmission?
	Company
	View

	Ericsson
	No. such restriction is not required by EN 302 567 and there is no coexistence issue. As long as there is no evidence that there is an issue to resolve, we do not accept adding those restrictions.
Besides, the gap is any way restricted since, unlike 5GHz, all the gaps are counted as part of the COT. Hence, a gap can never exceed 5ms. 

	Huawei/HiSilicon
	We do not see a compelling reason to define a maximum gap within COT. 

	LG
	The definition of the gap allowed for COT sharing without LBT can be discussed together with the type of channel access procedures (e.g., Type 2A/2B/2C in Rel-16 NR-U) even the restrictions are not specified in EN 302 567. 

	Nokia, NSB
	No need to define such gap.

	Vivo
	Maximum gap definition without LBT is not necessary. Any gap is applicable since the regulation does not have any restriction on this. 
“An equipment (initiating or not initiating transmission), upon correct reception of a packet which was intended for this equipment, can skip the CCA Check, and immediately proceed with the transmission in response to received frames. A consecutive sequence of transmissions by the equipment, without a new CCA Check, shall not exceed the  5 ms Channel Occupancy Time as defined in step 5) above”

	Futurewei
	The maximum gap definition is not necessary. 

	Charter Communications
	Any such maximum gap limit should be motivated based on simulation evidence.

	Intel
	In case LBT is not used by both the gNB and all its associated Ues, the concept of gap is not needed. 

	Qualcomm
	We prefer not to introduce a maximum gap.

	CATT
	The maximum gap is not needed without LBT

	NTT DOCOMO
	As far as no such restriction in the regulation, the necessity is questionable to us. 

	Samsung
	No, since it is not required by regulation. 

	ZTE, Sanechips
	If the maximum gap is not defined, whether it means the responding device can transmit immediately after initiating device transmission ends, or it can any gap length between the initiating node transmission and responding node transmission even if gap is enough large so that the channel is lost.

	Lenovo,
Motorola
Mobility
	We are open to discussion if there is need for defining maximum gap for COT sharing.

	Apple
	There are three scenarios:

· scenario 1: For scenarios where both devices are in no-LBT mode, there is no concept of a COT. Mechanisms such at ATPC or DFS should be limiting interference (addressed by the conclusion above)
· scenario 2: For scenarios where the initiating device is in LBT mode and shares its COT with a responding device without LBT, there should be no maximum gap for the responding device (current question). 
· scenario 3: For scenarios where both devices are in LBT mode, a maximum gap should be set only if there is a performance benefit from introducing the gap.  If none, there should be no gap.
Summary: No maximum gap.



Summary of discussion:
For COT sharing from an initiating node performed LBT to responding device without performing LBT, do we need to define a maximum gap between the initiating node transmission and responding node transmission?
· No: Ericsson, HW, Nokia, Vivo, FW, Charter, Qualcomm, CATT, DCM, Samsung, Apple, SPRD, Lenovo, Motorola Mobility, Sony, Xiaomi, Nokia, Nokia Shanghai Bell
· Further discussion: LG,  ZTE, Oppo

Please provide additional view
	Company
	View

	OPPO
	Further discussion. For example, at least a gap for UL transmission by considering Rx-Tx switching time at UE side should be considered.

	Xiaomi
	Not necessary to define this gap.

	Spreadtrum
	No. there is no restriction on maximum gap in the regulation.

	Lenovo, MotorolaMobility
	Considering the support from companies that it is not needed to define a maximum gap, we   are okay to agree to not support the maximum gap.

	Sony
	We think it is not necessary to define the maximum gap.

	Nokia, NSB
	We see no need to define such a limit.




Discussion point:
Shall we introduce Cat 2 LBT for 60GHz band for responding device in COT sharing and/or initiating device transmits another burst in its own COT. If yes, how to define Cat 2 LBT.
	Company
	View

	Ericsson
	No. 
EN 302 567 all transmissions within the COT (responding or initiating device) to be transmitted without any LBT. As long as there is no evidence that there is an issue to resolve, we do not accept complicating the procedure.  


	Huawei/HiSilicon
	Not supportive. We don’t see any necessity to define Cat 2 LBT within COT. 

	LG
	The introduction of Cat-2 LBT for COT sharing can be discussed and the initiating device can transmit other transmission in its own COT by supporting multiple switching points when the conditions such as the gap is met. For the definition of Cat-2 LBT, the Type 2 channel access procedure in Rel-16 NR-U can be reused with possible modifications to the parameters.

	Nokia, NSB
	We see no need for this as EN 302 567 does not mandate this (and other HS’s do not even require LBT)

	vivo
	Follow the regulation in EN 302 567, no need.

	Futurewei
	Not necessary. 

	Charter Communications
	Same view as E//, Nok, vivo, etc

	Intel
	Our view is that in the context of COT sharing, the introduction of a single shot LBT may be beneficial, and could be composed by a 8us measurement period, within which either one or two measurement windows could be defined.

	Huawei/HiSilicon2
	To further clarify our earlier view, Cat2 LBT at the responding device is not necessary only when COT has already been acquired using transmitter side LBT only and the responding device is transmitting data to the initiating device. 
In the case of receiver-assisted LBT or receiver-only LBT, COT may be acquired by the initiating device and RTS-like signal is sent to the responding device. Then, the responding device may need to perform Cat 2 or Cat 4 LBT within the acquired COT before sending the CTS-like signal to the initiating device.

	Qualcomm
	We think in some cases, cat 2 LBT can be helpful under hidden node scenario. Cat 2 LBT should be defined, but gNB should control if it is used for not for COT sharing

	CATT
	Not support

	NTT DOCOMO
	As far as no such restriction in the regulation, the necessity is questionable to us. 

	Samsung
	It can be further discussed. Although it’s not required by regulation, since it’s there in LBT framework for Rel-16 NR-U, carrying over this concept may ease specification impact. 

	ZTE,Sanechips
	Share same views with HW and Qualcomm	

	Lenovo,
Motorola
Mobility
	Yes, we should consider CAT2 LBT for 60GHz as the initiating device might transmit multiple bursts on multiple beams, if directional LBT is adopted

	Apple
	From EN 302 567, we have the following relevant clauses:

“The UUT is allowed to respond to transmissions of the companion device and the channel occupancy time shall be less than or equal to the maximum channel occupancy time on the current operating channel.”

 “An equipment (initiating or not initiating transmission), upon correct reception of a packet which was intended for this equipment, can skip the CCA Check, and immediately proceed with the transmission in response to received frames. A consecutive sequence of transmissions by the equipment, without a new CCA Check, shall not exceed the  5 ms Channel Occupancy Time as defined in step 5) above.”

 From the statements above, a consecutive sequence of transmissions is allowed but the term “immediately” is used. The meaning of the word “immediately” should be discussed in the context of the question. 



Summary of discussion:
When LBT is used, shall we introduce Cat 2 LBT for responding device in COT sharing and/or initiating device transmits another burst in its own COT. If yes, how to define Cat 2 LBT.
· Yes: LG, Intel (8us), HW (rx assisted LBT), Qualcomm, Samsung, ZTE, Lenovo, SPRD, Sony, Oppo, Xiaomi
· No: Ericsson, HW (except rx assisted LBT), Nokia, Nokia Shanghai Bell, Vivo, FW, Charter, CATT, DCM

Please provide additional view:
	Company
	View

	OPPO
	Yes.

	Xiaomi
	Prefer to introduce Cat 2 LBT for responding device in COT sharing

	Spreadtrum
	Yes, at least Cat 2 LBT performed by the responding device is beneficial in the hidden node scenario.

	Sony
	Yes, at least Cat 2 LBT for responding device in COT sharing would be useful for the hidden node scenario.

	Ericsson
	 For channel access proposals that go beyond what the HS requires, we would like to see evidence that those features are essentially needed for coexistence or other purposes. It is not acceptable to re-specify the 5GHz channel access procedure in 60GHz, just because it existed. 

	Nokia, NSB
	Clearly the ETSI 302 567 does not mandate this, and hence there is no clear need to define this in 3GPP either. The evaluations we’ve seen so far are also not encouraging the use of LBT, as it seems to more often result in Tput losses than gain.

	Huawei/HiSilicon
	A LBT is required at the receiver in the case of Receiver-assisted LBT. 
As a sidenote, it may be more practical to postpone discussing this issue after reaching an agreement on whether or not receiver-assisted LBT is supported. 





Discussion point:
For COT sharing with LBT at responding device, do we need to define a maximum gap?
	Company
	View

	Ericsson
	We do not support LBT at responding device

	Huawei/HiSilion
	The discussion point is not very clear for us. It needs to be clarified which of the following scenarios (or any other scenario) is concerned in the question:
1- COT is acquired after a successful receiver assisted LBT (e.g., RTS/CTS-like mechanism) and is shared between the initiating device and the responding device.
2- COT is acquired by the initiating device and shared with a responding device. The responding device performs LBT during the COT before transmission.

If the intention is 1 above, we don’t see any reason defining a maximum gap. 
If the intention is 2 above, we do not support LBT by the responding device during the COT. 

	LG
	The definition of the gap allowed for COT sharing with LBT can be also discussed together with the type of channel access procedures (e.g., Type 2A/2B/2C in Rel-16 NR-U) even the restrictions are not specified in EN 302 567.

	Nokia, NSB
	As said above, we see no need for Cat 2 for the responding device

	vivo
	Our understanding is that any transmission within the COT can proceed immediately if COT sharing.

	Futurewei
	This is a re-phrase of a previous question. There is no need to define a maximum gap based on ETSI regulations.

	Charter Communications
	Same view as vivo

	Intel
	Given that per regulation no LBT is actually needed for a responding device, but performing an additional interference measurement during a COT may be beneficial under highly contended medium, a minimum observation time of 8us could be used as a maximum gap. 

	Qualcomm
	We don’t think a maximum gap is needed.   Note that the key use case to consider while working with COT sharing is the sharing of the COT from UL to DL – helping gNB win the medium. 

	CATT
	We don’t support COT sharing with LBT at responding device

	NTT DOCOMO
	As far as no such restriction in the regulation, the necessity is questionable to us. 

	Samsung
	No need to have the limitation. 

	ZTE, Sanechips
	If LBT is supported for responding device, our understanding is at least the time gap to perform LBT procedure should be defined/reserved.

	Apple
	Re-phrase of the last-but-one question. (1) only valid if the responding device performs LBT (2) should be introduced only if there is a performance benefit.



Summary of discussion:
For COT sharing with LBT at responding device (if supported), do we need to define a maximum gap?
· No LBT at responding device in the beginning: Ericsson, Nokia, Vivo, Charter, CATT, DCM
· No gap limit: FW, Qualcomm, DCM, Samsung, Apple, SPRD, Sony
· Yes: Intel (8us), ZTE, Xiaomi
· Discuss further: LG, Lenovo, Motorola Mobility, Oppo, HW
This certainly depends on the previous discussion. Please provide additional view
	Company
	View

	NTT DOCOMO
	Our view is more similar to the 1st bullet, which is reflected above. 

	OPPO
	If RAN1 can confirm that for COT sharing, a responding device can start LBT to share the initiated COT from anywhere in the COT, then the gap is not needed. But if RAN1 cannot confirm this, gap needs to be discussed.

	Xiaomi
	Prefer to define this gap, but also agree with LG to discuss further

	Spreadtrum
	No need to have a limitation on maximum gap.

	Lenovo,Motorola Mobility
	Agree with LG that it can be further discussed

	Sony
	We think LBT is supported but definition of a maximum gap is not necessary.

	Huawei/HiSilicon
	Based on the GTW discussions so far, we actually think we need to further clarify the ntention of this proposal (as pointed out in our first round of comments, the intention of the proposal is not very clear). When we say “For COT sharing with LBT at responding device (if supported)”, are we talking about the Receiver-assisted mechanism, wherein a LBT is used at the responding device before the first PDSCH or PUSCH communication or are we talking about the scenario that COT is already acquired, the initiating device has already sent its first shared channel and the responding device performs a, for instance, CAT2 LBT within the COT before its response (similar to Rel-16 NR-U mechanism)? 




Discussion point:
Should ED threshold be a function of LBT bandwidth
	Company
	View

	Ericsson 
	ETSI BRAN EN 302 567 has been recently updated. The updates included changes related to the LBT procedures (CW, MCOT, etc..) but yet the ED threshold was not changed to reflect the LBT bandwidth. 

	Huawei/HiSilicon
	Yes. One reason is that if two operators with different BWs interfere with each other, the one with a higher BW is in disadvantage if the EDT does not depend on the LBT bandwidth. 

	LG
	It is necessary to enhance the method of determining the ED threshold with consideration of the maximum output power and the unit LBT bandwidth applied in NR for the fair coexistence with the incumbent system (e.g., WiGig).

	Nokia, NSB
	We are open to study this further once the channelization becomes more clear. ED threshold adaptation should be standardized only if meaningful benefits are shown. 

	Vivo
	The ED threshold for different LBT bandwidth can be further studied.

	Futurewei
	The PSD depends on the bandwidth therefore ED threshold should be adjusted accordingly.

	Charter Communications
	Open to study this further.

	Intel
	Our view is that to allow fair coexistence among systems operating with different bandwidths, the ED threshold calculation shall account not only for the maximum output power, but also at least for the bandwidth used. In this matter, we would like to highlight that the ETSI BRAN provides some minimum requirements that should be met for compliance, but does not mandate or restrict us from supporting additional features as long as those minimum requirements are met and those features help improving the performance of the system.

	Qualcomm
	Yes.  It can be studied further whether such mechanism can be used to encourage or discourage narrow/wideband interference.

	CATT 
	Yes.  It can be further studied

	NTT DOCOMO
	Open to discuss further

	Samsung
	Yes, similar principle as Rel-16 NR-U should be applied. 

	ZTE, Sanechips
	Yes, ED threshold consider the impact of different Bandwidth

	Apple
	Yes, for coexistence between NR deployments of different BWs and for different RATs.



Summary of discussion
Should ED threshold be a function of LBT bandwidth
· Yes: Ericsson(?), HW, LG, FW, Intel, Samsung, ZTE, Apple, Sony
· Further study: Nokia, Vivo, Charter, Qualcomm, Charter, DCM, SPRD, Lenovo, Motorola Mobility, Oppo, Xiaomi, 

Please provide additional view
	Company
	View

	NTT DOCOMO
	It could depend on the detailed definition on LBT BW. 

	OPPO
	Open to study further. But it seems reasonable to make ED threshold as a function of LBT bandwidth or transmit power.

	Xiaomi
	Agree to discuss further

	LG
	In addition to LBT bandwidth, the ED threshold can be a function of transmit power.

	Spreadtrum
	Agree to further study

	Lenovo, MotorolaMobility
	Agree to further study

	Sony
	Yes, ED threshold should depend on LBT bandwidth if multiple LBT bandwidths are supported.

	Huawei/HiSilicon
	Yes. One reason is that if two operators with different BWs interfere with each other, the one with a higher BW is in disadvantage if the EDT does not depend on the LBT bandwidth.



2nd round discussion
On shall we define a maximum COT even for no-LBT mode, there are proposals to also apply MCOT even if no-LBT mode is used when regulation allows for coexistence purpose, while majority view is MCOT only applies when LBT is performed. Moderator suggest to capture both options in the TR and continue discussion in work item phase.
FL proposal: Capture the following in TR
At least for the case the COT is initiated with an LBT, the maximum channel occupancy time restriction applies. It can be further discussed when specifications are developed if a maximum channel occupancy time restriction applies if no-LBT mode is used for transmission.
	Company
	View

	Docomo
	We support FL proposal. 

	LG
	Support FL proposal.

	Spreadtrum
	We support FL’s proposal

	Xiaomi
	Support FL proposal.

	ZTE, Sanechips
	Agree FL proposal.

	Lenovo, Motorola Mobility
	Agree with FL’s proposal

	Ericsson
	We propose the following rewording: 
It can be further discussed when specifications are developed if the same a maximum channel occupancy time restriction applies if no-LBT mode is used for transmission.


	Apple
	We are fine with Ericsson’s update to the proposal. 

	CATT
	Agree with moderator’s proposal

	Convida Wireless
	Agree with FL’s proposal

	vivo
	OK with moderator’s proposal

	Huawei/HiSilicon
	We prefer Ericsson’s above rewording. 

	Intel
	We agree with the FL’s proposal. We are also fine with Ericsson’s rewording.



On COT sharing, we seem to have consensus on the following
Possible Conclusion 
There is no COT sharing when a channel occupancy is not initiated with LBT
· Support: Vivo, FW, Charter, Qualcomm, CATT, DCM, Samsung, Lenovo, Apple, Ericsson, LG, SPRD, ZTE, Sanechips, Sony, Oppo, Xiaomi, Nokia, Nokia Shanghai Bell, Convida Wireless
	Company
	View

	Docomo
	We support above, as described by FL already. 

	LG
	Support FL proposal.

	Spreadtrum
	We support FL’s proposal

	ZTE, Sanechips
	Agree FL proposal.

	Lenovo, Motorola Mobility
	Agree with FL’s proposal

	Ericsson
	we do not see the need for this proposal

	Apple
	Agree with proposal

	CATT
	Agree with moderator’s proposal

	Convida Wireless
	Agree with FL’s proposal

	vivo
	OK with moderator’s proposal

	Huawei/HiSilicon
	As we mentioned in our earlier comment, the exact implication of such a conclusion should be clarified. To explain more, consider the following procedure wherein LBT is done only at the receiver:
1- gNB sends the RTS to UE without LBT.
2- After receiving RTS, UE performs LBT and upon successful LBT procedure, sends a CTS-like message to the gNB.
3- gNB sends data to the UE after receiving the CTS-like message.
Some companies may consider that channel occupancy is already initiated at step 1 and since there is no LBT at step 1, if the above possible conclusion is agreed, the concept of COT sharing between gNB and UE should not be introduced. Our view is that there should be both MCOT and COT sharing mechanism between gNB and UE after the successful LBT procedure in step 2. In other words, above possible conclusion may be interpreted to be at odds with channel access mechanisms based on LBT at the receiver side only. Since, we have not decided yet to whether or not support receiver-assisted LBT (or its special case, Receiver-only LBT), we would like to suggest the above wording to avoid confusion later on. 
Possible Conclusion:
COT sharing is not introduced when LBT is used neither at the transmitter nor the receiver (if Receiver-side LBT is supported) to initiate channel occupancy.
Note: In the above case, the possible introduction of MCOT for the purpose of a fair co-existence with a LBT network can be discussed further during normative work.

	Intel
	We are OK with the FL’s proposal



On the need for Cat 2 LBT (one shot LBT) for responding device to share an initiating device’s COT, there is no consensus. There is also no consensus on if a maximum gap needs to be introduced between initiating device and responding device transmissions if LBT is introduced. Moderator suggests we continue discussion in work item phase.
FL proposal 1: Capture the following in TR
When LBT mode is used, it can be further discussed when specifications are developed if a responding device should use a Cat 2 LBT to share the COT, and if yes, how to define the Cat 2 LBT and if a maximum gap is to be introduced between the initiating device and responding device transmissions.
	Company
	View

	Docomo
	Although our view is no need to have Cat 2 LBT (one shot LBT) for responding device to share an initiating device’s COT because of no relevant restriction in BRAN, we support FL’s proposal above at this moment. 

	LG
	Support FL proposal.

	Spreadtrum
	We support FL’s proposal

	ZTE, Sanechips
	Agree FL proposal.

	Lenovo, Motorola Mobility
	Agree with FL’s proposal

	Ericsson
	Although we do not see the need for any of this, we are fine with capturing the proposal

	Apple
	Agree with FL’s proposal

	CATT
	OK with moderator’s proposal

	Convida Wireless
	We are fine with FL’s proposal.

	vivo
	OK with moderator’s proposal

	Huawei/HiSilicon
	Agree with the proposal.

	Intel
	We are OK with the FL’s proposal

	Samsung
	We are OK with the proposal. One side comment, we saw comment regarding removing “when specifications are developed”, and we are OK with either keeping it or removing it, but it should be consistent for all proposals. 



On ED threshold as a function of bandwidth, though there is no company against it, consider this is related or depends on the channel bandwidth discussion, moderator suggests we further discuss it in work item phase
FL proposal 2: Capture the following in TR
It can be further discussed when specifications are developed if and how the ED threshold provided by the ETSI BRAN 302 567 should be modified to account for aspects such as transmit power, LBT bandwidth, beamforming gain, etc
	Company
	View

	Docomo
	We support FL proposal. If agreeable, we would like to suggest the following modification as we are a bit wondering if the scope of ED threshold should be limited within LBT BW or not. 
It can be further discussed when specifications are developed if and how ED threshold depends on the aspects other than Pout (i.e. RF output power)LBT bandwidth.

	LG
	As we mentioned in the previous discussion, we think that the ED threshold can be a function of transmit power in addition to LBT bandwidth.

	Spreadtrum
	We support FL’s proposal

	ZTE, Sanechips
	Agree FL proposal.

	Lenovo, Motorola Mobility
	Agree with FL’s proposal

	Ericsson
	Ok with the proposal. 

	Apple
	Agree with proposal

	CATT
	OK with the proposal

	Convida Wireless
	We are fine with FL’s proposal.

	vivo
	OK with moderator’s proposal

	Huawei/HiSilicon
	OK

	Futurewei
	We suggest replacing “it can be further discussed when specifications are developed” with “it should be further discussed”.

	Intel
	As mentioned in previous discussion, the ED threshold should also account for other aspects, such as transmit power, bandwidth and beamforming gain. Therefore, we would prefer to modify the text proposed by the FL as follows:

It can be further discussed when specifications are developed if and how the ED threshold provided by the ETSI BRAN 302 567 should be modified to account for aspects such as transmit power, LBT bandwidth, beamforming gain, etc depends on the LBT bandwidth.


	LG
	We share the same view with Intel. Since the ED threshold can be a function of transmit power and LBT bandwidth, etc, these aspects should be considered for modifying the ED threshold provided by the ETSI BRAN 302 567.

	Samsung
	We are OK with the proposal. 

	Intel
	We are fine with the proposal, but perhaps the language could be even further improved since this could read as 3GPP would change the ED threshold in the ETSI BRAN 302 567. Therefore, the proposal could be further rephrased as follows:

It can be further discussed when specifications are developed if and how the ED threshold calculated based on the formula provided by the ETSI BRAN 302 567 should be modified to account for aspects such as transmit power, LBT bandwidth, beamforming gain, etc 


	LG
	We are fine with the proposal updated by Intel.

	ZTE, Sanechips
	We basically agree with the proposal 2 with Intel’s modification. further, in addition to the aspects have mentioned here, we think another factor still needs to be considered such as coexistence environment, that is, whether the absence of any other technology sharing the channel can be guaranteed on a long-term basis.



CET and short control signalling
Short Control Signalling with CET
	Company
	Key Proposals/Observations/Positions

	Ericsson
	Proposal 2. When operating with LBT, a node can access the channel for up to 10% without LBT for control signal/channel transmission(s)

	Apple
	For LBT channel access, non-LBT transmission for specific channels (e.g. SSB) can occur in at most 10% of 100 msec.

	Nokia
	Proposal 6: LBT procedure for 60 GHz band supports channel access without channel sensing for UE responding within a gNB initiated shared COT. 
Proposal 7: Support LBT exempt transmissions for SSBs and other reference signals critical for cell operation.
Proposal 8: Support LBT exempt UL transmissions with a low Tx power (e.g. 10 dBm or less) and with a certain minimum beamforming gain for better support of low latency PRACH, SR or CG-PUSCH


Discussion
Discussion point:
Shall we support short control signalling based contention exempt transmission in 60GHz band?
· Any restriction to the transmission, on duty cycle (10%?), content (control signalling only? SSBs? CSI-RS?), TX power
	Company
	View

	Ericsson
	Yes. Since there is no coexistence issue in majority of the scenarios, we think it is beneficial to assume that control signals (especially SSB and PRACH) can be send without performing LBT up to 10% of the time.  Even if LBT is performed, it will rarely fail. We do not see the need to support any channel design changes to cope with the LBT procedure, if we know that LBT will rarely make difference. 


	Huawei/HiSilicon
	We can accept such an exemption as long as the following conditions are met:
1- The exempted signal/channel has a low duty cycle. 10% can be a reasonable choice. However, it should be clarified the x% duty cycle only accounts for the amount of signal outside of COT or also includes the amount of signal inside COT. 
2- The exempted signal/channel is unicast and not broadcast so it has a small “interference footprint” (e.g., only UCI or unicast DCI). 

	LG
	The contention exempt for short control signalling can be considered based on the requirements described in EN 302 567. The type of short control signals (e.g., SSB, CSI-RS) and the requirements (e.g., TX power) for the transmission without contention can be determined through further discussion.

	Nokia, NSB
	Yes, we should plan for that. ETSI BRAN is expected to update EN 302 567 in this respect, and the NR-U design should make use of the allowance.

	Vivo
	Some clarifications are needed.
1, what is a duty cycle? A COT or a constant time?
2, the restriction applies only to the short control signalling outside the COT or also inside a COT?
3. Shall we update the regulation regarding the short control signalling? Since there is no short control signalling in EN 302 567 now.

	Futurewei
	Same as Vivo mentioned. How a duty cycle is defined? It is not clear.  Is it 10% of a COT duration or 10% of MCOT?    How short the short control transmissions need to be? More details are necessary. In principle we are OK of having contention exempt transmissions.

	Intel
	From a close look to EN 302 567, we believe that the ETSI BRAN does not support or hint for any short control signalling exemption. The text that many companies are referring to (which is copied below) describes the test conditions for the adaptivity mechanisms, but does not dictate or indicates the channel sensing mechanism itself, which is only described in Sec. 4.2.5, where no concept of short control signalling is defined. Note that the duty cycle of 10% is only introduced in Sec. 5.3.8 as part of the test conditions and refers to the time synchronization and beam forming frames transmissions as part of a specific measurement setting. 
 
Step 4:	Verification of reaction to the interference signal
The analyser shall be used to monitor the transmissions of the UUT and the companion device on the selected peration channel after the interference signal was injected. This may require the analyser sweep to be triggered by the start of the interfering signal.
Using the procedure defined in clause 5.3.8.3, it shall be verified that:
a)	The UUT stops transmissions on the current operating channel within a period equal to the maximum Channel Occupancy Time defined in clause 4.2.5.3. The UUT is allowed to respond to transmissions of the companion device and the channel occupancy time shall be less than or equal to the maximum channel occupancy time on the current operating channel.
b)	Apart from transmission of the frames for short control signalling (such as, for example, ACK/NACK signals, beacon frames, other time synchronization frames and frames for beamforming) no frame shall be initiated.
c)	The time synchronization and beam forming frames transmissions shall be less than or equal to 10 % within an observation period of 100 ms.
d)	On removal of the interference signal the UUT may start transmissions again on this channel. However, this is not a requirement and, therefore, does not require testing.


	Qualcomm
	Yes. Short control signalling is helpful. This can be used for DRS and control only transmission. The duty cycle should be limited to 10% per regulation.  Our understanding is that the duty cycle for short control signalling is measured outside  of COTs won by contention for data transmission, and is measured over a time-window much longer than MCOT. 
We don’t think TX power restriction is needed.

	CATT
	Short control signal is useful.  

	NTT DOCOMO
	We are ok to consider short control signalling based contention exempt transmission. Restrictions need to be studied further, if supported. 

	Samsung
	Can support such feature as long as regulation is satisfied. 

	ZTE, Sanechips
	Firstly, short control signalling has not been explicitly specified in EN 302 567, So if supported, suggest to revise the current EN 302 567 first before discussing how to support short control signalling. And more detailed designs can be left to WI phase.

	Lenovo,Motorola
Mobility
	We don’t see a need to exclude such short control signaling at this point. There should certainly be restrictions on the duty cycle and content, but these could be part of the WI discussion.

	Apple
	Yes, there should be an allowance for short control signaling based on the 10% rule defined in the ETSI standard. We may want to restrict this to SSBs, maybe CSI-RS, PTRS but no data only transmissions. Note that if there is a transmission of short control signaling, other information may be FDMed if resources as available.  BTW, the proposal should be 10% of a 100 msec burst and not 10% of the COT.
The restriction applies to short control signaling outside the COT only.
The specific Short Control signals allowed needs to be defined.



Summary of discussion
Shall we support short control signalling based contention exempt transmission in 60GHz band? If yes, any restriction to the transmission, such as, on duty cycle (say 10% of the air time measured over a relatively long period of time, say 100ms), content (control signalling only? SSBs? CSI-RS?), TX power
Yes: Ericsson, HW (conditional on duty cycle and content), LG, Nokia, Qualcomm, CATT, DCM, Samsung, Lenovo, Apple, SPRD, Sony, Xiaomi
No: Intel
Further study: Vivo, FW, ZTE, Oppo
Please provide additional view
	Company
	View

	OPPO
	Open to study. Propose to have a common understanding of EN 302 567 first.  Intel’s cited text should be controversy point.  

	Xiaomi
	Support short control signalling based contention exempt transmission in 60GHz band.

	Spreadtrum
	We support short control signalling based contention exempt transmission in 60GHz band.

	Sony
	Short control signalling would be beneficial. At least the limitation of 10% duty cycle should be considered as defined in EN 302 567. Other limitations such as content and Tx power is further studied.

	Nokia, NSB
	Our understanding on the status of this discussion in ETSI is that they intend to specify (or rather clarify) the support for short control signaling

	Huawei/HiSilicon
	Our support for exemption is conditioned on the content and duty cycle. We only support this proposal if the following two conditions hold:
1- The exempted signal/channel has a low duty cycle. 10% can be a reasonable choice. 
2- The exempted signal/channel is unicast and not broadcast so it has a small “interference footprint” (e.g., only UCI or unicast DCI).
We cannot support this proposal if the exemption is agreed in general while the discussion on the exempted content and duty cycle is relegated to WI. We support this proposal as a package, that is, if the content and the duty cycle are also agreed. 



Discussion point:
If we support short control signalling based transmission, do we apply Cat 2 LBT or Cat 1 LBT?
	Company
	View

	Ericsson
	Can be performed without LBT as allowed by EN 302 567 (we prefer to avoid referring to CAT1 here since cat1 as specified for 5GHz has certain restrictions and requirements that are not applicable here)

	Huawei/HiSilicon
	If the exempted signal has a low duty cycle and is unicast, Cat 1 LBT seems to be sufficient.

	Nokia, NSB
	LBT is not required for Short Control Signaling transmissions. 

	Vivo
	If short control signalling based transmission is supported, Cat 1 LBT should be applied.

	Futurewei
	It depends on the definition of “short signalling”. In principle, we would prefer for shorter signalling shorter or no LBT. The actual CAT should be left to gNB decision and configuration based on deployment scenarios and traffic situations.

	Intel
	Please refer to the reply above.

	Qualcomm
	Either no LBT, or relaxed LBT requirement. An example for the relaxed LBT requirement is a pseudo-omni LBT for multi-beam sweeping transmission like DRS.

	CATT
	No LBT for short control signals

	Samsung
	Simply follow the regulation. 

	ZTE,Sanechips
	Suggest to revise the current EN 302 567 first before discussing how to support short control signalling. And more detailed designs can be left to WI phase.

	Lenovo,Motorola
Mobility
	We assume that no LBT can be used provided that sufficient limits like duty cycle and content are agreed.

	Apple
	No

	Sony
	Cat 1 LBT



Summary of discussion:
If short control signalling based transmission is supported, do we apply Cat 2 LBT or Cat 1 LBT?
· Without LBT: Ericsson, HW, Nokia, Vivo, FW, Qualcomm, CATT, Samsung, Lenovo, Apple, Sony
· Cat 2 LBT: Qualcomm
Since we don’t have any decision on if short control signalling is supported or not, the follow up discussion can wait.

2nd round discussion
When LBT mode is used, on the transmission of short control signalling, it is majority view is to support it. Moderator recommend to try the following
FL proposal 3: 
Support contention exempt transmission based short control signalling transmission in 60GHz band for regions where regulation allows, with potential restriction to the transmission, such as, on duty cycle (air time measured over a relatively long period of time), content, TX power, etc can be further discussed when specifications are developed.
	LG
	We would like to suggest the following modification to the FL proposal:
Support contention exempt transmission based short control signalling transmission in 60GHz band with potential restriction to the transmission, such as, on duty cycle (say 10% of the air time measured over a relatively long period of time, say 100ms), content (eg. Control signalling only, SSBs, CSI-RS, etc), TX power, etc can be further discussed when specifications are developed.

	Spreadtrum
	We support FL’s proposal

	Xiaomi
	Support LG’s update

	ZTE, Sanechips
	Agree FL proposal.
Besides, I am not sure if the requirement on Short control signalling will also be supplemented in EN 302 567 due to it has not been explicitly specified in EN 302 567, while just described in test conditions for the adaptivity mechanisms.


	Lenovo, Motorola Mobility
	Agree with FL’s proposal

	Ericsson
	OK with the proposal. The “say 10%, say 100ms” can be removed for now.

	Apple
	Agree with proposal

	CATT
	OK with the proposal

	vivo
	OK with moderator’s proposal with Ericsson suggested wording of removal

	Huawei/HiSilicon
	In our view, SSB and CSI-RS do not exactly fall in the category of “short control signaling”. Specially, in our view, if we make an exemption for SSB, performing LBT on any other signal or channel is essentially meaningless as SSB (64 different beams that are formed to have as large as possible coverage) has the highest interference profile in the network. 
For now, we are OK to capture the proposal in the TR.


	Futurewei
	Support LG change. In addition, suggest replacing “short control signaling” with “short signaling” to cover other types of signaling. Suggest replacing “can be further discussed when specifications are developed” with “It should be further discussed”

	Intel
	As already commented above from a close look to EN 302 567, we believe that the ETSI BRAN does not support or hint for any short control signalling exemption, and therefore supporting this is not proper. The text that many companies are referring to (which is copied below) describes the test conditions for the adaptivity mechanisms, but does not dictate or indicates the channel sensing mechanism itself, which is only described in Sec. 4.2.5, where no concept of short control signalling is defined. Note that the duty cycle of 10% is only introduced in Sec. 5.3.8 as part of the test conditions and refers to the time synchronization and beam forming frames transmissions as part of a specific measurement setting. 
 
Step 4:	Verification of reaction to the interference signal
The analyser shall be used to monitor the transmissions of the UUT and the companion device on the selected peration channel after the interference signal was injected. This may require the analyser sweep to be triggered by the start of the interfering signal.
Using the procedure defined in clause 5.3.8.3, it shall be verified that:
a)	The UUT stops transmissions on the current operating channel within a period equal to the maximum Channel Occupancy Time defined in clause 4.2.5.3. The UUT is allowed to respond to transmissions of the companion device and the channel occupancy time shall be less than or equal to the maximum channel occupancy time on the current operating channel.
b)	Apart from transmission of the frames for short control signalling (such as, for example, ACK/NACK signals, beacon frames, other time synchronization frames and frames for beamforming) no frame shall be initiated.
c)	The time synchronization and beam forming frames transmissions shall be less than or equal to 10 % within an observation period of 100 ms.
d)	On removal of the interference signal the UUT may start transmissions again on this channel. However, this is not a requirement and, therefore, does not require testing.

	NTT DOCOMO
	We are open with this aspect, but we think Intel raised a valid point. At least the actual availability of short control signalling and contention exempt transmission needs to be clarified further. We should be more careful on how to interpret regulations, like any other aspects. 

	Huawei/HiSilicon
	Since the example of duty cycle is removed , we prefer that the examples of “content” to be removed as well. We suggest the following:

Support contention exempt transmission based short control signalling transmission in 60GHz band for regions where regulation allows. Potential. Additional  restriction to the transmission, such as, on duty cycle (say 10% of the air time measured over a relatively long period of time, say 100ms), content (eg. Control signalling only, SSBs, CSI-RS, etc), TX power, etc can be further discussed when specifications are developed.



	Lenovo, Motorola Mobility
	We are fine with the suggest update from Huawei to FL’s proposal.

	Nokia, NSB
	We support Huawei’s proposal

	LG
	We prefer to suggest the following modification on top of Huawei’s text:
Support contention exempt transmission based short control signalling transmission in 60GHz band for regions where regulation allows with  potential. Additional  restriction to the transmission, such as, on duty cycle (say 10% of the air time measured over a relatively long period of time, say 100ms), content (eg. Control signalling only, SSBs, CSI-RS, etc), TX power, etc can be further discussed when specifications are developed.

	Samsung
	We are in general OK with the proposal. Just one clarification, “short control signalling” is a term with respect to EN 302 567 or a term with respect to 3GPP? If it’s referring to term from EN 302 567, it’s better to have an explicit citation like “as defined in EN 302 567”. If it’s purely 3GPP term, then it is not quite technically correct to describe SSB and CSI-RS as part of “control signalling”, and we agree with Huawei and Futurewei that “control” should be removed. 

	Intel
	As we mentioned in our previous comments, our understanding is that in ETSI BRAN 302 567 allowing contention free transmission for short control signaling is precluded and not allowed. Therefore, if later on we would converge on our same understanding of the ETSI BRAN 302 567, wouldn’t we need to support three modes of operation rather than two, and no LBT mode of operation specifically for control signaling? 
With that said, we are open to further consider studying this feature, and to resume discussion during the WI, but we refrain from supporting this at this stage (until we have a clearer understanding on its implications and of the ETSI BRAN), and therefore we propose to change the language as follows:

Further study whether to Ssupport contention exempt transmission in 60 GHz band based onshort control signalling transmission in 60GHz band for regions where regulation allows.,  with Ppotential restrictions to the transmission, such as, on duty cycle (air time measured over a relatively long period of time), content, TX power, etc can be further discussed when specifications are developed.



	Qualcomm
	Consider the current proposal already cpatuers “for regions where regulation allows”, we believe it should already address Intel’s concern that on the interpretation the short control signaling is not allowed in EN 302 567.

	LG
	If there is a different understanding between the companies on allowing contention exempt transmission for shot control signaling in ETSI BRAN 302 567, we are fine with the direction of the proposal from Intel.

	ZTE, Sanechips
	We have same concern with Intel and it has also been mentioned in our earlier comments. At present, Short control signalling has not allowed and specified in EN 302 567, while just described in test conditions for the adaptivity mechanisms. For this situation, we tend to suggest that ETSI EN 302 567 should first introduce short control signaling into the regulatory requirements, and then 3GPP follows this requirement. So, for this logic perspective, we agree with the updated proposal from Intel.



Directional LBT
	Company
	Key Proposals/Observations/Positions

	FUTUREWEI
	Proposal 9: The study should clarify the definition of “omni-directional LBT” or remove it.


	Lenovo, Motorola Mobility
	Observation 1: For NR unlicensed bands between 52.6 GHz and 71 GHz, for LBT based channel access mechanism, if only omni-directional LBT is supported, then the exposed node problem could result in reduce spatial reuse. 
Observation 2: For NR unlicensed bands between 52.6 GHz and 71 GHz, for LBT based channel access mechanism, if only omni-directional LBT is supported, then the coverage of the beamformed transmissions/receptions could be limited for fair coexistence by having similar range as with omni-directional LBT
Observation 3: For NR unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, if directional LBT is agreed to be supported, then the beam-management and directional LBT procedures are expected to be tightly coupled or inter-dependent. 
Observation 4: For NR unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, if directional LBT is supported, then performing LBT only at the transmitted side may not guarantee an interference-free reception due to hidden nodes to the transmitter

Proposal 1: For NR unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, directional LBT operation at both the gNB and UE should be supported
Proposal 2: For NR unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, if directional (beam-based) LBT operation is agreed to be supported, then the omni-directional LBT procedures and corresponding beam-based transmission and reception procedures specified for unlicensed bands in FR1 in NR Rel-16 should be enhanced to adapt accordingly for facilitating beam-based LBT operation


	Huawei, HiSilicon
	Observation 1: It should be clarified whether antenna gain is counted in the received energy when comparing with the EDT.
Proposal 4: For operation in NR-U-60, the EDT formula adopted from draft v2.1.20 of EN 302 567 as a baseline should be adjusted to account for the beamforming gain of the potential following transmission.
Observation 2: (Quasi-)omni-directional simplifies the implementation and allows for reusing Rel-16 NR-U LBT procedures but could lead to an ‘over protection’ problem and thus reduction of spatial reuse. 
Observation 3: Directional LBT potentially improves the channel access probability and enhances the spatial reuse. However, when performed at the transmitter side, the hidden node problem could be more severe due to limited sensing direction. 
Observation 4: Compared to (quasi)-omni-directional LBT, directional LBT increases complexity and overhead for gNB to serve multiple UEs in different directions. 
Proposal 5：For operation in the 60 GHz band, in regions where LBT is mandated, transmitter side (quasi)-omni-directional LBT and directional LBT should be considered for different scenarios.  
Observation 5：It should be clarified whether antenna gain is counted in the received -side LBT of the receiver-assisted LBT mechanism and provides an efficient tradeoff as it aims at increasing the spatial reuse while mitigating the hidden node issue.

	Xiaomi
	Proposal 1: Directional CCA can increase network efficiency compared to omnidirectional CCA. Directional CCA both at transmitter and receiver side should be studied.


	Vivo
	Proposal 1: If directional LBT is used in 60 GHz band, the CCA energy should be calculated as one specific beamforming direction including beamforming gain.

	Interdigital
	Observation 1: Omni-directional LBT in unlicensed spectrum from 52.6GHz to 71GHz can under-represent interference in the direction of the associated transmission and over-represent interference in other directions.
Observation 2: Dynamic scenarios with some level of mobility increases the likelihood of transmitter-receiver pairs interfering with each other even when using narrowbeams.
Observation 3: Directional LBT provides benefits over no LBT for dynamic scenarios with some level of mobility, while reducing the drawbacks associated with omni-directional LBT.
Proposal 1: Directional LBT is supported for channel access from 52.6GHz to 71GHz.
Proposal 2: A single directional LBT process can be performed on a beam whose parameters are determined from the parameters of the Tx beam of one or more associated transmissions.

	CATT
	Observation 1: The energy detection algorithm of LBT based on the assumption of omni antenna is not feasible for the beamforming based Tx/Rx operation.   
Proposal 6:  The mechanism of LBT enhancement for beamforming operation in 52.6-71 GHz can be studied as follows, 
•	The procedure of directional LBT with same beamwidth of PDCCH/PDSCH.  .
•	The handshake mechanism (e.g. measurement and report) with UE feedback of channel status at the receiver in helping  gNB  in determining the clear channel status.   


	TCL
	Proposal 1: RAN1 shall study channel access mechanisms based on directional LBT.
Proposal 3: RAN1 shall study solutions to mitigate the effect of LBT deafness, beam orthogonality and beam imbalance in order to enable directional LBT at UE side without harming NR-U channel access efficiency.
Proposal 4: RAN1 shall consider the usage of directional LBT at gNB side.


	ATT
	Support of directional LBT


	Nokia, Nokia Shanghai Bell
	Observation 1: Both omnidirectional and directional LBTs need to be considered on the channel access design.
(but prefer gNB implementation to choose which one)
Proposal 10: Beamforming for gNB’s LBT is left for implementation as much as possible and only necessary requirements are specified.
Proposal 11: gNB can serve multiple beams in TDM manner, resulting in transmissions gaps on a beam, within a COT after sensing the channel on the corresponding directions at the beginning of the COT.


	Intel
	Observation 1: Omni-directional LBT may act in many cases overprotectively and may prevent from fully exploiting spatial reuse under highly directional transmissions. This issue may be mitigated through directional LBT. However, directional sensing exacerbates the well-known hidden node issue, and leads to scenarios where the system could suffer from deafness.
Proposal 1: Both directional and omni-directional LBT are supported, and it may be up to the network which LBT to use based on the specific use case and scenario.
Observation 2: Receiver-aided LBT is able to mitigate the issues introduced by directional LBT and offers a mean to better assess the correct level of interference at the receiver
Proposal 2: If directional LBT is supported, a receiver-aided LBT should complement its CCA procedure. FFS: details on how to support this feature.
Proposal 8: When operating in unlicensed 60 GHz band, the ED threshold calculation shall account for the type of LBT mechanism used.


	ZTE, Sanechips
	Observation 2: Compared to omni-directional LBT, directional LBT is beneficial to increase the probability of channel access and the spatial reuse efficiency for NR-U, and the impact on the performance of the existed Wi-Fi system is negligible. 
Proposal 4: Release 17 NR-U should consider supporting different channel access modes for above 52.6 GHz, e.g., directional LBT and No LBT. 


	Ericsson
	Observation 9	The benefit from directional LBT in 60GHz spectrum is not clear.


	LG Electronics
	Proposal #3: If directional CCA procedure with beam based transmission is identified as beneficial, the followings for directional CCA procedure can be considered:
· CCA threshold setting
· Relationship between transmission direction and CCA direction
· Directional LBT for broadcast/unicast transmission
· CWS management

Proposal #5: It should be studied that how to indicate the direction of LBT (e.g., omni-directional LBT or directional LBT) and the type of LBT (e.g., Type 1 or Type 2A/2B/2C channel access procedure in NR-U) when scheduling a UL transmission inside or outside of a channel occupancy.
Proposal #6: It would be beneficial for coexistence that channel occupancy acquired by directional LBT is shared only for DL and UL signals/channels having spatial QCL relationship.


	Spreadtrum Communications
	Proposal 1: The directional LBT should be studied in 60GHz unlicensed band.


	Samsung
	Proposal 5: RAN1 shall study the channel access mechanism with directional channel sensing.
Observation 1: Directional LBT performs better than omni-directional LBT. 
Observation 2: Directional LBT performs better than no LBT in high load case, and performs worse than no LBT in low load case. 
Observation 3: Directional LBT has higher performance gain for 5% tile Ues.

	OPPO
	Proposal 2: the feasibility of directional LBT should be studied. 

	Sony
	Proposal 2: Directional LBT should be supported on 60 GHz unlicensed operation
Proposal 4: Relationship between the sensing beam and transmission beam should be considered if directional LBT is supported. 
· Beam of all transmissions on a COT should be contained within the sensing beam used for acquiring the COT.

	Apple
	Observation 1: The large propagation losses in the 60 GHz range mandate the need for beam-based transmission and the need for LBT schemes that account for these beams.
Proposal 4: RAN1 to support directional LBT in scenarios where LBT is mandated. 


	CAICT
	Proposal 2: The mechanism of CAT2 based directional LBT for DRS and data transmission within a COT could be different.
Proposal 3: The mechanism for CAT4 based directional LBT should be considered and the detail design could be FFS.


	Convida
	Proposal 1: Directional LBT and interference mitigation should be studied.
Proposal 2: Omni-directional LBT and directional LBT should be considered and supported.


	NTT Docomo
	Observation 2: On directivity of LBT, following aspects need to be taken into account:
•	The different sensing area between omni-directional LBT and directional LBT would lead different sensitivity to presence/absence of transmission from surrounding device
	Omni-directional LBT can only detect presence of transmission from surrounding device in proximity but in all directions so that unnecessary LBT failure may happen
	Directional LBT can only detect presence of transmission from surrounding device in the transmission direction
•	Appropriate approach could depend on types of the intended transmission in the acquired channel occupancy.

	ITRI
	Proposal 1: Directional LBT should be supported in R-17 NR-U.


	Potevio
	Proposal 1: For LBT based channel access mechanism in 60GHz unlicensed band, directional LBT combining with receiver-assisted LBT should be studied in comparison to no-LBT based access mechanism.
Proposal 3: For channel access mechanism with directional LBT, simultaneous LBT procedures for different directions should be studied to mitigate the transmission latency and increase channel access probability.



	Qualcomm
	Proposal 2:  Consider the use of antenna gain of sensing beam and transmission beam to determine the suitability of using a given sensing beam in conjunction with another transmission beam. 


Discussion
There is strong support to support or study directional LBT. On the other hand, in mmW system, likely there is no true “omni-directional” LBT in the beginning. When we discuss “directionality” of LBT, we should discuss its relationship with transmission beam.
Discussion point: 
Should 3GPP spec defines the relationship between the LBT beam and the transmission beam or leave it as implementation. For example, should we define something like the LBT beam should “cover” the transmission beam?
	Company
	View

	Ericsson
	EN 302 567 does not define it, neither should 3gpp do that. It can be left to implementation. 

	Huawei/HiSilicon
	3GPP spec should define the relationship between the LBT beam and the transmission beam. 
A relation between the LBT sensing beam and the transmission beam should be defined as simulations results of multiple companies show that directional LBT (at the receiver and/or transmitter) can improve coverage compared to omni-directional LBT. 
From our perspective, an “ideal” directional LBT covers only a spatial continuum of the subsequent transmit beam(s) in the COT while an omni-directional LBT does not have any correspondence with the subsequent transmit beams(s) in the COT and, in particular, may be have a much wider beam width than the spatial continuum of the subsequent transmit beam(s) in the COT.
We understand that one beam covering a spatial continuum of multiple other beams is not defined in 3GPP so far. This is an exercise that seems necessary to do in WI.  

	LG
	We should clarify the meaning of directional LBT and omnidirectional LBT first because the omnidirectional LBT can be seen as just a case of directional LBT. Moreover, we think the transmission beam should have a spatial relation with the LBT beam.

	Nokia, NSB
	To our understanding, although EN 302 567 does not have a related requirement, there is a test case that verifies that: “The UUT may be connected to a companion device during the test. When performing this test of a UUT with directional antenna (such as array antenna system capable of beam-forming), the wanted communication link (between the UUT and the companion device) and the interference signal shall be aligned to the direction corresponding to the UUT’s maximum EIRP.”
One way or another NR-U devices will need to comply with the requirement, but that will likely not affect RAN1 standards (but possibly RAN4). 

	Vivo
	The directional LBT operation should be first discussed, in the case with beam correspondence, without beam correspondence, with a beam “cover” the transmission beams, etc. When we have clear view on the directional LBT, we can further discuss if there is spec impact.


	Futurewei
	We should study and define the relationship between sensing beam for LBT and transmission beam. We should consider the CCA ED adjustment based on the sensing beam and transmission beam imbalance.

	Intel
	We believe that within the specification the relationship between the CCA measurement and the transmission beam should be defined. If no relationship is defined, in theory the listening device can abuse the definition where CCA measurement is performed with null beamforming or in directions where its knows there is severe attenuations (e.g. backside of the panel) and leverage this measurement to transmit. At the very least, there should be some reasonable guides on how CCA measurements are performed to make sure devices are behaving as intended by the system.

	Qualcomm
	We believe some restriction is needed. It does not make sense to allow the node to do LBT to the left and transmit to the right. We should at least require the LBT beam ‘covers’ the transmission beam. The specific detail of how directional sensing and LBT be performed may be suspended to the work item phase. Also note that a directionality in sensing may be accompanied by a change in ED threshold affected by beamforming gain of the sensing unit. Under such adjustment to ED threshold to use, it is crucial to get the notions of directional sensing/LBT right. 

	CATT
	It is very challenged to define the LBT beam since receiver performs maximum ratio combining without prior reference.   The transmission beam is an implementation.  

	NTT DOCOMO
	Whether to support directional LBT should be discussed at first. If supported, we think the relationship between the LBT beam and the transmit beam would be somehow necessary. 

	Samsung
	If the feature is supported, it cannot be fully up to implementation. There should be at least some limitation on the transmission direction and sensing direction, and more aspects can be discussed. 

	ZTE,Sanechips
	We think this issue should be further studied in WI phase. Besides, we think it is necessary to specify the relationship between the LBT beam and the transmission beam in order to evaluate the current channel condition more accurately.


	Lenovo, Motorola
Mobility
	We support directional LBT for NR-U at 60 GHz due to the reasons discussed in our contribution [2]. And if directional LTB LBT is adopted, then the directional LBT and beam-management procedures need to be tightly coupled. Therefore, 3GPP should define the relationship between LBT beam(s) and transmissions/reception (beams). Especially from a UE point of view, it is necessary that it is indicated/configured with a relation between the LBT beam and its RX/TX beam

	Apple
	There is a need to discuss the relationship between directional and “omni-directional
 LBT. Once understood, we can decide if the corresponding CCA ED adjustments should be left to implementation or defined in the specification.  From our understanding, directional-LBT  means listening with the beam (or similar beam) that will be used to transmit. The CCA ED is specific to a beam. Omni-directional LBT (or Quasi-omni) means listening with a beam that covers all possible directional beams (may not be perfectly omni-directional) and the CCA ED is constant for all beams.



Summary of discussion:
Should 3GPP spec defines the relationship between the LBT beam and the transmission beam or leave it as implementation. For example, should we define something like the LBT beam should “cover” the transmission beam?
· Yes: HW, LG, FW, Intel, Qualcomm, DCM, Samsung, ZTE, Lenovo, Apple, SPRD, Sony, Oppo, DCM, InterDigital
· No (the LBT beam and transmission beam relationship is implementation): Ericsson, Nokia(?), CATT
· Further study: Vivo, Nokia, Nokia Shanghai Bell

Please provide additional view
	Company
	View

	OPPO
	In our view, it should be defined in RAN1, even if it might not impact the specification at the end, it is indeed necessary to have a common understanding on the LBT beam. Hopefully, everyone in the group should align the language.  From our point of view, if the LBT beam has no relationship with the transmission beam at all, it does not make sense to perform this directional LBT. Therefore, we believe there is some kind of relationship between LBT beam and Tx beam.

	Xiaomi
	Agree with DCM’s opinion, whether directional LBT is supported should be discussed first.

	Spreadtrum
	As many companies have pointed out, a relationship between LBT beam and transmission beam should be defined, otherwise the LBT procedure is meaningless.

	Sony
	We think the relationship between the LBT beam and the transmission beam should be efined in 3GPP spec.

	InterDigital
	In our view, the relationship between the LBT beam and the transmission beam should be discussed. 

	Nokia, NSB
	We expect that a test similar to the one described in EN 302 567 may need to be defined in 3GPP side too (RAN4)




If we define the relationship between LBT beam and TX beam, another question to answer is if ED threshold should be adjusted by the LBT beam and TX beam choices. For example, given a fixed TX beam, using a pseudo-omni beam or the same TX beam for LBT will produce different LBT ED measurement given the same interference.
Discussion point: 
If 3GPP spec defines the relationship between the LBT beam and the transmission beam, shall we also define the impact to ED threshold given a certain LBT beam and transmission beam, or use a fixed ED threshold?
	Company
	View

	Ericsson
	Is the assumption to allow higher ED threshold than what BRAN allows if directional LBT is used? But then doesn’t that violate EN 302 567? 

	Huawei/HiSilicon
	Both sensing (LBT) beamforming gain and subsequent transmission beamforming gain should be taken into account in the EDT threshold. 
In our view, this is independent of whether or not 3GPP spec defines the relationship between the LBT beam and the transmission beam.

	LG
	The ED threshold for directional transmission may need to be different from the case of omni-directional transmission since the coverage and interference from a directional transmission will be different from an omni-directional transmission. Therefore, the ED threshold can be adjusted by the LBT beam and/or TX beam choices.

	Nokia, NSB
	This aspect will require further study during the WI.

	Vivo
	If the LBT beam and the transmission beam are different, the ED threshold should take into account the different antenna gain.

	Futurewei
	Sensing and transmission beams, especially when a gNB serves multiple Ues in a COT may be quite different therefore the ED may require adjustments. 

	Intel
	As shown by the SLS simulations, based on the CCA beam used and deployment, one ED threshold may be more suitable and offer better system level performances than another. Therefore, it may be beneficial to account within the ED threshold for the LBT beam used.

	Qualcomm
	We believe some ED adjustment is needed if the LBT beam and TX beam are not matching. To answer Ericsson’s question, we are not trying to violate EN 302 567, but we can apply “tighter” ED threshold under some conditions.  Some of the results show that ED thresholds lower than those mandated by ETSI – may provide performance improvements. – In these cases, choosing the thresholds to adapt to directionality and beamforming gain of sensing – may further facilitate the medium access for nodes transmitting narrower beams that have reduced interference footprints.

	CATT
	This question is invalid.  

	NTT DOCOMO
	Whether to support directional LBT should be discussed at first. Even if supported, we think 3GPP needs to follow BRAN regulations. As long as BRAN regulations are met, we can enhance the relation between characteristics of LBT beam and ED threshold. 

	Samsung
	The ED threshold for directional LBT should be different from the one for omni-directional LBT, to take into consideration of the coverage of the sensing beam. 

	ZTE, Sanechips
	We think this issue should be further studied in WI phase. But, for this issue, we tend to define ED threshold considering the impact of a certain LBT beam and transmission beam, especially for the different between transmission beam and sensing beam


	Apple
	Should be defined based on type of LBT (directional or omni). Can be discussed in detail during WI.

	Xiaomi
	We don’t quite see why need different ED threshold. Fixed threshold will be OK.

	Sony
	ED threshold should be taken into account the antenna gain.



Summary of discussion:
If 3GPP spec defines the relationship between the LBT beam and the transmission beam, shall we also define the impact to ED threshold given a certain LBT beam and transmission beam, or use a fixed ED threshold?
· Yes: HW, LG, Vivo, FW, Intel, Qualcomm, Samsung, Lenovo, Motorola Mobility, Sony
· No:, DCM, Xiaomi
· Further study: Nokia, ZTE, Ericsson
This discussion depends on the previous discussion, and can be discussed later.

2nd round discussion
On if 3GPP spec should define the relationship between the LBT beam and the transmission beam or leave it as implementation, there is no consensus though the majority view is such relationship should be defined. On if ED threshold needs to be adjusted based on LBT beam and transmission, there is no consensus, but the majority view is it needs to be studied. Moderator suggests to discuss these further in the work item phase.
FL proposal 4: Capture the following in TR
It can be further discussed when specifications are developed if 3GPP spec should define the relationship between the LBT beam and the transmission beam or leave it as implementation. If such relationship is defined, it can also be further discussed when specifications are developed if ED threshold should be adjusted by the choice of LBT beam and transmission beam.
	Company
	View

	Docomo
	We in general support FL proposal. The wording “when specification are developed” may not be necessary in our view. In this sense the following could be another possibility, but we support either of above or below:
It can be further discussed when specifications are developed if 3GPP spec should define the relationship between the LBT beam and the transmission beam or leave it as implementation. If such relationship is defined, it can also be further discussed when specifications are developed if ED threshold should be adjusted by the choice of LBT beam and transmission beam.

	LG
	Support the FL proposal.

	Spreadtrum
	We support FL’s proposal

	Xiaomi
	Support the FL proposal.

	ZTE, Sanechips
	Agree FL proposal.

	Lenovo, Motorola Mobility
	Agree with FL’s proposal

	Ericsson
	Ok with the proposal 

	Apple
	Agree with proposal

	CATT
	Agree with moderator’s proposal

	Convida Wireless
	Agree with FL’s proposal.

	vivo
	OK with moderator’s proposal

	Huawei/HiSilicon
	Agree with the FL proposal

	Futurewei
	We in general support the proposal but share same observation as Docomo. Please replace “It can be further discussed when specifications are developed” to “It should be further discussed”

	Intel
	We are OK with the FL’s proposal

	InterDigital
	Agree with the proposal

	Lenovo, Motorola Mobility
	Agree with FL’s proposal and suggested update from Docomo

	Samsung
	We are OK with the proposal.

	ZTE, Sanechips
	
We basically agree with the proposal, but it seems the current proposal does not consider multiple transmission(s) with different beams case, that is, the relationship between LBT beam and transmission beams, or LBT beams and transmission beams. So we suggest that the current proposal can be updated as the follows:
It can be further discussed when specifications are developed if 3GPP spec should define the relationship between the LBT beam(s) and the transmission beam(s) or leave it as implementation. If such relationship is defined, it can also be further discussed when specifications are developed if ED threshold should be adjusted by the choice of LBT beam(s) and transmission beam(s).





Rx Assisted LBT
	Company
	Key Proposals/Observations/Positions

	FUTUREWEI
	Proposal 10: Receiver assisted LBT is an LBT operation that relies both on channel measurements at the transmitter and on channel measurements at the receiver

	Lenovo, Motorola Mobility
	Observation 6: For NR unlicensed bands between 52.6 GHz and 71 GHz, in order to adopt ATPC as potential channel access mechanism, receiver feedback such as long-term sensing would be needed

Observation 8: For NR unlicensed bands between 52.6 GHz and 71 GHz, long-term channel sensing could be useful for both LBT and without LBT based channel access mechanism:
-	For LBT based channel access mechanism, long-term sensing at the UE could be utilized for receiver assisted LBT at the gNB
-	For no LBT based channel access mechanisms, long-terms sensing could provide interference statistics in terms of potential interference from WiFi as well as interference from other NR operators
Proposal 4: For NR unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, receiver assisted LBT could be supported along with directional LBT to take into account the potential interference at the receiver


	Huawei, HiSilicon
	Proposal 6：For operation in the 60 GHz band, receiver-side directional LBT should be supported.

Observation 8: Receiver-only directional LBT outperforms No-LBT in terms of both coverage and capacity across the different loading conditions in the indoor scenario

Observation 6: Receiver-assisted directional LBT is beneficial for cell-edge users in indoor scenario especially in medium and high traffic load.


	Xiaomi
	Proposal 1: Directional CCA can increase network efficiency compared to omnidirectional CCA. Directional CCA both at transmitter and receiver side should be studied.

	Vivo
	Observation 1: For cell edge Ues, compared to no-LBT scheme, the ED-based LBT schemes cause some UPT performance loss when the traffic load is low. In high load, there’s some slight performance gain.
Observation 2: The receiver-assisted LBT is not observed with apparent gain compared with ED-based LBT for cell edge Ues but slight performance gain for average UPT in indoor scenario A.
Observation 3: The receiver-assisted LBT shows significant gain in severe interference scenarios.
Proposal 2: The channel access mechanism can be selected based on the channel occupancy time, channel access rate, transmission priority, service requirement, or feedback information from the receiver, etc.

	CATT
	Proposal 6:  The mechanism of LBT enhancement for beamforming operation in 52.6-71 GHz can be studied as follows, 
•	The procedure of directional LBT with same beamwidth of PDCCH/PDSCH.  .
•	The handshake mechanism (e.g. measurement and report) with UE feedback of channel status at the receiver in helping  gNB  in determining the clear channel status.   

	AT&T
	Enhancements for receiver assisted LBT

	Nokia, Nokia Shanghai Bell
	Observation 2: Considerable benefits from Rx assistance should be shown in a reasonable range of different situations and with realistic UE feedback delays given the considerable implementation effort involved.
Proposal 12: Rx assistance, if supported, should be configurable per UE, so that it could be used only with Ues frequently detecting high interference.
Proposal 13: If Rx assistance is supported, UE processing time similar to PDSCH processing time (N1) or CSI computation time (N2/Z1Z2) should be considered for providing Rx assistance.
Proposal 14: If Rx assistance is supported, Rx assistance should not be limited to the beginning of COT only.  

	Intel
	Observation 2: Receiver-aided LBT is able to mitigate the issues introduced by directional LBT and offers a mean to better assess the correct level of interference at the receiver
Proposal 2: If directional LBT is supported, a receiver-aided LBT should complement its CCA procedure. FFS: details on how to support this feature.

	Ericsson
	Proposal 4. For operation in 60GHz, it is not beneficial to support receiver assisted LBT.

	Spreadtrum Communications
	Proposal 2: The receiver assisted LBT should be studied in 60GHz unlicensed band.


	Samsung
	Proposal 6: RAN1 shall study the channel access mechanism with handshake between transmitter and receiver. 

	Sony
	Proposal 3: Receiver assisted LBT should be supported on 60 GHz unlicensed operation. 

	Apple
	Proposal 5: RAN1 to support  an RTS/CTS-like mechanism to help in mitigating directional interference or potential hidden node issues in scenarios where LBT is mandated.

	Convida
	Proposal 4: Receiver assisted LBT should be supported in 52.6 GHz and above.
Re: Exposed node issue : Proposal 5: Study methods to enhance resource utilization and interference in 52.6 GHz and above.
 Proposal 6: Enhancement of beam operation should be investigated to mitigate interference

	NTT Docomo
	Observation 4: On receiver-assisted LBT, 
· It is beneficial to detect channel condition at Rx device which would be more invisible from Tx device in higher frequency
· It needs more procedure burden while how it is actually beneficial in higher frequency is questionable

	Potevio
	Proposal 1: For LBT based channel access mechanism in 60GHz unlicensed band, directional LBT combining with receiver-assisted LBT should be studied in comparison to no-LBT based access mechanism.

	Qualcomm
	Observation 2: Aggregate performance may not be representative of individual drops due to the highly directional nature of links. In the events where interference becomes an issue, Rx-assistance based LBT schemes outperform Tx-only LBT schemes as well as not doing LBT at all.
Observation 3: Under scenarios with low interference diversity, there can be scenarios (depends on locations of transmitters and receivers) persistent interferers present and cause significantly reduced SINR or outage. A receiver assisted LBT mechanism can help those scenarios.
Proposal 1. Consider receiver assisted LBT mechanism for scenarios with low interference variation.



Discussion
There is strong support to support or study RX assisted LBT, mainly to solve the hidden node issue. However, there may not be a common understanding on what is RX assisted LBT. Might be good to clarify the definition first
Discussion point
Receiver assisted LBT can the categorized into the following classes
· Class A. Receiver provides assistance information (signalling) to transmitter only, but does not provide information to other NR transmitter/receivers 
· Eg. UE provides information to serving gNB, and gNB provides information to COT initiating UE
· In this case, cross link coexistence is based on ED.
· Class B. Receiver provides assistance information (signalling) to other NR nodes, including non-serving nodes
· In this case, cross RAT coexistence is based on ED
· Class B1. Intra-operator only
· Class B2. Also including inter-operator signalling
· In this case, cross operator coexistence is based on ED
· Class C. Receiver provides assistance information (signalling) to other NR nodes and nodes from other RAT
Note that for the case receiver provides long term measurement information, we can consider it in the no-LBT design.

Please provide your view on which class you are supporting, and please also comment on if there is better way to define classes.
	Company
	View

	Ericsson
	We agree with the moderator’s proposal to clarify companies’ expectation when it comes to receiver assisted LBT. Companies that evaluated Receiver assisted LBT are asked to indicate which RAL category did they evaluate.
In our view, we see benefits in providing long term measurement to assist the interference situation. We do not see the benefits or need to support a receiver assisted LBT with information exchange per COT. 
   

	Huawei/HiSilicon
	Support Class A as it is more practical. 
In our view, Receiver-only LBT as a simple yet effective sub-category of receiver-assisted LBT should be supported. Our simulations in our updated t-doc R1-2008976 show the performance of receiver-only LBT. 

	LG
	We agree with the moderator’s proposal. In the actual implementation of the UE or gNB, the receiving direction and the transmitting direction may not match well. Moreover, applying the same spatial direction as transmission direction for CCA may not be effective since interference to the receiver will be estimated in the opposite direction to the transmission direction. In this sense, the receiver assisted LBT can be considered but there is a need to clarify which aspect is additionally required to support receiver assisted LBT in terms of above categorized class of receiver assisted LBT.

	Nokia, NSB
	First of all, in our view receiver assisted LBT schemes, if any, should be a complementary solution that can be used based on gNB discretion when benefits are there. There should be convincing simulation results with realistic assumption before such schemes are specified.
The practical feasibility of Class B and Class C schemes is questionable, while the gains are unclear.
Class A could in principle include schemes resembling existing CSI reporting mechanisms with some enhancements, and those may help the network in understanding the instantaneous interference conditions. Practical challenges related to e.g. UE processing times will still need to be considered, and related information should be provided along with the proposals and evaluation results.

	Vivo
	As a starting point, we should focus on class A. All the Ues in the cell can detect the request sent from the gNB, but only the target Ues will feed back with response. In the case of UE-initiated COT, only gNB provides response to the initiating UE.
In the future, the scheme can be extended to class B if necessary. Class C should not be considered.

	Futurewei
	Use Class A as the starting point. For the benefits of Class B and Class C, it is not clear for instance, what type of signalling can be used between RAT and if this signalling is reciprocal between RAT.

	Intel
	Our preference is for a receiver-assisted LBT of class A, which is a simpler and more practical solution. All other classes may require information exchange with inter-operator devices, which may complicate implementation.

	Qualcomm
	We believe at least Class A RX assistance is beneficial to introduce for “stuck” scenarios. 
Long term measurement from receiver can provide some benefit for stuck scenario, but not as dynamic as the per COT RX assistance. It is also possible to facilitate some forms of receiver assistance (intra-NR, inter-operator) under a long term sensing framework on top of Class A – which helps inter-operator discovery of victim receivers. This can further help scenarios with catastrophic beam collisions considerably.  We are open to  Class-B type receiver assistance but it can be re-visited for study if needed in future release. 

	Convida Wireless
	Class A could be considered as baseline. Class B and C could be for further study.

	CATT
	Class A is the practical proposal.  

	NTT DOCOMO
	We agree the baseline of the discussion is clarified at first. Case A could be a starting point. Case B1 can also be considered. 

	Samsung
	To comply with the NR system, it is more practical to support Class A only. 

	ZTE, Sanechips
	Support Class A, it seems to be more intuitive and reasonable. Other classes can be further evaluated and studied in WI phase.


	Lenovo, Motorola 
Mobility
	In our view, we support Class A of receiver assisted LBT and also tend to agree with Ericsson on the reliance on long term measurement to assist the interference management from other systems and operators. 

	Apple
	We think this means Class A.



Summary of discussion:
Receiver assisted LBT can the categorized into the following classes
· Class A. Receiver provides assistance information (signalling) to transmitter only, but does not provide information to other NR transmitter/receivers 
· Eg. UE provides information to serving gNB, and gNB provides information to COT initiating UE
· In this case, cross link coexistence is based on ED.
· Class B. Receiver provides assistance information (signalling) to other NR nodes, including non-serving nodes
· In this case, cross RAT coexistence is based on ED
· Class B1. Intra-operator only
· Class B2. Also including inter-operator signalling
· In this case, cross operator coexistence is based on ED
· Class C. Receiver provides assistance information (signalling) to other NR nodes and nodes from other RAT
Note that for the case receiver provides long term measurement information, we can consider it in the no-LBT design.
For the support of (the study of) receivers assisted LBT classes in Rel.17
· No RX assisted LBT: Ericsson
· Class A: HW (receiver only LBT), Nokia, Vivo, FW, Intel, Qualcomm, Convida, CATT, DCM, Samsung, ZTE, Lenovo, Apple, LG, SPRD, Sony, Xiaomi, InterDigital
· Calss B1: DCM
Please provide additional view
	Company 
	View

	NTT DOCOMO
	Ok not to consider Class B1 in Rel.17. 

	Xiaomi
	Agree with FL’s updated classification. At least class A can be supported.

	LG
	At least supporting class A could be considered.

	Spreadtrum
	From our point of view, at least class A can be supported.

	Sony
	At least class A can be supported.

	Ericsson 
	Class B and C can be removed since they are not considered by any company. 
For class A, we propose the following update. 
For the support of Receiver assisted LBT interference management, the following can be considered for further study:
· Class A. Receiver provides assistance information (signalling) to transmitter only, but does not provide information to other NR transmitter/receivers 
· FFS: applicability in LBT and no LBT channel access mode. 
· FFS: if any specification changes are needed to support Class A 
· Eg. UE provides information to serving gNB, and gNB provides nformation to COT initiating UE
· In this case, cross link coexistence is based on ED.


	InterDigital
	Class A should be considered. Class B1 can be achieved by similar solutions as Class A with some coordination between gNB nodes. Class B2 and Class C would have large spec impact with unclear benefits.

	Nokia, NSB
	Agree that we should only consider Class A. We also support Ericsson’s proposals for changes.

	Huawei/HiSilicon
	We support both receiver-assisted and, as its special case, receiver-only LBT. In both LBT mechanisms, there need to be a CTS-like signalling (e.g, CTS and/or detected energy level) feedback to the transmitter prior to the first data communication within the COT.
In our view, Class A is sufficient for the purpose of the receiver-assisted and the receiver-only LBT and is more practical while Class B and C are too ambitious. 



2nd round discussion
For RX assisted LBT, there is consensus we only study class A. Moderator recommend we capture these classes and continue discussion if class A is to be supported in work item phase.
FL proposal 5: Capture the following in TR
The following receiver assisted channel access and interference management schemes hasve been considered and can be further investigated when specifications are developedduring the normative work
· Class A. Receiver provides assistance information (signalling) to transmitter only, but does not provide information to other NR transmitter/receivers.  The following aspects of Class A can be further discussed when specifications are developedduring the normative work
· Applicability in the following channel access modes:
· LBT is performed at the transmitter or the receiver prior to channel occupancy
· No LBT is performed at the transmitter or the receiver prior to channel occupancy 
· Details of typeType, timing and content of assistance information 
· Whether or not assistance information is provided after performing LBT or channel sensing at the receiver
· If any specification changes are needed to support Class A 
Also, the following Rreceiver assisted channel access schemes have been considered where, and considering the system performance and complexity tradeoff, these schemes will not be further investigated in Rel.17
· Class B. Receiver provides assistance information (signalling) to other NR nodes, including non-serving nodes
· In this case, cross RAT coexistence is based on ED
· Class B1. Intra-operator only
· Class B2. Also including inter-operator signalling
· In this case, cross operator coexistence is based on ED
· Class C. Receiver provides assistance information (signalling) to other NR nodes and nodes from other RAT


	Company
	View

	Docomo
	Looking at the companies’ views above, at least Class C can be removed in our view. Docomo is actually ok to narrow down the WI scope to only Class A, so if no companies want to keep Class B, we can remove it also. 

	LG
	Looking at the views of the companies above, it seems enough to consider only Class A. For class A, we support the Ericsson’s update:
For the support of Receiver assisted LBT interference management, the following can be considered for further study:
· Class A. Receiver provides assistance information (signalling) to transmitter only, but does not provide information to other NR transmitter/receivers 
· FFS: applicability in LBT and no LBT channel access mode. 
· FFS: if any specification changes are needed to support Class A 
· Eg. UE provides information to serving gNB, and gNB provides information to COT initiating UE
In this case, cross link coexistence is based on ED.

	Spreadtrum
	We share the same view as LG. for class A, Ericsson’s update seems better.

	Xiaomi
	Agree with FL proposal

	ZTE, Sanechips
	First of all, we agree with the updated Class A. 
Besides, I’m not sure if it is necessary to do down-selection among all options. Of course, if majority companies tend to do this, we are fine for the current FL proposal.

	Lenovo, Motorola Mobility
	Agree with LG’s suggested update to class A and agree that it is enough to consider only Class A

	Ericsson
	we support class A if it is rewording as we proposed before. Otherwise, the proposal is not agreeable to us. 
Also “class A receiver assisted LBT is identified as beneficial for some cases with reasonable complexity” should be removed. The complexity is not discussed yet, it depends on the type of signalling, the expected processing timeline, etc.. we cannot already decide that it is “reasonable complexity” unless we know how the procedure will look like and what type of information will be exchanged. And the benefits are to be further discussed, since it largely depends on the procedure and the type of exchanged information. 
With the following updates, the proposal can be agreeable to us: 
The following receiver assisted LBT interference management schemes have been considered
· Class A. Receiver provides assistance information (signalling) to transmitter only, but does not provide information to other NR transmitter/receivers 
· FFS: applicability in LBT and no LBT channel access mode. 
· FFS: if any specification changes are needed to support Class A 
· Eg. UE provides information to serving gNB, and gNB provides information to COT initiating UE
· In this case, cross link coexistence is based on ED.
· Class B. Receiver provides assistance information (signalling) to other NR nodes, including non-serving nodes
· In this case, cross RAT coexistence is based on ED
· Class B1. Intra-operator only
· Class B2. Also including inter-operator signalling
· In this case, cross operator coexistence is based on ED
· Class C. Receiver provides assistance information (signalling) to other NR nodes and nodes from other RAT
Consider the system performance and complexity tradeoff, class A receiver assisted LBT is identified as beneficial for some cases with reasonable complexity. Class B and Class C receiver assisted LBT will not be further considered in Rel.17.

	Apple
	We are fine with with LG and Ericsson’s updates. 

For the last sentence “Considering the system performance and complexity tradeoff,”

	CATT
	 We support the proposal with Ericsson’s revision

	Convida Wireless
	We are ok with Ericsson’s update.

	vivo
	OK with moderator’s proposal in principle. But we do have a clarification question regarding class A/B categorization. 

Take this example, a UE as the receiver feedback assistance information (signaling) to its’ serving gNB (the transmitter). The feedback transmission was detected by other NR node(s) (e.g., a nearby neighboring gNB) which that neighboring gNB may choose to act accordingly. In this case, does it still view as class A where “but does not provide information to other NR transmitter/receivers”?

	Huawei/HiSilicon
	Agree with FL proposal or the following alternative as a compromise. 

Answer to Ericsson: Ericsson’s modifications are not agreeable for us. These Classes are all “Receiver-assisted LBT” classes and not just general “interference management” classes. As for the performance, three companies (Qualcomm, Vivo, and Huawei/HiSilicon) have shown that receiver assisted LBT performs better than No-LBT and other flavours of LBT at least in some scenarios (c.f., Section 3.4) .Also, nowhere in the TR says Class A Receiver assisted LBT is agreed. As a compromise, we are willing to accept the following alternative:

The following receiver assisted LBT schemes have been considered
· Class A. Receiver provides assistance information (signalling) to transmitter only, but does not provide information to other NR transmitter/receivers 
· Eg. UE provides information to serving gNB, and gNB provides information to COT initiating UE
· In this case, cross link coexistence is based on ED.
· Class B. Receiver provides assistance information (signalling) to other NR nodes, including non-serving nodes
· In this case, cross RAT coexistence is based on ED
· Class B1. Intra-operator only
· Class B2. Also including inter-operator signalling
· In this case, cross operator coexistence is based on ED
· Class C. Receiver provides assistance information (signalling) to other NR nodes and nodes from other RAT
Consider the system performance and complexity tradeoff, Class B and Class C receiver assisted LBT will not be further considered in Rel.17. Some sources have reported performance benefit for Class A receiver assisted LBT compared to no-LBT and other flavours of LBT in some scenarios. Whether or not to support Class A receiver assisted LBT is further discussed during the normative work. 


	Ericsson
	Our interpretation of the results is different from HW 
1- Ericsson also provided results that show no gain
2- Vivo’s results does not show consistent gain. They show losses for 5th DL/UL at almost all loads 
3- QUALCOMM’s results correspond to class C and they don’t have a baseline no LBT for comparison 

So in principle we have 2 companies that evaluated Class A LBT (i.e. HW and Ericsson). One shows gains in one scenario and losses in another . and another company shows losses. Hence I don’t think “Some sources have reported performance benefit for Class A receiver assisted LBT compared to no-LBT and other flavours of LBT in some scenarios” is factual representation of the observations.

As we explained in section 3.4.6 , another type of receiver assisted interference management can be based on existing measurement tools with enhancements if needed. So we don’t accept to limit this proposal to LBT only. We still prefer our proposal. 

	Intel
	We are OK with the FL’s proposal, and Ericsson’s rewording. 

	InterDigital
	Agree with the proposal and Ericsson’s update.

	Huawei/HiSilicon
	Updated FL proposal is not agreeable for us due to the following reasons. 

1- Receiver-assisted LBT has never been formally defined in Rel-17 and that is why companies have multiple flavours of receiver assisted LBT listed by FL in Section 3.2. When we talk about receiver-assisted LBT in this document, we are not referring only to Huawei’s flavours Rx-A2 and RxA-3. We consider schemes Rx-A1 to Rx-A5 of all companies! Having that in mind, vivo’s scheme Rx-A4 is a receiver-assisted LBT and it is actually a Class A receiver-assisted LBT. So, two out of three companies have simulated Class A receiver assisted LBT and have shown gains at least in some cases with respect to No-LBT scheme (Please see Section 3.4.1 for the exact cases in indoor Scenario-A). 

2- We do not understand the argument when Ericsson mentions that a particular receiver-assisted LBT scheme “does not show consistent gain”. As long as a scheme (here a receiver assisted LBT in its entirety and considering any of this flavours) shows some gain in some cases, it should be proposed in the TR for further discussion during the normative work and that is exactly what the original FL proposal or above suggested modified proposal by Huawei intended to do. Again, the FL proposal (or suggested modified proposal by Huawei) just intends to say the receiver-assisted LBT should be considered in the normative work and it does not say it should be agreed. Frankly speaking, we find it quite strange that a company tries to block considering a scheme/solution for the normative work although it shows promises at least in some cases.

3- Again, Rx-A2 and Rx-A4 show gain with respect to No-LBT in some examined cases (Section 3.4.1) for indoor scenario-A and Rx-A3 shows gain with No-LBT in almost all examined cases. However, even if above receiver-assisted LBTs did not show any gain with respect to No-LBT but showed some gain with respect to another LBT scheme, they should have been considered for the normative work. We, in 3GPP, have agreed to support both LBT and no-LBT schemes. Since LBT is agreed in 3GPP whether we like it or not, it only makes sense to support the LBT scheme in 3GPP with the best performance and not the LBT scheme that is more familiar, used before, or is supported in ETSI BRAN (at least as an option). 3GPP has some freedom to develop its own LBT scheme that it deems more appropriate and that is why we have so much discussions on various aspects that the baseline LBT can be improved. In our view, the receiver-assisted LBT is a competitive choice among the LBT scheme(s) that should be discussed during normative work. 

4- All that said, if Ericsson or any other company would like to have an agreement about “receiver assisted interference management” to consider it for the normative work, we are supportive of such a discussion. However, we will not accept that such a discussion comes at the price of ignoring “Receiver assisted LBT” or changing “Receiver assisted LBT” to “receiver assisted interference management” in a proposed agreement.

We again would like to ask to consider our above suggested compromise in our earlier comment.


	Lenovo, Motorola Mobility
	Although we are fine with the FL proposal, but also tend to agree with Huawei’s views.
Maybe following rewording to the main bullet can be a compromise:
The following receiver assisted interference management schemes for channel access have been considered


	Ericsson
	Ericsson is not blocking a scheme from being considered. Obviously, the updated proposal does not exclude HW’s evaluated schemes.
LBT at least traditionally (in NR-U) is based on a simple ED detection, regardless of which node is doing it, which is then a very narrow definition of “receiver assistance information”. We prefer a more general description so that the alternative procedures that Ericsson and other companies proposed are not excluded. And we do not think that we should have two different proposal one for receiver assisted LBT and another for receiver assisted interference management because in our opinion the receiver assisted LBT is only a subset of the other. 
The updated class A does not specify the type of information obtain from the receiver. It can be interference level, SINR, or any useful information. 
It also does not define the procedure followed by the receiver to obtain this information which in principle can be a simple energy detection, or interference level measurement, SINR measurements, etc… 
None of this is agreed yet. 
At the moment, we can not accept labelling the receiver assisted procedure as “Listen before talk” since (1) it can be wrongly interpreted as based on energy detection and (2) is only one of the considered approaches.

We suggest the following rewording so that it is clear no proposal is excluded. 
FL proposal: Capture the following in TR
The following receiver assisted interference management schemes have been considered and can be further investigated 
· Class A. Receiver provides assistance information (signalling) to transmitter only, but does not provide information to other NR transmitter/receivers 
· FFS: applicability in LBT and no LBT channel access mode. 
· FFS: Type of information and procedure to obtain it 
· FFS: if any specification changes are needed to support Class A 
· Class B. Receiver provides assistance information (signalling) to other NR nodes, including non-serving nodes
· In this case, cross RAT coexistence is based on ED
· Class B1. Intra-operator only
· Class B2. Also including inter-operator signalling
· In this case, cross operator coexistence is based on ED
· Class C. Receiver provides assistance information (signalling) to other NR nodes and nodes from other RAT
Considering the system performance and complexity tradeoff, Class B and Class C receiver assisted LBT will not be further considered in Rel.17.


	Huawei/HiSilicon
	Thank you for your input. As a compromise, we are OK with Lenovo’s suggestion to change the wording from LBT to channel access. Also, we don’t think we can have a FFS for a proposal that is supposed to be captured in TR. Finally, we do not think “procedure to obtain” the assistance information clarifies that receiver-side LBT is not excluded. We have also made another change to clarify that receiver-side LBT is not precluded. 

We suggest the following based on Ericsson’s updated proposal. 

FL proposal: Capture the following in TR
The following receiver assisted interference managementchannel access schemes have has been considered and can be further investigated during the normative work
· Class A. Receiver provides assistance information (signalling) to transmitter only, but does not provide information to other NR transmitter/receivers.  The following aspects of Class A can be further discussed during the normative work
· FFS: Applicability in LBT and no LBTthe following  channel access modes:.
·  LBT is performed at the transmitter prior to channel occupancy
· No LBT is performed at the transmitter prior to channel occupancy 
· FFS: Type and content of assistance information and procedure to obtain it 
· Whether or not assistance information is provided after performing LBT or channel sensing at the receiver
· FFS: if If any specification changes are needed to support Class A 
Also, the following Receiver assisted channel access scheme have been considered where, considering the system performance and complexity tradeoff, will not be further investigated in Rel.17
· Class B. Receiver provides assistance information (signalling) to other NR nodes, including non-serving nodes
· In this case, cross RAT coexistence is based on ED
· Class B1. Intra-operator only
· Class B2. Also including inter-operator signalling
· In this case, cross operator coexistence is based on ED
· Class C. Receiver provides assistance information (signalling) to other NR nodes and nodes from other RAT
Considering the system performance and complexity tradeoff, Class B and Class C receiver assisted LBT will not be further considered in Rel.17.




	Nokia, NSB
	Thank you for the input. On top of what’s been discussed so far, we would like to propose the following compromise, to address both Ericsson’s and Huawei’s views.. 

FL proposal: Capture the following in TR
The following receiver assisted channel access and interference management schemes hasve been considered and can be further investigated during the normative work
· Class A. Receiver provides assistance information (signalling) to transmitter only, but does not provide information to other NR transmitter/receivers.  The following aspects of Class A can be further discussed during the normative work
· Applicability in the following channel access modes:
·  LBT is performed at the transmitter prior to channel occupancy
· No LBT is performed at the transmitter prior to channel occupancy 
· Type, timing and content of assistance information 
· Whether or not assistance information is provided after performing LBT or channel sensing at the receiver
· If any specification changes are needed to support Class A 
Also, the following Receiver assisted channel access scheme have been considered where, considering the system performance and complexity tradeoff, will not be further investigated in Rel.17
· Class B. Receiver provides assistance information (signalling) to other NR nodes, including non-serving nodes
· In this case, cross RAT coexistence is based on ED
· Class B1. Intra-operator only
· Class B2. Also including inter-operator signalling
· In this case, cross operator coexistence is based on ED
· Class C. Receiver provides assistance information (signalling) to other NR nodes and nodes from other RAT


	Lenovo, Motorola Mobility
	We are fine with the suggested updated by Nokia. Maybe a just a clarification on what exactly “timing” entail in this bullet?
· Type, timing and content of assistance information 
Do you mean sort of periodicity? Maybe, then better to replace timing with periodicity and also suggest addition of another bullet
· Type, timing periodicity and content of assistance information 
· Potential enhancements (if needed) to determine assistance information at the receiver


	Ericsson
	We are fine with the proposal from Nokia. Additionally, we propose to replace the two sub-bullets: 
· Applicability in the following channel access modes:
·  LBT is performed at the transmitter prior to channel occupancy
· No LBT is performed at the transmitter prior to channel occupancy 
By “Applicability in LBT and No-LBT channel access modes”
Since the two sub-bullets are stating the definition of the LBT and No-LBT modes, which is already clear.   

	Huawei/HiSilicon
	We cannot accept an agreement wherein the possibility of LBT at the receiver is not left out. As such, we are not fine with Nokia’s proposal as is. We can accept the following modification, based on Nokia’s version. Also, “Applicability in LBT and No-LBT channel access mode” is not a clear expression for us and we prefer to be more specific.  

FL proposal: Capture the following in TR
The following receiver assisted channel access and interference management schemes hasve been considered and can be further investigated during the normative work
· Class A. Receiver provides assistance information (signalling) to transmitter only, but does not provide information to other NR transmitter/receivers.  The following aspects of Class A can be further discussed during the normative work
· Applicability in the following channel access modes:
·  LBT is performed at the transmitter or the receiver prior to channel occupancy
· No LBT is performed at the transmitter or the receiver prior to channel occupancy 
· Type, timing and content of assistance information 
· Whether or not assistance information is provided after performing LBT or channel sensing at the receiver
· If any specification changes are needed to support Class A 
Also, the following Receiver assisted channel access scheme have been considered where, considering the system performance and complexity tradeoff, will not be further investigated in Rel.17
· Class B. Receiver provides assistance information (signalling) to other NR nodes, including non-serving nodes
· In this case, cross RAT coexistence is based on ED
· Class B1. Intra-operator only
· Class B2. Also including inter-operator signalling
· In this case, cross operator coexistence is based on ED
· Class C. Receiver provides assistance information (signalling) to other NR nodes and nodes from other RAT


	Ericsson
	Th latest changes form HW define a channel access mode where sensing is done at the receiver and this has not been agreed yet. So, we can not agree to this change.
And since there is insistence on narrowing down and explicitly stating one of Class A discussed alternatives in the description. Then we think it is fair to include the other view.

The following receiver assisted channel access and interference management schemes hasve been considered and can be further investigated during the normative work
· Class A. Receiver provides assistance information (signalling) to transmitter only, but does not provide information to other NR transmitter/receivers.  The following aspects of Class A can be further discussed during the normative work
· Applicability in the following LBT and No LBT channel access modes:
· LBT is performed at the transmitter or the receiver prior to channel occupancy
· No LBT is performed at the transmitter or the receiver prior to channel occupancy 
· Type, timing and content of assistance information 
· Whether or not assistance information is provided after performing LBT or channel sensing at the receiver
· Whether to introduce channel sensing at the receiver.
· Whether the assistance information can be obtained using existing L1 and L3 measurements, with enhancements if needed. 
· If any specification changes are needed to support Class A considering the existing UE measurements supported in Rel-15 and Rel-16. 
Also, the following Receiver assisted channel access scheme have been considered where, considering the system performance and complexity tradeoff, will not be further investigated in Rel.17
· Class B. Receiver provides assistance information (signalling) to other NR nodes, including non-serving nodes
· In this case, cross RAT coexistence is based on ED
· Class B1. Intra-operator only
· Class B2. Also including inter-operator signalling
· In this case, cross operator coexistence is based on ED
· Class C. Receiver provides assistance information (signalling) to other NR nodes and nodes from other RAT



	Samsung
	We are OK with moderator’s proposal. Typos suggest to be fixed as follow: 
Also, the following Rreceiver assisted channel access schemes have been considered where, and considering the system performance and complexity tradeoff, these schemes will not be further investigated in Rel.17


	vivo
	OK with moderator’s proposal in principle. We had a clarification question in our previous comment but got no answer. The word “provide” in the definitions of class A, B and C may cause ambiguity.
Take this example, a UE as the receiver feedback assistance information (signaling) to its’ serving gNB (the transmitter). The feedback transmission was detected by other NR node(s) (e.g., a nearby neighboring gNB) which may choose to act accordingly. In this case, other nodes do obtain some information provided by the receiver.
Suggest the following update to avoid ambiguity. 
Class A. Receiver transmits assistance information (signalling) to transmitter only, but does not provide information to other NR transmitter/receivers.  
Class B. Receiver transmits assistance information (signalling) to other NR nodes, including non-serving nodes
Class C. Receiver transmits assistance information (signalling) to other NR nodes and nodes from other RAT

	Huawei/HiSilicon
	We are OK with the current version of FL proposal. 
Regarding Ericsson’s proposal, we have the following comments:

1-  Ericsson states that “Th[e] latest changes form HW define a channel access mode where sensing is done at the receiver and this has not been agreed yet. So, we can not agree to this change.” Please note that: 
a. Nowhere in the FL proposal explicitly or implicitly mentions that LBT at the receiver side is supported. The whole proposal starts with “The following receiver assisted channel access and interference management schemes have been considered and can be further investigated during the normative work”. As such, FL proposal is about what needs to be further investigated and not what is agreed. 
b. Further, strictly speaking, we have not agreed yet whether the LBT should be done at the transmitter side, the receiver side (e.g., before sending CTS-like message), or both. All we agreed so far is to “Use the CCA check procedure in EN 302 567 as the baseline for channel access for 60GHz band when LBT is applied”. The CCA check procedure can be done at the transmitter or at the receiver. So, at this point, we do not find it fair to implicitly assume that LBT is performed at the transmitter while LBT at the receiver needs an explicit agreement. 
2- Ericsson suggests to remove the possibility of LBT at the receiver side and replace it with “Whether to introduce channel sensing at the receiver”. This is not a change that would be acceptable for us since Huawei has explicitly used LBT at the receiver side in Rx-A2 and Rx-A3 and showed performance gains at least in some cases (For Rx-A3 all cases). Again, this is quite disappointing to see the continuous attempt to remove any trace of “LBT at the receiver side” from further investigation during WI although this scheme has shown promising results. We believe that it is only fair that using LBT at the receiver side to be reflected in the agreement for further investigation during WI. We are open to discuss including channel sensing as the part of agreement for further investigation during WI but what is not acceptable for us is that it comes at the cost of removing LBT at the receiver side. Please note that any interference measurement can be called channel sensing (such as existing L1 and L3 measurements mentioned in Ericsson newly added bullet) while LBT includes a transmission back-off in addition to the sensing. 
3- We do not see why “considering the existing UE measurements supported in Rel-15 and Rel-16.” Should be added to the last bullet. This addition is only applicable if “assistance information can be obtained using existing L1 and L3 measurements, with enhancements if needed”. If assistance information is agreed to be something other than L1 and L3 measurement, then “UE measurements supported in Rel-15 and Rel-16” has no relevance. This addition is only applicable as a sub-bullet of “Whether the assistance information can be obtained using existing L1 and L3 measurements, with enhancements if needed” and not an independent bullet in an equal level. 


	Qualcomm
	We believe the No LBT scheme should not be discussed in this proposal. This is about receiver assisted LBT, which by definition has an LBT component. For receiver assistance is No LBT scheme, we should discuss in the No LBT design, together with long term sensing, ATPC, DFS, etc.

	LG
	For the second sub-bullet, it is better to modify the sentence with “Details of assistance information and timing relationship” because the meaning of the type and content is not clear. 

The following receiver assisted channel access and interference management schemes have been considered and can be further investigated during the normative work
· Class A. Receiver provides assistance information (signalling) to transmitter only, but does not provide information to other NR transmitter/receivers.  The following aspects of Class A can be further discussed during the normative work
· Applicability in the following channel access modes:
· LBT is performed at the transmitter or the receiver prior to channel occupancy
· No LBT is performed at the transmitter or the receiver prior to channel occupancy 
· Details of assistance information and timing relationship
· If any specification changes are needed to support Class A 
Also, the following Receiver assisted channel access scheme have been considered where, considering the system performance and complexity tradeoff, will not be further investigated in Rel.17
· Class B. Receiver provides assistance information (signalling) to other NR nodes, including non-serving nodes
· In this case, cross RAT coexistence is based on ED
· Class B1. Intra-operator only
· Class B2. Also including inter-operator signalling
· In this case, cross operator coexistence is based on ED
· Class C. Receiver provides assistance information (signalling) to other NR nodes and nodes from other RAT


	ZTE, Sanechips
	We are fine with moderator’s proposal. As for whether to allow a case that LBT is performed at the receiver while not performed at the transmitter can further be discussed.




Multibeam operation
	Company
	Key Proposals/Observations/Positions

	Xiaomi
	Proposal 3: Multi-beam transmission should be studied to fully take advantage of spatial diversity.

	CATT
	Proposal 7: For increasing the channel access opportunities, the scheme of multi-beam ED measurement in a sensing slot can be studied. 
Proposal 8:  In order to alleviate the hidden node problem in directional LBT, a method of Multi-DCI transmission in different beam direction for a PDSCH scheduling should be considered.

	Nokia, Nokia Shanghai Bell
	Proposal 11: gNB can serve multiple beams in TDM manner, resulting in transmissions gaps on a beam, within a COT after sensing the channel on the corresponding directions at the beginning of the COT.

	ZTE, Sanechips
	Proposal 5: For multiple transmission(s) with different beams case, channel condition difference for different beams should be considered when designing the channel access schemes for COT sharing in NR unlicensed spectrum.

	Potevio
	Proposal 3: For channel access mechanism with directional LBT, simultaneous LBT procedures for different directions should be studied to mitigate the transmission latency and increase channel access probability.


Discussion
Discussion point:
Within a COT, shall we support spatial multiplexing of multiple beams (MU-MIMO), and what is the LBT requirement? 
	Company
	View

	Ericsson
	The support of LBT should not add restriction on gNB scheduling behaviour. EN 302 567 does not disallow spatial multiplexing of multiple beams (MU-MIMO) within a COT. Also, it does not require additional LBT requirements. 

	Huawei/HiSilicon
	Support spatial multiplexing of multiple beams (MU-MIMO) as long as a directional LBT is used before COT that covers all the subsequent transmission beams in the COT.

	LG
	As we mentioned in 2.5.1, the transmission beam is closely related to the LBT beam. Therefore, if we want to support spatial multiplexing of multiple beams within a COT, the corresponding LBT should be performed for the multiple beams accordingly.

	Nokia, NSB
	MU-MIMO should be supported as long as requirements related to EIRP etc. are met. It is unclear if MU-MIMO puts any further requirements to the LBT design.

	Vivo
	Spatial multiplexing of multiple beams should be supported. But the LBT requirements need further discussion. There are some options as below:
1. Perform LBT with a beam “cover” the transmission beams to obtain the COT
a) Transmit without further LBT in each transmission direction within the COT
b) Perform one-short LBT before each transmission within the COT
2. Perform LBT for each transmission beam immediately before the transmission and obtain COT for each beam.
a) Some rules should be considered to break LBT procedure if some beam direction is always detected as busy. The device can then switch to another beam to perform LBT and transmission.


	Futurewei
	Support spatial multiplexing. For the LBT requirement part , it may be related to the relation between sensing and transmission beams. CCA should cover the potential  transmission area.

	Intel
	Our view is that spatial multiplexing could be supported. However, given a set of CCA beams which cover different or overlapping areas, every time a transmission is attempted over a specific direction an independent COT should be initiated, and before an actual transmission could be initiated a CCA procedure would need to be cleared. In this context, it should be discussed and further studied how the CWS adjustment should be performed when there are overlapping CCA beams.

	Qualcomm
	SDMA is a useful feature to increase mmW system capacity and should be supported in unlicensed band. For LBT, we can either do multi-beam LBT at the beginning of the COT, or we can do a wider beam LBT that covers all component beams in the COT

	Convida Wireless
	Spatial multiplexing of multiple beams or MU-MIMO could be supported.

	CATT
	Multi-beam operation (dynamic TCI state) should be enhanced to be useful for LBT if LBT is supported

	NTT DOCOMO
	We agree to consider spatial mux of multiple beams within a COT. 

	Samsung
	MU-MIMO should be supported, and the LBT aspect can be further discussed after the basic aspect of directional LBT is clear. 

	ZTE,Sanechips
	We are not sure whether MIMO project has supported multiple beam transmissions simultaneously. If supported, seems multiple-LBT can refer to multiple-channel access procedure specified in TS37.213 or will it as a starting point of study.

	Lenovo, Motorola
Mobility
	Yes, we should support different multiplexing schemes including TDM on multiple beams and depending upon the gaps between transmissions/beams, we should consider LBT in the middle. If directional LBT is adopted, then anyways we expect to perform beam specific LBT.
Also agree with Huawei’s view.

	Apple
	Yes, MU-MIMO can be supported. LBT can be directional (i.e. per beam) or “omni-directional” (i.e. over all beams). This is similar  to the directional/omni-directional question and we should have a consistent solution.



Summary of discussion:
Within a COT, shall we support spatial multiplexing of multiple beams (MU-MIMO), and what is the LBT requirement? 
All companies support SDM multi-beam operation.
LBT requirement for SDM multiple beam transmission:
· No additional LBT requirement: Ericsson, Nokia, 
· LBT covers all beams: HW, LG, Vivo (widebeam LBT or multiple beam LBT), FW, Qualcomm, Lenovo, Apple, SPRD, Sony, Oppo, Xiaomi
· Further study: Intel, Samsung, DCM, ZTE, Sanechips, InterDigital
This may not need to be decided now. But please provide additional view if any
	NTT DOCOMO
	Our view is same as Intel and Samsung, i.e. further study. 

	OPPO
	This discussion is somewhat relevant to the relationship between directional LBT, e.g. LBT beam and transmission beam. From our view, if the LBT beam covers multiple Tx beams, no additional LBT is needed between these Tx beams.

	Xiaomi
	Prefer LBT covers all beams. But it can be further discussed.

	Spreadtrum
	We support LBT beam covers all beams.

	Sony
	As similar discussion in sec 2.5, the relationship between LBT beam and transmission beam should be considered. All multiple beams should be covered within the LBT beam.

	InterDigital
	We prefer to further study the schemes.



Discussion point:
Within a COT, shall we support TDM multiplexing of multiple beams? If we do, shall we perform LBT at the beginning of the COT with no LBT in the middle, or shall we perform LBT at the beginning, and perform additional LBT for each beam switching in the middle?
	Company
	View

	Ericsson
	The support of LBT should not add restriction on gNB scheduling behaviour. EN 302 567 does not disallow TDM multiplexing of multiple beams within a COT. Also, it does not require additional LBT requirements. 

	Huawei/HiSilicon
	Support TDM multiplexing of multiple beams as long as long as a directional LBT is used before COT that covers all the subsequent transmission beams in the COT. In such a case, there is no need to do an extra LBT within the COT by any of the responding nodes or initiating node.

	LG
	It is noted that the interference environment can be different for each beam direction. For example, if gNB’s transmission is beamformed to Beam A for the first three slots but the last slot is redirected to Beam B, it may collide with other nodes (e.g., WiGig AP) that has transmitted in the direction of beam B after the success of directional LBT to Beam B. Therefore, it should be further studied how to perform omnidirectional or directional CCA for multiple-beam sweeping transmission.

	Nokia, NSB
	TDM multiplexing of beams should be supported. The exact LBT schemes require further study.

	Vivo
	Both options can be considered. If no LBT procedure fulfils the requirements of the regulation, it can be adopted for multiplexing of multiple beams within the COT.

	Futurewei
	The LBT during COT is not required as long the LBT that precedes COT covers the potential transmission area (solid angle)

	Intel
	Our view is that it would be highly beneficial to support TDM multiplexing of multiple beams, since given the directional nature of the transmissions without multiplexing only a very limited number of Ues could be served. If TDM multiplexing of multiple beams is supported, the LBT scheme and procedure and how to handle beam switching should be further discussed and studied. 

	Qualcomm
	TDM scheduling with different beams allows more flexibility in gNB scheduling, and should be supported. For LBT, we can either do multi-beam LBT at the beginning of the COT, or we can do a wider beam LBT that covers all component beams in the COT

	Convida Wireless
	TDM multiplexing of multiple beams could be supported

	CATT
	TDM of multi-beam operation should be supported (e.g., SSB sweeping)

	NTT DOCOMO
	Technically agree with Nokia, FW and Intel. Further study would be needed in our view.

	Samsung
	TDM multiplexing should be supported, and the LBT aspect can be further discussed after the basic aspect of directional LBT is clear. 

	ZTE,Sanechips
	TDM multiplexing of multiple beams could be supported. 
Further, we can also consider some other methods such as same beam direction can be used for consecutive transmission, or introduce gap for LBT between DL/UL consecutive transmissions with different beams within COT.


	Lenovo,  
Motorola
Mobility
	Yes, we should support different multiplexing schemes including TDM on multiple beams and depending upon the gaps between transmissions/beams, we should consider LBT in the middle. If directional LBT is adopted, then anyways we expect to perform beam specific LBT.  

	Apple
	TDM multiplexing can be supported. Ideally, we should perform LBT at the beginning of the COT.  We may have the LBT over the directions of the constituent beams (either per beam or as a group).



Summary of discussion:
Within a COT, shall we support TDM multiplexing of multiple beams? If we do, shall we perform LBT at the beginning of the COT with no LBT in the middle, or shall we perform LBT at the beginning, and perform additional LBT for each beam switching in the middle?
All companies support TDM different beams in a COT
On LBT requirement:
· Support and has no LBT impact: Ericsson
· Directional LBT at the beginning covers all TDM beams with no LBT in the middle: HW, Vivo, FW, Qualcomm, Apple, SPRD, Xiaomi
· Perform LBT at the beginning of COT and additional LBT for each beam switching in the middle: Vivo, ZTE, Lenovo
· Further study: LG, Nokia, Intel, DCM, Samsung, Sony

This may not need to be decided now. But please provide additional view if any
	OPPO
	Further study.

	Xiaomi
	Prefer directional LBT at the beginning covers all TDM beams with no LBT in the middle, but it can be discussed further.

	LG
	We agree to support TDM multiplexing after omnidirectional LBT for the signals and channels that are broadcasted in all directions through multiple beams, such as SSB, but whether this is possible for data bursts also needs further discussion.

	Spreadtrum
	We support directional LBT at the beginning covers all TDM beams with no LBT in the middle, but it can be discussed further.

	Lenovo, Motorola Mobility
	We propose following update to the second and third bullet and are then okay to support both options:
· Directional LBT at the beginning covers all TDM beams:
· FFS: Whether further LBT is needed in the middle (for example depending upon the gaps between the beams, if any)

· Perform LBT at the beginning of COT and additional LBT for each beam switching in the middle, if needed (depending upon transmissions gaps on same beam)

	Sony
	At least LBT beam at the beginning of COT should cover all transmission beam in the COT. It is further studied whether it is allowed to perform LBT in the middle of COT for the purpose of beam switching.

	InterDigital
	In our view, TDM multiplexing of beams should be supported. We agree with Nokia that the LBT scheme should be further studied.

	Huawei/HiSilicon
	We support “Directional LBT at the beginning covers all TDM beams with no LBT in the middle”. However, if agreed, such an agreement should not be used as a pretext to rule out the support for the receiver-assisted LBT. Our understanding is that this is only in the context of Tx-only LBT. 



[bookmark: _GoBack]2nd round discussion
All companies support spatial domain or time domain multiplexity of different beams in a COT. However, on LBT requirement on spatial or time domain multiplexing of multiple beams, there is no consensus. Moderator recommends capturing options and continue discussion in the work item phase
FL proposal 6: Capture the following in TR
When LBT mode is used, spatial domain multiplexing of different beams is supported. The LBT requirement (if any) for spatial domain multiplexing of multiple beams can be further discussed when specifications are developed. At least the following can be considered while other LBT designs not excluded
· Leave the LBT behaviour for implementation
· One LBT beam covers all transmission beams
· Multiple LBT beams cover multiple transmission beams
	Company
	View

	Docomo
	We support FL proposal. 

	Spreadtrum
	We support FL’s proposal

	Xiaomi
	Support FL proposal

	ZTE, Sanechips
	We support FL’s proposal

	Lenovo, Motorola Mobility
	Is the intention of second bullet to say that one LBT beam can cover all transmission beams? If that is the case than we suggest following update to second bullet and also add one more bullet as follows:
· One LBT beam covers all transmission beams
· Multiple LBT beams cover multiple transmission beams


	Ericsson
	“No LBT requirement” can be misunderstood. In principle, what is meant, nothing more than what the HS requires. 

	Apple
	We are fine with the FL’s proposal

	CATT
	OK with the proposal

	Convida Wireless
	We are fine with FL’s proposal.

	vivo
	OK with moderator’s proposal

	Huawei/HiSilicon
	We agree with FL proposal.

	Intel
	We have the same concern as Lenovo, and we believe that the suggested bullet should be also captured. 

	LG
	We support the FL proposal but “No LBT requirement” in the first bullet should be modified as “No additional LBT requirement” to prevent confusion with no-LBT. Regarding the comments to the second bullets from Lenovo, we think that LBT beam can be single or multiple. Therefore, we suggest LBT beam in the second bullet can be modified LBT beam(s).

	InterDigital
	We are fine with the FL’s proposal. 

	Lenovo, Motorola Mobility
	We support FL’s proposal

	Samsung
	We are OK with the proposal. 

	Intel
	We are OK with the current FL’s proposal, but we some minor comments:
· We think that it could be better to use the term “considerations” rather than “design”
· Last sentence of the main body of the proposal is missing a verb:  

When LBT mode is used, spatial domain multiplexing of different beams is supported. The LBT requirement (if any) for spatial domain multiplexing of multiple beams can be further discussed when specifications are developed. At least the following can be considered while other LBT design considerations are not excluded
· Leave the LBT behaviour for implementation
· One LBT beam covers all transmission beams
· Multiple LBT beams cover multiple transmission beams




FL proposal 7: Capture the following in TR
When LBT mode is used, time domain multiplexing of DL/UL transmissions in different beams in the same COT is supported. The LBT requirement (if any) for time domain multiplexing of DL/UL transmissions in multiple beams can be further discussed when specifications are developed. At least the following can be considered while other LBT designs considerations are not excluded
· No additional LBT requirement defined and leave the LBT behaviour for implementation
· Perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams and with no LBT before each beam switching in the middle of COT. 
· Perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all transmission TDM beams or the first transmission beam, and additional directional LBT with sensing beam that covers the next transmission beam for each beam switching in the middle of COT.

	Company
	View

	Docomo
	Whether to support directional LBT should be separated from here in our view, so we think the following modification could be applied to the 2nd bullet:
· Sensing beam used by LBT at the beginning covers all TDM beams with no LBT in the middle. 

	Spreadtrum
	We support FL’s proposal

	ZTE, Sanechips
	We support FL’s proposal

	Lenovo, Motorola Mobility
	Is the intention of the second bullet to say that directional LBT on multiple beams at the beginning covers all TDM beams with no LBT in the middle? In that case, second bullet can be further updated as:
· Directional LBT on multiple beams at the beginning covers all TDM beams with no LBT in the middle.

In third bullet, the LBT refers to omni-directional or directional LBT or both? We suggest following updates to 3rd bullet and an additional fourth bullet as follows:
· Perform directional LBT at the beginning of COT and additional directional LBT for each beam switching in the middle.

· Perform omni-directional LBT at the beginning of COT and additional directional LBT for each beam switching in the middle.



	Ericsson
	Similar comment related to “no LBT requirement”. 
Also the second bullet should be aligned with the wording in the last bullet: 
· Directional Perform LBT at the beginning covers all TDM beams with no LBT in the middle. Before each beam switching within the COT. 
· Perform LBT at the beginning of COT and additional LBT for before each beam switching in the middle.within the COT.
 

	Apple
	Fine with the proposal. For consensus, possible to discuss the type of LBT as FFS i.e. directional or omni-.

	CATT
	We agree the proposal in principle.  However, we would like to have some clarification

When LBT mode is used, time domain multiplexing of DL/UL transmissions in different beams in the same COT is supported. The LBT requirement (if any) for time domain multiplexing of DL/UL transmissions in multiple beams can be further discussed when specifications are developed

	Convida Wireless
	We are fine with FL’s proposal.

	vivo
	Seems the main bullet covers the case where “time domain multiplexing of different beams in the same COT is supported” even for directional LBT case. However, sharing COT for multiple beams if they are not aligned in spatial domain seems not beneficial given the directional LBT only assures available channel at one direction only. 

	Huawei/HiSilicon
	OK with the FL proposal. 

Answer to Ericsson and Docomo:
If we agree with the changes made by Ericsson or Docomo to the second bullet, then what would be the difference between the first and the second bullet? Neither supports LBT in the middle and neither has any directivity requirement for the LBT at the beginning. 


	Futurewei
	The wording is not very clear. We note that there are two issues addressed here. The first issue is if the initial LBT covers or not the TDM beams. The second issue is if there is additional LBT performed for TDM beams. We suggest splitting in two main bullets and couple sub-bullets:
1) If the LBT prior to COT covers totally or partially the TDM beams used during that COT
2) For the LBT prior to the beam switching during COT
a. If any, conditions for not performing LBT prior to beam switching 
b. If any, conditions for performing LBT prior to beam switching 
 


	Intel
	We are Ok with the FL’s proposal, but we believe that as Apple mentioned it would be better to discuss separately the type of LBT to use.

	LG
	We support the FL proposal but “No LBT requirement” in the first bullet should be modified as “No additional LBT requirement” to prevent confusion with no-LBT. As mentioned Intel, we can discuss the type of LBT separately.

	InterDigital
	We are fine with the FL’s proposal.

	LG (2)
	For the third bullet, does it mean that the sensing beam for the additional directional LBT and the first transmission beam can be different? 

	Docomo (2)
	As to the 3rd bullet commented by LGE, our view is that it may or may not be different. No such discussion so far in our view. To leave the discussion to WI is ok from our perspective. 

	Lenovo, Motorola Mobility
	We support FL’s proposal. Regarding 3rd bullet, we agree with Docomo that it may or may not be different and such details should be discussed during WI phase.

	Huawei/HiSilicon
	We also agree with a few other companies that the wording need to change for the sake of clarification. In particular, it is not clear when we say “Perform LBT at the beginning of COT with sensing beam(s) covers all TDM (transmission) beams” what do we exactly mean. Do we mean to use an omni-directional LBT (any omni-directional LBT beam would cover all transmission beams) or do we mean to use a LBT beam where the direction of the sensing beam is actually determined based on the directions of the transmission beams (i.e., what we may call a directional LBT). We are generally OK to discuss both interpretations during WI but we believe it should be clarified in this agreement. Also, we prefer to use “transmission beams” or “TDM beams” in both second and third bullets to avoid confusion. We suggest the following:

When LBT mode is used, time domain multiplexing of DL/UL transmissions in different beams in the same COT is supported. The LBT requirement (if any) for time domain multiplexing of DL/UL transmissions in multiple beams can be further discussed when specifications are developed. At least the following can be considered while other LBT designs not excluded
· No additional LBT requirement defined and leave the LBT behaviour for implementation
· Perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) covers all TDM beams with no LBT before each beam switching in the middle of COT. 
· Perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) covers all transmission TDM beams or the first transmission beam, and additional directional LBT with sensing beam covers the next transmission beam for each beam switching in the middle of COT.




	Samsung
	We are OK with the proposal. 

	Lenovo, Motorola Mobility
	Some minor editorial change to 2nd and 3rd bullets belows:
· Perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all TDM beams and with no LBT before each beam switching in the middle of COT. 
· Perform directional or omni-directional LBT at the beginning of COT with sensing beam(s) that covers all transmission TDM beams or the first transmission beam, and additional directional LBT with sensing beam that covers the next transmission beam for each beam switching in the middle of COT.


	Intel 
	We have the same comments as in the prior proposal, and we would suggest the following edits:
When LBT mode is used, time domain multiplexing of DL/UL transmissions in different beams in the same COT is supported. The LBT requirement (if any) for time domain multiplexing of DL/UL transmissions in multiple beams can be further discussed when specifications are developed. At least the following can be considered while other LBT designs considerations are not excluded


	ZTE,Sanechips
	We are also fine with the proposal. 



SSB related
	Company
	Key Proposals/Observations/Positions

	Convida
	Proposal 8: Increasing the number of SSB candidate positions to above 64 to increase transmission opportunities to cope with LBT failure should be studied.

	CATT
	Proposal 9: The enhancement of LBT mechanism for SSB transmission shall be studied for narrow beamwidth beamformed operation up to 71 GHz.

	NTT Docomo
	Proposal 2: Regarding potential required changes considering NR operation in unlicensed band, 
· LBT related issues, e.g. SSB candidate position and non-consecutive RO, may need to be discussed after the discussion on LBT mechanisms.




Discussion
Discussion point:
For SSB transmission, do we need to introduce additional candidate SSB positions?
	Company
	View

	Ericsson
	No. 
First of all, the LBT failure is not a common issue in 60GHz. Hence, it is not justified to do PHY design changes to handle LBT failure. Besides, if short control signalling is supported, SSB can be transmitted without LBT even when operating with LBT. 


	Huawei/HiSilicon
	Yes to handle the LBT failure. However, details should be discussed in 8.2.1

	Nokia, NSB
	If Short Control Signaling is supported, SSBs should be transmitted preferably as SCS, and further candidate positions are not needed.

	Intel
	Given the possible impact of an LBT failure, additional candidate SSB positions should be introduced. 

	Qualcomm
	We don’t think it is necessary to introduce additional candidate positions. We may not have extra bits in MIB in the beginning, and the benefit if limited, especially if we can do short control signalling for DRS transmission

	CATT
	Yes.  According to SID,  the study needs to support up to 64 beams operation.   For operation in unlicensed spectrum, we need additional SSB index in case interruption in beam sweeping.  

	NTT DOCOMO
	As we described in our tdoc, it can be discussed after LBT mechanisms. 

	Samsung
	Yes, even short control signalling is supported, it’s not guaranteed that the limitation is always satisfied. As long as there is scenario where the transmission of SSB needs LBT, additional candidate SSB positions are needed. 

	ZTE,Sanechips
	This issue should be placed in A.I.8.2.1 to discuss.

	Apple
	With no-LBT for short control signalling, it may not be necessary unless there may be a reason to exceed the 10 % of 100 msec rule.

	Xiaomi
	Yes, the reason is same as NR-U in Rel_16 if LBT is needed for SSB transmission.

	Spreadtrum
	Yes, additional candidate SSB positions should be introduced to handle potential LBT failure.

	Sony
	Yes, it can be beneficial for handling LBT failure.


Summary of discussion
For SSB transmission, do we need to introduce additional candidate SSB positions to handle potential LBT failure?
· Yes: HW, Intel, CATT, Samsung, Spreadtrum, Lenovo, Motorola Mobility, Sony
· No: Ericsson, Nokia (use short control signalling), Qualcomm, Apple (use short control signalling)
· Further study: DCM, ZTE, Sanechips(This issue should be placed in A.I.8.2.1 to discuss)
 Misc issues
	Company
	Key Proposals/Observations/Positions

	Lenovo, Motorola Mobility
	Configured grant: Observation 7: Depending on the configuration, a collision on CG resources can cause systematic collisions between corresponding subsequent retransmissions causing transmission failure of affected packets.
Proposal 7: Adopt CG retransmission collision avoidance techniques such as retransmission deferral or additional retransmission resources.

	Xiaomi
	Proposal 2: For CG-PUSCH, mechanism and condition(s) switching between LBT and LBT-free channel access should be studied.

	TCL
	Coexistence: 11ad 
Proposal 2: RAN1 shall study directional LBT at UE side to guarantee fair coexistence with 802.11ad.

	ZTE, Sanechips
	Proposal 1: The key regulation rules for above 52.6 GHz, including channel access mechanism, OCB, COT, EIRP and PSD should be supported and enhanced to achieve good spectrum sharing with other systems, especially for Wi-Fi 802.11ad/ay.

	LG Electronics
	Proposal #2: It is necessary to enhance the method of determining ED threshold with consideration of the maximum output power and the unit LBT bandwidth applied in NR and the fair coexistence with the incumbent system (e.g., WiGig) operating in frequency range from 52.6GHz to 71 GHz.

	Samsung
	Proposal 1: The design of channel access mechanism shall comply to the regulation requirement, if applicable, and guarantee fair coexistence with 802.11 ad operating on the 60 GHz unlicensed spectrum. 

OCB Requirements
Proposal 2: RAN1 shall further clarifies the OCB requirement as follows: For each declared nominal channel bandwidth, 
· If the channel is used for DL transmission, RAN1 design should support at least one DL physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth.
· If the channel is used for UL transmission, RAN1 design should support at least one UL physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth.

	Apple
	Observation 3: Unlicensed access for NR operating between 52.6 GHz and 71 GHz in the unlicensed band will have to co-exist with existing RATs such as IEEE 802.11ad and IEEE 802.11ay that require an operating bandwidth of 2.16 GHz
Proposal 2: Support at least one mode that aligns with WiFi 11ad/11ay channels of 2.16GHz bandwidth
· Both single carrier and multi-carrier modes should be supported
· Allow an operating channel BW < 2.16 GHz bandwidth

	Convida
	Proposal 7: Wideband operation and coexistence with other RAT should be investigated considering UE power consumption and complexity. 

	Convida
	More SSB Candidates

	LGE
	LBT Mode indication

	Intel, HW
	Introduce CAPC and CW 

	AT&T 
	FBE

	AT&T
	Licensend CC assisted LBT

	Lenovo
	Observation 1: For NR unlicensed bands between 52.6 GHz and 71 GHz, for LBT based channel access mechanism, if only omni-directional LBT is supported, then the exposed node problem could result in reduce spatial reuse. 
Observation 2: For NR unlicensed bands between 52.6 GHz and 71 GHz, for LBT based channel access mechanism, if only omni-directional LBT is supported, then the coverage of the beamformed transmissions/receptions could be limited for fair coexistence by having similar range as with omni-directional LBT
Observation 3: For NR unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, if directional LBT is agreed to be supported, then the beam-management and directional LBT procedures are expected to be tightly coupled or inter-dependent. 
Observation 4: For NR unlicensed bands between 52.6 GHz and 71 GHz with LBT based channel access mechanism, if directional LBT is supported, then performing LBT only at the transmitted side may not guarantee an interference-free reception due to hidden nodes to the transmitter
Directional LBT Coupled with Beam Management

	FUTUREWEI
	Multi-Channel Operation: Proposal 5: Consider the multi-channel operation described in TS 37.213 as the baseline multi-channel NR operation.

	Interdigital
	Configuration signaling: Proposal 6: The UE receives configuration and indication of the channel access mechanism to use (omni-directional, directional, receiver based, no LBT) from the gNB. FFS if configuration/indication is by RRC or L1 signaling.
Proposal 7: RAN1 to consider if a UE can select a channel access mechanism as a function of measurements or prior LBT success or failure

	CATT
	Proposal 8:  In order to alleviate the hidden node problem in directional LBT, a method of Multi-DCI transmission in different beam direction for a PDSCH scheduling should be considered.

	TCL 
	Beam Transition/Switching:
Proposal 5: It is proposed to investigate the mechanisms which can avoid collisions due to double ownership of the shared carrier at beam transition events.

	NTT Docomo
	OCB: 
Proposal 2: Regarding potential required changes considering NR operation in unlicensed band, 
· LBT related issues, e.g. SSB candidate position and non-consecutive RO, may need to be discussed after the discussion on LBT mechanisms.
· Given the PSD and OCB related requirements and concluded interpretation, interlaced UL transmission in Rel.16 NR-U would not be needed. 



Simulation study observations
System Level Simulation Sources 
The system level simulation observations are obtained from contributions from the following sources: 
[20, Ericsson],   [4, Huawei/HiSilicon] [40, Huawei/HiSilicon] , [6, Vivo],   [16, Intel] , [14, Nokia] , [36, Qualcomm], [18, ZTE/Sanechips] , [34, Docomo], [39, Charter], [25, Samsung]. [27, Oppo]

8 companies have presented results for Indoor Scenario A ([20, Ericsson], [4, Huawei/HiSilicon] [40, Huawei/HiSilicon] , [6, Vivo],   [16, Intel] , [14, Nokia] , [36, Qualcomm], [18, ZTE/Sanechips], [25, Samsung]).

1 company has presented Indoor scenario B ([20, Ericsson]),.

7 companies have presented results for Indoor scenario C ([20, Ericsson],   [4, Huawei/HiSilicon] [40, Huawei/HiSilicon]  , [14, Nokia] , [18, ZTE/Sanechips] , [34, Docomo], [39, Charter],[[27, Oppo]]).

2 companies have presented results for Outdoor scenario B ([20, Ericsson], [4, Huawei/HiSilicon] [40, Huawei/HiSilicon]). 

Flavors of Channel Access 
The following flavors of channel access schemes have been modeled.
· No-LBT’:  No LBT Dynamic TDD :  NR operation with no restrictions on channel access mechanism. 
· ‘No-Backoff’: Dynamic TDD with some extra contention overhead, modelled by setting very high ED threshold to Tx side ED based LBT	Comment by Reem Karaki: According to our understanding of Qualcomm’s results this is performed using ED -47 dBm omni-directional LBT, so we do not understand why this is distinguished from TxED-omni. 	Comment by Sechang Myung: We share the same view with Ericsson. Based on the previous discussion in the online session, it would be better to remove this bullet.	Comment by Vinay Chande: The key defining property of this case for our layout turns out to be that no nodes silence themselves. This classification allows us to understand performance trends of silencing changing thresholds on performance, without mixing the performance penalty of silencing and contention overhead.

·  ‘TxED-omni’: Tx side ED Based LBT with Omnidirectional Sensing (‘Tx Omni LBT): Baseline LBT with sensing at the transmitter is expected to closely follow the ETSI En 302 567 based medium access procedure 
· ‘TxED-Dir’, Tx Side ED Based LBT with Directional Sensing (‘Tx Directional LBT’) 
· Rx Assisted LBT Flavors:  Multiple flavors of Rx Assistance have been modelled
· RxA-1: [20, Ericsson],   Receiver assisted LBT: the LBT procedure is evaluated at the receiver instead of transmitter. The LBT result is assumed to be available instantly at the transmitter without accounting any overhead for exchanging this information between the transmitter and the receiver  
· RxA-2: [4, Huawei/HiSilicon] [40, Huawei/HiSilicon]:  Receiver performs directional  LBT but transmitter performs Omni LBT. Further details for RxA-2 are as follows.  When UE is the receiver, UE receives a RTS from the gNB. Then, UE sends a “message B” to the gNB with CCA measurements results (dBm value of the measured interference) upon a successful LBT procedure. The latency from the reception of RTS to the transmission of “message B” is calculated equal to 4 slots for 120 kHz SCS and 22 slots for 960 kHz SCS. This includes the required time at the UE side for CCA. Then, gNB transmits PDSCH to the UE. The PDSCH processing time is calculated as 3 slots for 120 kHz and 13 slots for 960 kHz. A CAT4 LBT is performed at the gNB side before RTS transmission.   When gNB is the receiver, first gNB performs energy measurement at the directions of the UEs that have UL data. Then, gNB selects the UE with the lowest interference level. After, gNB sends PDCCH to schedule PUSCH transmission of that UE. Finally, PUSCH is transmitted after a successful CAT2 LBT. In our simulations, we have considered the preparation time from PDCCH reception to PUSCH transmission equal to 4 slots for 120 kHz SCS and 22 slots for 960 kHz SCS. A processing time for PUSCH at gNB is not modelled. The transmissions are restricted to Rank 1 for DL as well as UL throughout.
· RxA-3: [4, Huawei/HiSilicon] [40, Huawei/HiSilicon]:  Only Receiver performs directional LBT procedure. The procedure is similar to RxA-2 except that gNB does not perform any LBT before RTS transmission. 
· RxA-4: [6, Vivo]: RTS and CTS type mechanism is deployed after winning contention before transmission. The RTS / CTS type exchange is between serving gNB and the served UEs. The transmitter sends a request, and the receiver feedbacks a confirmation if the request could be successfully decoded. Unlike RTS/CTS mechanism in 802.11ad, Both the request and confirmation do not silent any other node.	Comment by Reem Karaki: Can you please also mention that: 
the actual RTS-CTS mechanism is not modelled. 

Question to vivo: what is the assumption for the processing delays for the RTS/CTS ? is there an LBT before the CTS ?	Comment by Vinay Chande: This is addressed in the text now. Thank you.
· RxA-5: [36, Qualcomm]: Rx Assistance takes the form of protecting ongoing transmissions by silencing based on sensing at the transmitters and protecting intended transmission by silencing based on sensing at the receiver.  The receiver also assists by sending silencing signals Either Omni sensing or directional sensing is applied at all nodes.  In the simulated procedure, the ECCA is performed at the gNB followed by an exchange of request/response transmissions. 	Comment by Reem Karaki: Omni “and” direction  ? how does that work ? 	Comment by Vinay Chande: Clarified now. Thank you.


· Other LBT Flavors:
· ‘Dyn-RxA’:  Dynamic [20, Ericsson], Dynamic LBT: a node operates without LBT unless the receiver experiences a failure in reception due to a drop in SINR, which reflects a presence of interferer. Only then, the node switches to LBT. Besides, when the LBT is switched on, the the RxA-1 is used RAL described in section 2.1.4 of R1-2007983 is used   
· 
· Coexistence Deployments: All cases except those described below use the same channel access mechanisms for both operators.  The following Coexistence deployments have been simulated in some cases for 2 operator scenarios. 
· Mixed Coexistence (LBT + No LBT) : [20, Ericsson],  one operator uses LBT and the other coexisting operator uses TxED-omni.
· TxED-Omni+TxED-Dir Coexistence : [18, ZTE/Sanechips]

Deployment Assumptions 
Following tables depict the key simulation assumptions and modelling assumptions across companies which can have significant impact on the relative analysis. 

Table 1 System Level Simulations setups for Indoor Scenario A
	Source
	SCS,BW 
	DL:UL
	File (MB)
	LBT Flavors 
	ED Thresholds (dBm) /CW (min,max)

	Remarks

	Ericsson
	960K/2G
	1:1
	27
	No-LBT, TxED-Omni, TxED-Dir, RxA-1, Dyn-RxA, , Mixed Coexistence


	{-47, -68} for TxED-Omni,
{-47} for TxED-Dir
{-32 for gNB/-41 for UE} for TxED-Dir,
(0,3)
	Also: No-LBT and  TxED-Omni Coexistence Simulations

	Huawei
	{960K/2G}(InH-Open)
{120K/400M} (InH mixed)
	1:1
	27(InH-Open)
8(InH mixed)
	No-LBT, TxED-Omni, TxED-Dir, RxA-2, RxA-3
	{-47 for gNB/-32 for UE}/(127,127)
	InH-Open, InH Mixed, Rank1 Transmissions

	Qualcomm
	960K/2G
	1:1
	2,8
	No-BackOff, TxED-Omni, TxED-Dir, RxA-5-Omni, RxA-5-Dir	Comment by Sechang Myung: Can it also be removed?	Comment by Vinay Chande: Please see comment above
	{-47, -67,-72},(0,3)
	Two Antenna Config. at gNB

	Vivo
	960K/2G
	
	27
	No-LBT, TxED-Omni, TxED-Dir, RxA-4-Omni, RxA-4-Dir
	{-47} (0,3),
	

	ZTE 
	960K/2G


120K/400M
	1:1
1:0

1:0
	8
27

27
	TxED-Omni, TxED-Dir, 
	{ -62,-68},
(0,10)
	Also: TxED-Dir and TxED-Omni Coexistence Simulations

	Nokia
	960K/2G
	1:1
1:0
	
	No-LBT, TxED-Omni, TxED-Dir,
	{-47}(0,3)
	

	Samsung
	960K/2G
	1:1
	27
	No-LBT, TxED-Omni, TxED-Dir,
	{-47}(0,3)
	

	Intel
	960K/2G
	1:!
	2
	No-LBT, TxED-Omni, TxED-Dir,
	{-48,-55,-65}, (0,15)
	Two Antenna Config. at UE



Table 2 System Level Simulations setups for Indoor Scenario C
	Source
Scenario C
	SCS,BW
	DL:UL
	File
	LBT Flavors 
	ED Thresholds (dBm) /CW (min,max)
	Remarks

	Ericsson
	960K/2G
	1:1
	27
	No-LBT, TxED-Omni, TxED-Dir, RxA-1, Dyn-RxA, , Mixed Coexistence
	{-47, -68} for TxED-Omni,
{-47} for TxED-Dir
{-32/-41} for TxED-Dir,
(0,3)
	Also: No-LBT and  TxED-Omni Coexistence Simulations

	Huawei
	960K/2G
	1:1
	27
	No-LBT, TxED-Omni, TxED-Dir, RxA-2, 
	{-47 for gNB/-32 for UE}/(127,127)
	Rank 1, InH-Open

	ZTE
	960K/2G

	1:0
	27
	TxED-Omni, TxED-Dir,
	{-68 dBm}
	

	OPPO
	120K/400M
	1:0
	27
	No-LBT, 
	-
	

	DCM
	960K/2G
960K/400M
	1:1
	
	No-LBT, 
	-
	

	Charter
	480K,400M,
	1:1,
5:2,
2:1
	0.5
	No-LBT, TxED-Omni
	{-47 dBm}
	



Table 3 System Level Simulations setups for Outdoor Scenario B  
	Source
	SCS,BW
	DL:UL
	File
	LBT Flavors 
	ED Thresholds (dBm) /CW (min,max)
	Remarks

	Ericsson
	960K,2GHz
	1:1
	27
	No-LBT, TxED-Omni, 
	{-47, -68} for TxED-Omni,
(0,3)
	

	Huawei
	960K,2GHz
	1:1
	27
	No-LBT, TxED-Omni, TxED-Dir, RxA-2, 
	{-47 for gNB/-32 for UE}/(127,127)
	1 Site,
7 Sites




Table 4 System Level Simulations setups for Indoor Scenario B  
	Source
	SCS,BW
	DL:UL
	File
	LBT Flavors 
	ED Thresholds (dBm) /CW (min,max)
	Remarks

	Ericsson
	960K/2G
	1:1
	27
	No-LBT, TxED-Omni, TxED-Dir, RxA-1, Dyn-RxA, , Mixed Coexistence

	{-47, -68} for TxED-Omni,
{-47} for TxED-Dir

{-32 for gNB/-41 for UE} for TxED-Dir,
(0,3)
	No-LBT and  TxED-Omni Coexistence Simulations






Observations 
Preliminary observations for system level studies are presented below.  
From the simulations submitted, we have the following (tentative) observations.
Indoor Scenario A 
Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
· Comparison of No-LBT (NLBT) and Tx Side ED based Omnidirectional Sensing (TxED-Omni) for Indoor Scenerio A: 6 Companies have compared No-LBT with Tx Side ED based Omni sensing LBT 
· Vivo, show tail and median benefits of using TxED-Omni LBT on DL, at high loading. In other cases, including all loads for UL and other loads for DL, TdxED-Omni LBT scheme shows losses. All results are at ED threshold -47.
· Intel shows gains for DL throughput at high loads with TxED-Omni LBT for all antenna configurations when BSs are ceiling mounted, and gains for 5%ile DL throughput at high loads when the BS are not ceiling mounted. Other cases including all UL cases show losses. All results are at ED threshold of -48.
· Ericsson, HW, Nokia, Qualcomm and Samsung show loss for TxED-Omni LBT with an EDT of -47 or -48 dB for all cases.

Agreement:
Capture the following in the TR:
On the LBT bandwidth (bandwidth over which a single contiguous LBT is performed) relative to channel bandwidth (as defined in RAN4), the following alternatives have been discussed. Further down-selection of one or more of these alternatives (if needed) should be further discussed when specifications are developed.
· Alt 1: LBT bandwidth equals channel bandwidth
· Alt 2: LBT bandwidth equals the minimum of channel bandwidth and the transmission bandwidth (number of RBs for a given transmission)
· Alt 3: LBT bandwidth can be wider than channel bandwidth
· Alt 4: LBT bandwidth can be narrower than the channel bandwidth, with multiple LBT subband within a channel
· Alt 5: LBT bandwidth equals with minimum supported channel bandwidth or multiples of the minimum supported channel bandwidth

Agreement:
Capture the following in the TR:
For operation where LBT is not required, it can be further discussed when specifications are developed 
· If RAN1 should introduce additional conditions/mechanisms for no-LBT to be used, or leave it for gNB implementation
· When no-LBT mode is used, if RAN1 should introduce additional restrictions, such as DFS needs to be applied, ATPC needs to be applied, long term sensing needs to be applied, certain duty cycle limitation, certain transmit power limitation, MCOT limits, etc, or leave the restriction for gNB implementation
· When no-LBT mode is used, if RAN1 should introduce mechanism for the system to fallback to LBT mode, or leave it for gNB implementation

Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
The following discussion refers to 5th percentile users as ‘tail’ users and 95th percentile users as ‘upper-tail’ users. Remarks mentioning ‘all users’ are applicable to tail, median and upper tail users at once. 
· Comparison of No-LBT  with directional LBT (TxED-Dir) for Indoor Scenario A: Vivo,  Huawei, Nokia, Samsung, Intel, Ericsson provided results
· Vivo results show gain for directional LBT ((TxED-Dir) over No-LBT for DL, high load, for tail  , median and upper tail users, and for UL, high load for tail users. For all other cases in this comparison, TxED-Dir underperforms No-LBT. (EDT -47 dBm)
· Nokia, for 100% DL presented low, medium and high load results. For all loads, their results show significant loss for both directional and omni-directional LBT for median and high-end users. Only the tail users may have some benefit from directional LBT (as compared to No-LBT), while omni-LBT provides loss also in this case (EDT -48 dBm).  
· Ericsson results show No-LBT outperforms directional LBT with (EDT -47 dBm) and directional LBT with (ED -32 dBm for gNB, ED -41 dBm for UE)
· Samsung results show gain in medium and high loads for directional LBT over No-LBT at (EDT -47 dBm) for all users for DL as well as for UL. At low loads TxED-Dir underperforms No-LBT. 
· Intel shows gains for DL throughput at high loads with TxED-Dir LBT for all antenna configurations when BSs are ceiling mounted, and gains for 5%ile DL throughput at high loads when the BS are not ceiling mounted. In other cases including all loads for UL, TdxED-Dir LBT scheme shows losses. All results are at ED threshold of -48
· Huawei largely shows loss for directional LBT over No-LBT for all loading levels and users, except DL, tail users at high loading where the results are comparable. Huawei’s TxED-Dir uses CW-Max of 127 with EDT of -47 dBm.


Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
· Comparison of Omni LBT (TxED-Omni) with directional LBT (TxED-Dir)  for Indoor Scenario A: Vivo, ZTE, Nokia, Samsung, Intel, Qualcomm, Ericsson, and Huawei, provided results

· For Omni LBT (TxED-Omni) with directional LBT (TxED-Dir) have been done with using the same ED Threshold. Additionally, Ericsson simulated directional LBT with adjusted thresholds (ED -32 dBm for gNB, ED -41 dBm for UE).  Multiple companies have evaluated adjustments to ED Threshold with directional sensing either implicitly or explicitly.
· Vivo results show that omni-directional is better than directional LBT in tail and median performance, and marginal difference in other cases. Both omni-directional and directional LBT use the same ED threshold of -47 dBm
· Samsung shows gain at all loading levels for directional LBT over omni-LBT (-47 dBm) for all users, for DL and UL traffic. 
· Intel shows that for UL TxED-Dir LBT provides better performance relative to TxED-Omni for low ED thresholds (i.e., -55 and -65 dBm) but losses for high thresholds (i.e., -48 dBm). As for DL, TxED-Dir LBT provides consistently better performances than TxED-Omni. The gain of directionality increases with more directional UE beams.
· Qualcomm results show largely a comparable performance for omni and directional sensing using equal threshold, with small benefit of directionality under gNBs with narrower beams 
· Ericsson results show that directional LBT with adjusted thresholds (ED -32 dBm for gNB, ED -41 dBm for UE) and directional LBT with ED -47 dBm, and omni-directional LBT with ED -47 dBm have comparable performance. 
· For 100% DL traffic, Nokia results show that directional LBT TxED-Dir outperforms TxED-Omni at low as well as medium loads – for median, tail as well as upper tail users. The results use EDT -487 dBm 
· For 100% DL traffic, ZTE shows gains in directional LBT for tail users and median users at ED thresholds -68 dBm and -62 dBm. The gains are also present in DL+UL Traffic at ED threshold -68 dBm and -62 dBm. 
· Coexistence: ZTE shows that an operator using directional LBT benefits in the presence of an operator using Omni LBT, relative to a deployment where both operators use Omni-LBT. The results use ED threshold -68 dBm.
· Huawei’s results show that directional LBT (TxED-Dir) does not outperform Omni LBT (TxED-Omni)


Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
· Comparison of No-LBT with receiver assisted LBT for Indoor Scenario A: Ericsson, Huawei, Vivo, provided results
· Different versions of receiver assistance modelled as presented earlier
· Ericsson results uses omni-sensing at receiver. The results do not show benefit for receiver assistance over No-LBT.
· Vivo’s results use an EDT -47 dBm, in the results, RxA-4-Omni gains in both DL and UL relative to No-LBT for tail users at high loads.  RxA-4-Omni gains in DL but loses in UL relative to No-LBT for medium and high loads at all other user percentiles and mean.  
· Huawei’s Receiver-only LBT (RxA-3) shows tail UPT and mean UPT gain compared to No-LBT in low, medium, and high traffic loads with InH Open Office channel model 40] and InH mixed channel model [40] in both UL and DL. 
· In comparison with No-LBT, Huawei shows Receiver-assisted LBT (RxA-2) Tail UPT gain in DL with high traffic load for InH open office channel model and loss in other cases. Also, Huawei shows Receiver-assisted LBT Tail UPT gain in DL with low, moderate and high traffic load for InH mixed channel model and loss in other cases.


Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
· Comparison of receiver assisted LBT versions with Omni LBT (Tx-ED-omni), and directional LBT (TxED-dir) for Indoor Scenario A: Huawei, Qualcomm, Vivo and Ericsson provided results
· Ericsson results show similar performance of receiver assisted LBT (RxA-1) and omni- directional LBT (TxED-Omni). Nonetheless, the RxA-1 implementation does not model the overhead of information exchange between the transmitter and receiver. Hence, it is expected that the actual performance of RxA-1 is worse than the simulated one
· Huawei’s both flavors of receiver assistance, Rx-Assisted LBT (RxA-2), and Receiver Only LBT (RxA-3) outperform Tx-ED-Omi and Tx-ED-Dir at all loading levels and users percentiles, with larger benefits to tail users
· Qualcomm results show gains with receiver assisted LBT for DL and UL in the median as well as tail, primarily at higher loading levels. (A)  The results show receiver assisted LBT RxA-5 Omni @EDT -67dBm and RxA-5 Dir@-67dBm 67dBm outperforms TxED-Omni and TxED-Dir as loading level increases.   (B) Qualcomm results show comparable performance of RxA-5 Omni and RxA-5 Dir for the baseline gNB Antenna Configuration. (C) Further, as directionality increases at the gNB with more antenna elements, ( i.e. when  gNB Configuration (Mg,Ng,M,N,P) = (1,1,4,8,2) is replaced with  (Mg,Ng,M,N,P) = (1,1,8,16,2)) the relative benefits of Rx-Assistance are shown to be larger,. (D) Further as silencing Threshold is decreased from -67 to -72 dBm, the relative gains of Rx-Assistance increase. At 2 gHz BW, a silencing threshold of -72dBm is close to noise floor and may not be achieved as ED but may require a sequence detection mechanism.  
· Vivo results show gains with receiver assisted LBT RxA-4-Omni relative to TxED-Omni primarily for uplink, at medium and high loads for all users.  For DL, the performance is comparable between RxA-4 Omni and TxED-Omni, except at high load tail, where RxA-4-Omni underperforms.

Agreement:
Capture the following observations in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
· Huawei shows Receiver-only LBT (RxA-3) tail UPT and mean UPT gain  compared to receiver-assisted LBT (RxA-2)  in low, medium, and high traffic loads with InH Open Office channel model [40] and InH mixed channel model [40].
· Ericsson’s results in Coexistence scenario with Operator A doing No-LBT and Operator B doing TxED-Omni LBT  at -47 dBm EDT show that the operator B performance does not degrade (i.e. no losses observed) as compared to the case when Operator B coexists with another operator using LBT.
· Ericsson’s results for Dynamic LBT shows that the performance of the network can be improved when the decision to perform LBT is done dynamically per node, as compared to semi-statically operating all nodes with LBT. 


Indoor Scenario B 
Capture the following in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
· One Company [Ericsson] submitted results for Indoor Scenario B, which is a smaller indoor scenario with 2 operators and 1 gNB each. Their observations for this case are in line with their observations for Indoor Scenario A.

Indoor Scenario C
6 companies showed results for Indoor Scenario C which depicts a single operator scenario. In this scenario, an interferer transmission is rarely expected to be stronger than the serving cell.  The LBT schemes compared are described in Table 2.

Agreement:
Capture the following in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
· Comparison of No-LBT with omnidirectional LBT (TxED-Omni) for Indoor Scenario C: Ericsson and HW show loss for TxED-Omni LBT, Charter shows roughly comparable performance
· Ericsson’s results show worse performance for TxED-Omni LBT relative to No-LBT for both threshold -47dBm and -68 dBm.  The loss is higher for EDT -68dBm.  
· Charter’s low load DL:UL 50:50 results show loss for TxED-Omni LBT  over No-LBT. Their medium load DL:UL 5:2 results show gains in DL tail user and UL median user, loss in UL tail user and comparable performance for other cases.  Their high load results for DL:UL ~2:1, show small tail gain and median loss for DL and comparable performance for UL. 
· Huawei’s results show loss for TxED-Omni LBT over No-LBT at -47dBm EDT for gNB and -32dBm EDT for UE.
· Comparison of omnidirectional LBT (TxED-Omni) with directional LBT (TxED-Dir) for Indoor Scenario C:
· In Huawei and Ericsson’s results, for equal ED threshold, Directional sensing, (TxED-Dir) and Omni sensing (Tx-ED-Omni) show comparable results. 
· ZTE show gains for directional LBT in median users as well as tail users at -68 dBm ED threshold for 100% DL traffic 
· Comparison of Rx-Assistance LBT schemes with others
· Ericsson results show similar performance of Rx Assistance (RxA-1 -Omni) and  TxED-Omni LBT but loss relative to no-LBT at both modelled ED thresholds. There is no benefit of using RxA-1 scheme over TxED-Dir LBT scheme for ED Threshold -47dBm.  
· Another form of Rx-Assistance, referred as, Dyn-RxA is shown by Ericsson to provide similar performance as No-LBT for ED Threshold -47 dBm. 
· Huawei’s results show consistent loss for receiver assistance scheme RxA-2 compared to No-LBT. RxA-2 is shown to outperform TxED-Omni and TxED-Dir for this scenario.
Outdoor Scenario B 
Two companies presented results for outdoor scenario B with set up described in Table 3.
Agreement:
Capture the following in the TR. Editorial modifications and changes to references can be made when capturing the observations in the TR.
· Ericsson results show loss of TxED-Omni LBT schemes compared to No-LBT, for two ED thresholds (-47 and -68 dBm).  TxED-Omni LBT with ED Threshold of -68 dBm dBm and -47 dBm has similar performance. HW shows loss for LBT schemes with respect to no-LBT for 1-site and 7 -site scenarios. Directional and omni LBT are comparable at -47dBm EDT for gNB and -32dBm EDT for UE.
· Huawei results show loss of TxED Omni LBT scheme compared to No-LBT for ED Threshold -47 dBm. TxED Omni and TxED-Dir are shown to have comparable performance. Receiver assisted LBT (RxA-2) is seen to improve tail performance and to a small extent median user performance at high loading levels compared to TxED-Omni, and  in all other cases seen to have comparable performance. RxA-2 simulated underperforms No-LBT in all cases. These trends hold for 7-site as well as 1-site simulations.



1st round remarks 
Note that fair comparisons of LBT schemes, especially those comparing directional vs omni LBT, must be presented with the right ED threshold pairs. A collection of proposals for directional LBT propose to change the ED threshold with directivity of the sensing beams. 

Please check the if the above observations are correct and provide your view below.
	Company
	View

	Ericsson
	1- Even though multiple companies submitted results for scenario A, not all of them assumed the same deployment assumptions. 
2- The observations as they are written now highlight benefits shown by a certain LBT scheme in certain metrics, but fail to capture that the same LBT scheme causes losses in other metrics (e.g. Vivo’s results show improvement in DL, but also show degradation in UL).
3- Staying “benefit/gain/losses” is not accurate representation of the results. It is preferred that the gains and losses are quantified. 
4- Question to ZTE: most of ZTE’s evaluations are done using an ED threshold below noise level. How can a device sense below the noise level? shouldn’t that mean that the device will never get the chance to transmit?  
5- Ericsson’s Directional LBT, no LBT and omni directional LBT comparison are not captured
6- Ericsson’s result for dynamic enabling of LBT are not captured. 
7- The evaluated Receiver assisted LBT by different companies is not explained. For example, none of the companies explain if realistic assumptions related to UE processing are assumed, and if the signalling of the handshake messages is explicitly modelled in the simulations. Qualcomm also assumes silencing of neighbouring nodes however it is not clear how that can be achieved. Our receiver assisted LBT assumed very idealistic setup and therefore the shown results represent an upper bound of achievable performance and not a realistic one. 
8- Even though the main bullet says:” Comparison of No-LBT with LBT” , the sub-bullets are discussing the performance of directional LBT. It is preferred that each LBT scheme is discussed separately. 
9- What we observed from the submitted results for scenario A is that: 
· 6 Companies have compared No-LBT with Tx Side ED based Omni sensing LBT 
· 5 out of 6 companies (Ericsson, HW, Nokia, Samsung, Intel) show loss for omni LBT for tail, median and mean at all load points in both DL and UL directions
· 1 out of 6 companies (Vivo) shows tail and median benefits of using omni LBT on DL, and tail benefit in UL high load. However, loss for omni LBT for all other UL metrics at all load points. 
· Directional vs. no LBT 
· 3 companies (HW, Ericsson, Intel) shows that no LBT outperforms directional LBT at all load points for tail, median and mean DL and UL 
· 1 company (Nokia) shows that directional LBT provides benefits in the tail in a 100% DL only scenario. But also show losses in the median and mean as compared to no LBT in the same scenario
· 1 company (Vivo) shows directional LBT provides benefits at high load for DL, and losses at all loads in UL and low and medium load for DL
· 1 company (Samsung) shows that directional LBT provides benefit at medium and high load, but losses at low load. 

· Directional vs. omni LBT 
· 4 companies (Ericsson, HW, Intel, Qualcomm) marginal difference between omni- and directional LBT using same ED threshold. 
· Vivo: omni-directional is better than directional LBT 
· Nokia: in DL only scenario, directional outperforms omni-directional
· Samsung shows gain in tail and median in medium and high loads for directional LBT over omni-LBT variants
· ZTE: for appropriate ED threshold (higher than noise level) marginal gains are observed for load and medium load. Higher gains for high load. 





	Huawei/HiSilicon
	A few comments regarding observations:
1- We are not sure why under the bullet “Comparison of No-LBT with LBT”, only the omni-directional LBT is compared to no-LBT. Based on our simulations, in most scenarios, omni-directional LBT provides the worst mean and tail UPT results among all LBT methods (omni, directional, receiver-assisted, and receiver-only). WE believe that this is also corroborated by the results of a few other companies. We think that to draw a conclusion in regards to no-LBT vs. LBT, the best (and not the worst) LBT method should be compared with no-LBT.
2- We have also simulated receiver-only LBT (where the directional sensing is performed only at the receiver side) in our updated t-doc R1-2008976 which show considerable performance gains in both UL and DL main and tail UPT compared to both receiver-assisted LBT and No-LBT. We would to request that this observation be included in the set of observations in Section 3. 


	Intel
	Observations summarized by the FL are correct. We would like to point out that we are working internally to provide additional SLS results. We will share as soon as we can.

	Huawei/HiSilicon2
	1. General comments regarding the structure of the observation:
0. We are not sure why under the bullet “Comparison of No-LBT with LBT”, only the omni-directional LBT is compared to no-LBT. Based on our simulations, in most scenarios, omni-directional LBT provides the worst mean and tail UPT results among all LBT methods (omni, directional, receiver-assisted, and receiver-only). WE believe that this is also corroborated by the results of a few other companies. We think that to draw a conclusion in regards to no-LBT vs. LBT, the best (and not the worst) LBT method should be compared with no-LBT. As such, we suggest the following changes: 
0. change the sub-bullet from “Comparison of No-LBT with LBT” to “Comparison of No-LBT with Omnidirectional LBT”
0. Add another sub-bullet “Comparison of No-LBT with LBT methods other than omni-directional” and ask companies to provide their inputs for this sub-bullet. Our comment 2-A) below can be included in this new sub-bullet. 
1. Comments regarding Huawei/HiSilicon’s simulation results:
1. Suggest to include following observation 
0. Receiver assisted LBT vs No-LBT: Huawei shows Receiver-assisted LBT Tail UPT gain in DL with high traffic load and with InH mixed channel model [R1-2008779 Fig. 22]. Moderate Tail UPT gain is also observable for Indoor open office channel model [R1-2008779, Fig. 18].
1. Under Indoor Scenario A with 2 operators, Suggest to add the following sub-bullet
1. Receiver-only LBT vs. No-LBT/Receiver-assisted LBT
Huawei shows Receiver-only LBT Tail UPT and mean UPT gain  compared to both No-LBT and receiver-assisted LBT in low, medium, and high traffic loads with InH Open Office channel model [R1-2008976 Fig. 9] and InH mixed channel model [R1-20088976 Fig. 10].


	Samsung
	First of all, the comparison of No-LBT with LBT is a little bit vague. Should have two different categories of “No-LBT v.s. omni-directional-LBT” and “No-LBT v.s. directional-LBT”

To clarify for our evaluation results, although we only show figures of mean and 5%, the gain observed is not limited to mean and 5% only. A complete set of results are shown in the table. So we propose to revise Samsung’s observations by removing “mean and tile”. 

We’ll provide further feedback after the proposal is further organized. 

	Nokia, NSB
	We share the observation made by a few other companies that when comparing No-LBT with LBT, one should elaborate what type of LBT (omni, directional…) was assumed.
We also agree with Ericsson on points 1, 2, 3, and 7 in their reply:
· the deployment assumption and potential modifications to them emphasizing e.g. interference situations should be clarified to facilitate apples to apples comparison
· both gains and losses of different schemes should be reported, without emphasizing gains 
· gains/losses should be quantified (e.g. in %)
For RX assisted schemes, one should state what the underlying assumptions are related to e.g. signalling and the associated delays and overhead. Otherwise the results may be interpreted too optimistically.

	ZTE, Sanechips
	Response to Ericsson’s question:
Thanks for the careful review on our simulation results. For the issue on why the device can access the channel when ED threshold such as -82dBm is higher than noise level, we checked the simulation platform and it turns out that noise level was not included in sensing calculation, which only counted the energy of the interference signals. Thus there might be some mismatch between the ED threshold set in the simulation and the actual ED threshold when the set threshold is below the noise level, that is, the actual ED threshold will be higher than or almost equal to noise level. Nevertheless, the results for the threshold above the noise level should be reasonable. The similar observation between Directional vs. Omni LBT can be supported by the evaluation results based on -72dBm ED threshold (as can be found in R1-2007967 Table A3-3).
Therefore, we would like to keep the original observations summarized by the FL on our simulation results, probably just adding the note that the observations are made based on appropriate ED threshold (higher than noise level) so as to exclude the results -82dBm for now.


	Ericsson
	We appreciate the updated input related to the receiver assisted LBT (RAL). But it is still not clear what is explicitly modelled in the evaluations: 

In RxA-2/3: how does the transmitter know about the LBT result at the receiver side ? is this done both at gNB and UE ? is the LBT results at the receiver reported to the transmitter ? and if yes, what is the assumed processing and feedback delay that is assumed ? 
In HW’s results, the UL has almost the same performance as the DL, and sometimes UL is better than DL. All other companies show performance difference between the DL and UL performance (DL always better than UL) which is mainly due to the scheduling and processing delays. We would like to understand how come that UL performance can be better than DL in HW’s results. Is it so that no processing delays are modelled?   
As I understand that the R1-2008976 includes new set of results with receiver only LBT, and those results show performance gain even at low load. It is not clear how that can happen since your BS-BS and UE-UE interference link CDF shows that you don’t have any interference links equal or higher than -47/-32 dBm (I expect at low load there is not much “aggregated interference”). So at least at low load, I would expect that the LBT even if you will do it at the receiver side, you will not see any gains. In fact, you should see the losses due to the back-off which should be significant since your max CW is set to 127 slots.  That is still not accounting for any overhead to report the LBT results to the transmitter. 

RxA-4: same questions as above. Is the actual RTS/CTS transmission modelled, and if yes, what is the feedback latency assumptions?  

RxA-5:  in the tables from Qualcomm, it is mentioned “Rx-Assistance: Silencing signals sent by gNB and UE after winning the medium.   Only gNBs perform extended CCA.” Then what type of sensing done at the receiver? How is the silencing procedure implemented? I mean, do you explicitly model the “RTS/CTS-like transmissions” ?
Related to the observation we have two points: 
· it should be clarified that the ED threshold used. And in case of -72, that the ED detection alone is not enough as mentioned in the contribution 
· RxA-5 observation should not be captured under comparison of “No-LBT with LBT methods… “ since the simulated “no back off ” scheme is not equivalent to no LBT and the observation that there is gains is not necessary true when comparing to no LBT. RxA-5 observation should be captured under (Rx-Assisted vs Tx Sensing LBT)
· To my understanding, case 1 (ED -47) still outperforms case 3,4,7, and 8 (Rx assisted) and that is not captured in the observations 





	Huawei/HiSilicon3
	We have added/changed some values of Huawei/HiSilicon entry in “Table 5 Indoor Scenario A” to correctly represent our simulation set up. Further, we request following modifications in the observations of Section 3.4.1. 
· Section 3.4.1. sub-bullet “Receiver assisted LBT vs No-LBT”
· Suggested modification:
· Please add the following observation: 
· “Huawei shows Receiver-assisted LBT Tail UPT gain in DL with high traffic load for InH open office channel model. Also, Huawei shows Receiver-assisted LBT Tail UPT gain in DL with moderate and high traffic load for InH mixed channel model”
· Reason:
· Please see Table H1 below that shows more than 9% coverage gain in high load scenario for open office channel model and Table H2 below that shows more than 10% and 20% coverage gains for moderate and high traffic load in InH mixed channel model.

 Table H1: 5%ile DL UPT (Mbps) results for No-LBT and Rx-Assisted LBT for indoor Scenario A open office channel model
	Scheme
	Reference
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	No-LBT
	[4] Table 01
	2690.3
	1015.6
	222.3

	Rx-Assisted LBT
	[4] Table 02
	2587.9
	994.5
	242.7

	Rx-assisted gain compared to No-LBT[
	
	-3.8%
	-2.1%
	9.2%



Table H2: 5%ile DL UPT (Mbps) results for No-LBT and Rx-Assisted LBT for indoor Scenario A InH mixed channel model
	Scheme
	Reference
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	No-LBT
	[4] Table 09
	346.9
	150.2
	62.9

	Rx-Assisted LBT
	[4] Table 10
	350.1
	165.6
	76.05

	Rx-assisted gain compared to No-LBT[
	
	0.9%
	10.2%
	20.9%



· Section 3.4.1. sub-bullet ‘Receiver-only’ LBT vs. No-LBT
· Suggested modification:
· Please modify the description of ‘receiver-only’ LBT to below for further clarification:
· “‘Receiver-only’ LBT vs. No-LBT:  According to Huawei, this is a form of directional Rx assisted sensing wherein energy sensing is performed only at the receiver side (RxA-3)”.

Answers to Ericsson’s questions:

Ericsson: In RxA-2/3: how does the transmitter know about the LBT result at the receiver side ? is this done both at gNB and UE ? is the LBT results at the receiver reported to the transmitter ? and if yes, what is the assumed processing and feedback delay that is assumed ? 

Huawei: We have simulated our Receiver-assisted and receiver-Only LBT mechanisms as follows: 

1- When UE is the receiver, UE receives a RTS from the gNB. Then, UE sends a “message B” to the gNB with CCA measurements results (dBm value of the measured interference). The latency from the reception of RTS to the transmission of “message B” is calculated equal to 4 slots for 120 kHz SCS and 22 slots for 960 kHz SCS. Note that this includes the required time at the UE side for CCA. Then, gNB transmits PDSCH to the UE. The PDSCH processing time is calculated as 3 slots for 120 kHz and 13 slots for 960 kHz.
a. Note: In the case of receiver-assisted, a CAT4 LBT is performed at the gNB side before RTS transmission. In the case of receiver-only LBT, there is no LBT at the gNB before RTS transmission. 
2- When gNB is the receiver, first gNB performs energy measurement at the directions of the UEs that have UL data. Then, gNB selects the UE with the lowest interference level. After, gNB sends PDCCH to schedule PUSCH transmission of that UE. Finally, PUSCH is transmitted after a successful CAT2 LBT. In our simulations, we have considered the preparation time from PDCCH reception to PUSCH transmission equal to 4 slots for 120 kHz SCS and 22 slots for 960 kHz SCS. We have not considered a processing time for PUSCH at gNB. 

Ericsson: In HW’s results, the UL has almost the same performance as the DL, and sometimes UL is better than DL. All other companies show performance difference between the DL and UL performance (DL always better than UL) which is mainly due to the scheduling and processing delays. We would like to understand how come that UL performance can be better than DL in HW’s results. Is it so that no processing delays are modelled?   

Huawei: In our simulation, Rank 1 transmission is considered for both UL and DL. If some other sources have used rank-2 link adaptation in their simulations, it is more likely that the transmission is carried out with rank-2 in DL and with rank-1 in UL due to the different antenna number assumption at the gNB and UE side. 
As a side note, there are also two symbols for PDCCH and one symbol for DMRS in the DL while there is only one DMRS symbol in UL. This also helps the UL UPT increase in comparison with DL UPT.



Ericsson: As I understand that the R1-2008976 includes new set of results with receiver only LBT, and those results show performance gain even at low load. It is not clear how that can happen since your BS-BS and UE-UE interference link CDF shows that you don’t have any interference links equal or higher than -47/-32 dBm (I expect at low load there is not much “aggregated interference”). So at least at low load, I would expect that the LBT even if you will do it at the receiver side, you will not see any gains. In fact, you should see the losses due to the back-off which should be significant since your max CW is set to 127 slots.  That is still not accounting for any overhead to report the LBT results to the transmitter. 

Huawei: ED threshold (-47/-32 dBm) is only used when LBT is performed at the transmitter side. As you correctly observed, very few BS-BS or UE-UE links have equal or higher than -47/-32 dBm RSRP. That is why omni-LBT and directional LBT have similar performances in our simulation results. 

However, in receiver assisted LBT or the receiver-only LBT for DL transmission, UEs only send interference measurement results to the gNB and gNB selects the UE with the lowest interference level to which it transmits DL data.  UEs only use a short fixed time interval to measure the interference (CAT2-like mechanism) and the random back-off is not used at the UE side. 
Furthermore, although we have used a large CWS of 127 for LBT cases when applicable, we have also used a large MCOT of 5ms and, therefore, the CWS value is not a large overhead for such a long channel occupancy time.  Note that CAT2 LBT can be used for HARQ feedback during the 5ms COT. 


	vivo
	Regarding the question to Rx-4, the actual RTS-CTS mechanism is not modelled. In our evaluation, the transmitter will send a request and the receiver feedbacks a confirmation if the request could be successfully decoded. Both the request and confirmation will not silent any other node.

Regarding Directional vs. omni LBT, the observation from vivo’s result should be:

Vivo: omni-directional is better than directional LBT  in tail and median performance, and marginal difference in other cases.



	Ericsson
	Thank you for the further information. We would like to discuss this further. 
Comments to HW: 
1- Receiver-only LBT: it seems this scheme is not using EN BRAN 302 567 in any way. Neither the sensing at the transmitter, nor the random back-off or the ED threshold. In fact, if our understanding is correct, what this scheme is doing is finding the least interfered UE and scheduling it. 
2- Related to your statement “UEs only send interference measurement results to the gNB and gNB selects the UE with the lowest interference level to which it transmits DL data” this can be done by s smart scheduler behaviour that can compare some RSSI measurements and make the scheduling decision. There is no need to introduce receiver assisted LBT on a txOP level. 
3- The scheme is showing some gains because the COT is very large and somehow the scheduler decision is not flexible enough for the no LBT case. When in reality, the gNB schedule should adapt to the channel situation (based on ACK/NACK feedback, etc.) and not continue scheduling the same UE for 5ms if the UE experience is that bad. I mean, for example, the gNB can probe the UE by sending data and based on the feedback decide if it wants to continue to serve the same UE or do something else.   
4- With your approach, there are losses in most metrics (up to 500 Mb/s) and gain of 10Mb/s at high load in one deployment, which in my view does not justify introducing the complicated procedure you explained and the new signals in the NR specs (RTS sent in different direction, message B from different UE, CAT2 LBT, etc…)


	LG
	For section 3.3, the values of ED threshold for each company need to be clarified or corrected. For example, Ericsson’s ED thresholds {-32/41} for TxED-Dir in Table 1 Indoor Scenario A should be corrected as {-32/-41} and Huawei’s ED thresholds {-47/32} in the same table should be clarified as {-47 for gNB, -32 for UE}.

	Ericsson
	Our evaluations for coexistence between operator using LBT and another not using LBT are not captured. 

	Huawei/HiSilicon4
	General corrections:

· Some of our simulation set up in “Table 1 Indoor Scenario A” in Section 3.3 were not accurately reflected. We have corrected these values.
· Our submitted t-doc to 8.2.3 (Reference [40]) is now updated to R1-2009459. The reference Section 4 is updated accordingly. The updated t-doc includes additional LLS results and Receiver-Only LBT results. 

View regarding “Additional proposed TRs”:

· Comparison of No-LBT with receiver assisted LBT for Indoor Scenario A:
· We have added a sub-bullet to capture our results:
·  “Huawei shows Receiver-assisted LBT (RxA-2) Tail UPT gain in DL with high traffic load for InH open office channel model. Also, Huawei shows Receiver-assisted LBT Tail UPT gain in DL with moderate and high traffic load for InH mixed channel model”
· Reason:
· Please see Table H1 below that shows more than 9% coverage gain in high load scenario for open office channel model and Table H2 below that shows more than 10% and 20% coverage gains for moderate and high traffic load in InH mixed channel model.

 Table H1: 5%ile DL UPT (Mbps) results for No-LBT and Rx-Assisted LBT for indoor Scenario A open office channel model
	Scheme
	Reference
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	No-LBT
	[4] Table 01
	2690.3
	1015.6
	222.3

	Rx-Assisted LBT
	[4] Table 02
	2587.9
	994.5
	242.7

	Rx-assisted gain compared to No-LBT[
	
	-3.8%
	-2.1%
	9.2%



Table H2: 5%ile DL UPT (Mbps) results for No-LBT and Rx-Assisted LBT for indoor Scenario A InH mixed channel model
	Scheme
	Reference
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	No-LBT
	[4] Table 09
	346.9
	150.2
	62.9

	Rx-Assisted LBT
	[4] Table 10
	350.1
	165.6
	76.05

	Rx-assisted gain compared to No-LBT[
	
	0.9%
	10.2%
	20.9%





Further answers to Ericsson:

· Receiver-only LBT: it seems this scheme is not using EN BRAN 302 567 in any way. Neither the sensing at the transmitter, nor the random back-off or the ED threshold. In fact, if our understanding is correct, what this scheme is doing is finding the least interfered UE and scheduling it. 
· EN BRAN 302 567 considers LBT mechanism only at the transmitter. As the name “Receiver-only LBT” suggests, the LBT is only performed at the receiver-side and hence does not necessarily follow the LBT mechanism in  EN BRAN 302 567. To further clarify our previous answer to Ericsson’s question, when UE is the receiver (DL scenario), after UE receives RTS from the gNB, UE sends a “message B” to the gNB with CCA measurements results (dBm value of the measured interference) that is obtained during the CAT-2 LBT procedure.  Obviously, if the detected energy exceeds EDT, “message B” is not sent. The difference between “message B” and the conventional CTS is that “message B” includes the detected energy level at the direction of the received RTS. This facilitates gNB to select the best UE for the subsequent PDSCH transmission if N UEs have received PDCCH and M >1, M<=N of these UEs pass the CAT-2 LBT procedure successfully.  Above, describes our simulation set up. Of course, CAT-2 LBT can be replaced by a CAT-4 LBT in the above procedure and we are open to discuss it.


· Related to your statement “UEs only send interference measurement results to the gNB and gNB selects the UE with the lowest interference level to which it transmits DL data” this can be done by s smart scheduler behaviour that can compare some RSSI measurements and make the scheduling decision. There is no need to introduce receiver assisted LBT on a txOP level. 

· We believe that a CAT-2 (or CAT-4) LBT at the direction of the received RTS needs to be carried at the UE side and only the UEs with the detected energy less than EDT send their energy level to the gNB for further down-selection. Also, there is a substantial difference between the conventional RSSI measurement and the energy measurement in receiver-only LBT in that energy measurement is a measurement at the specific direction of the received RTS that is triggered (along with the corresponding LBT mechanism) only when RTS is received. In turn, RSSI is a periodic omni-directional measurement.

· The scheme is showing some gains because the COT is very large and somehow the scheduler decision is not flexible enough for the no LBT case. When in reality, the gNB schedule should adapt to the channel situation (based on ACK/NACK feedback, etc.) and not continue scheduling the same UE for 5ms if the UE experience is that bad. I mean, for example, the gNB can probe the UE by sending data and based on the feedback decide if it wants to continue to serve the same UE or do something else.  
· Based on our observations, the gain mainly comes from the receiver-only LBT mechanism itself and not a long COT. Although, as you pointed out, the rts-cts like handshake procedure will take some overhead, but if hidden nodes are found before the gNB’s scheduling, it will enhance the whole networks performance comparing to using ACK/NACK feedback during the real data transmission which will increase the probability of retransmission.
Finally, we believe that a longer COT is quite typical in 60 GHz Indoor scenarios considering the large amount of data to be served and a less dynamic change in the channel conditions.

· With your approach, there are losses in most metrics (up to 500 Mb/s) and gain of 10Mb/s at high load in one deployment, which in my view does not justify introducing the complicated procedure you explained and the new signals in the NR specs (RTS sent in different direction, message B from different UE, CAT2 LBT, etc…)
· Ericsson is probably referring to the receiver-assisted scheme and not receiver-only scheme. We agree that receiver-assisted LBT shows gain compared to no-LBT only in Tail UPT. However, we have shown substantial gains of receiver-only LBT in Tail UPT and mean UPT compared to both No-LBT and receiver-assisted LBT in low, medium, and high traffic loads with InH Open Office channel model [R1-2008976 Fig. 9] and InH mixed channel model [R1-20088976 Fig. 10]. Our updated t-doc in AI 8.2.3 also provides the detailed numeric results of receiver-only LBT mechanism.
We further would like to point out that, in our opinion, it is not suitable to evaluate a solution based on a gain in Tail UPT and a loss in mean UPT and conclude that the use of the solution is not justifiable. Sometimes a 10 Mbps gain in 5% UPT means the capability to provide a service. 




2nd round remarks
Please provide additional remarks for SLS observation summary here
	Company
	Remarks

	Qualcomm
	Answering Ericsson’s question:  The Rx Assistance schemes uses (1) sensing at the receiver (2) indeed uses an active silencing mechanism – where a silencing signal like RTS/CTS is sent from the receiver. The necessary overhead is taken into account. A supervised contention is modelled, i.e. gNB performs ECCA (random backoff) and schedules UEs on winning the medium.  
Regarding the performance of Rx Assistance, RxA-5 with EDT -67 and lower are shown to outperform TxED—47dBm and others.  Cases 3,4,7,8 outperform case 1. For more directional gNBs, too, cases  13,14,15,16 are shown to outperform case 9.  We would like to emphasize that in these studies the idea of Rx-Assistance schemes is to identify the potential of Rx-Assistance and not necessarily to promote a specific protocol.

	Ericsson 
	Thanks for the good discussion. 
Response to HW: I still find it unexpected that the receiver only sensing would bring any gains at low load or the 95th perc for the DL. These loads barely see any interference. So for the majority of the cases, an overhead of 20 slots is a kill.  Why don’t we see that effect at all ?I would expect that at least the 95th perc. Becoming worse. But instead in your results it is improved. 
Companies are free to simulate their proposal; our request is to simply capture accurately what they have simulated.  For instance, the proposal by HW is applicable in scenarios when LBT is not mandated because it does not follow ETSI BRAN HS. Therefore, we ask that the channel access flavours described in 3.2 capture the accurate description of the procedure described by the companies and highlight the idealistic assumptions, if any. 
Our comment about RSSI was just an example. Please note that NR supports L1-SINR reporting which is very similar to what HW’s proposal is doing. With L1-SINR reporting the UE reports the SINR in a certain beam, and also can be triggered by DCI and the response is aperiodic on PUSCH. How this report is used by the gNB and cooperated in the scheduling decision is something that can only be done by implementation. 
Anyway, those design details are to be discussed later. For now, I think it is fair to say that for the observations, the accurate modelling should be captured along with the observations that states the finding at all loads and scenarios and not only highlighting certain gains and underestimate the losses. Also, the gain and losses should be quantified. 
  

	Qualcomm
	Ericsson: Thank you for your comment.  
Ericsson/HW/Vivo: The description of further details of LBT protocols used by different companies are captured in section 3.2. 
Apple: Thank you. Your edits/suggestions and questions are incorporated in the observation’s discussion. 
Ericsson: There is considerable difficulty in including the quantification of all the gains and losses as part of the observations. The main objective, perhaps, of the observation section could be to discover and point out trends as seen by various companies.  Adding a large amount of derived multi-dimensional comparisons along various loading levels, user percentiles, and traffic directions, is perhaps not needed, given that the data provided by companies in the email thread on evaluation results will be included as part of the TR document any way.   Further, and perhaps more importantly, the performance of system level simulations is considerably tunable by large number of configuration parameters. Therefore, many of the quantitative conclusions will have be described adjacent to the parameter assumptions, to remain meaningful and not be misleading. E.g. a gain or loss of 6% in UPT- if primarily coming from relative overhead of contention with respect to COT duration - can vanish for a different larger COT size, all well within the range of that permissible by ETSI BRAN.  
Unless companies are willing to spend time describing causal relationship between their parameter selection and their observed values of gains and losses, a quantitative description of observations is likely to be less than illuminating.


	Huawei/HiSilicon
	To Ericsson: 
We agree that gain and losses should be quantified and that is exactly why we provided Tables H1 and H2 Huawei/HiSilicon4. However, note that in the “proposed TR”, the exact loss or gain of no scheme of no company is mentioned. We are not sure if Ericsson suggests that Huawei’s results should be singled out and the exact value of its SLS gain/losses should be included in the TR?
Regarding the use of RSSI (or L1 SINR), we have to reiterate our earlier answer that CAT2 is used upon the reception of RTS. If CAT2 LBT is successful, then a measure of observed energy is sent as a response to gNB. If Ericsson prefers to send L1-SINR as the CTS-like response back to gNB, it can be an option and may be further discussed during the normative work.
Finally, regarding “capturing accurate modelling”, I would like to refer Ericsson again to R1-2008976 and R1-2009459 and the additional explanations provided in Huawei/HiSilicon3 and Huawei/HiSilicon4 answer Ericsson questions. We are OK to include more detailed modelling and assumptions of all channel access schemes of all companies in the TR including Huawei’s. Currently, only a brief description of various channel access schemes is provided in Section 3.2. Companies can discuss if further detailed description of these channel access schemes is required in that section and eventually in TR. 

	Intel
	We have a few comments mainly to properly capture observations from the results that we have provided:
· As for the TR text related to indoor scenario A, which we have already agreed upon, the ED threshold that we have used is -48, and not -47 as stated. Furthermore, based on our latest results when BSs are ceiling mounted omnidirectional LBT always outperforms the no-LBT case for DL throughput at high loads, and when the BSs are not ceiling mounted then the gain occurs only for the 5%ile DL throughput at high loads. Therefore, for correctness the text should be updated as follows: 

Intel shows gains for 5%ile DL throughput at high loads with TxED-Omni LBT for all antenna configurations when BSs are ceiling mounted, and gains for 5%ile DL throughput at high loads when the BS are not ceiling mounted. In other cases including all loads for UL and other loads for DL, TdxED-Omni LBT scheme shows losses. All results are at ED threshold of -487.

· As for the proposed TR text related to indoor scenario A used to draw conclusions when comparing no-LBT with directional LBT, we would like to the remark that the corresponding text captured by the FL is valid only for DL. For UL, we show consistent loss compared when directional LBT is used compared to no-LBT. This is consistent with the observations drawn when comparing omni-directional LBT with no-LBT. Also in light of our new results, it may be better to use similar language with the text proposed above, with the following changes:

Intel shows gains for DL throughput at high loads with TxED-Omni Dir LBT for all antenna configurations when BSs are ceiling mounted, and gains for 5%ile DL throughput at high loads when the BS are not ceiling mounted. In other cases including all loads for UL, TdxED-Omni Dir LBT scheme shows losses. All results are at ED threshold of -48.

· As for the proposed TR text related to indoor scenario A used to draw conclusions when comparing omni-directional LBT with directional LBT, the following text is only valid for UL:
Intel shows directional LBT gains relative to omni LBT for low ED threshold ( -55 and -65 dBm) but loses for high thresholds (-48 dBm). The gain of directionality increases with more directional UE beams.

For DL, the results we have provided indicate that directional LBT is consistently better than omni-directional LBT. Therefore, the proposed text should be updated as follows: 

Intel shows that for UL directional LBT TxED-Dir LBT provides better performance gains relative to omni LBT TxED-Omni for low ED thresholds (i.e., -55 and -65 dBm) but loses for high thresholds (i.e., -48 dBm). As for DL, TxED-Dir LBT provides consistently better performances than TxED-Omni. The gain of directionality increases with more directional UE beams.




	Apple
	Thank you for the detailed observations. Made some editorial comments. 



Summary of Observations and discussions
The baseline flavor of LBT modeled in all SLS evaluations submitted was a Transmitter Side Energy Detection (TxED) based scheme conforming closely to ETSI BRAN 302 567 v.2.1.20 with omni-directional sensing performed. Another common scheme for submitted results was No-LBT (unconstrained medium access). LBT and No-LBT schemes were simulated for 2 operator scenarios (Indoor Scenario A, B and Outdoor Scenario B), as well as for a single operator scenario, namely Indoor Scenario C.

As described in section 3.3, the additional scenarios simulated, with a selection of parameter combinations, were Transmitter Side Energy Detection with directional sensing, 5 flavors of receiver assistance and multiple ED thresholds. Main traffic profile was 50:50 DL:UL traffic with FTP3, modeled with different file sizes. 

Comparative results of No-LBT with TxED-Omni for a threshold of -47 dBm or -48 dBm were provided by 6 sources. At low and medium loading levels, all sources show a loss for the LBT scheme. At high loading levels, 4 sources show a loss for TxED-Omni LBT compared to No-LBT for all users while two sources show tradeoff performance for TxED-Omni scheme, i.e.  DL tail users benefit, but other users may see a performance loss. Comparing No-LBT with directional LBT TxED-Dir, also showed similar observations, with No-LBT largely outperforming TxED-Dir for low loads. Two sources showed loss for TxED-Dir LBT compared to No-LBT for all users at all loading levels. At medium loading levels, one source showed gains of directional LBT for DL and UL, while other sources showed loss. For high loading levels, 4 sources showed gains for directional LBT for tail users -two sources showed gains for for DL and UL traffic while other two showed gains in DL but loss in UL.  Among the four, two sources further showed gains for directional LBT for median users, one of them showing median user gains for both DL and UL traffic, another only for DL traffic.	Comment by Reem Karaki: Two sources loss for TxED-Dir LBT compared to No-LBT for all users, at all loading levels. 	Comment by Keyvan-Huawei: OK to add as this confirmed by one the agreed observations in Section 3.4.1	Comment by Reem Karaki: I think here it should be 4 sources. 

2 sources should gain in DL and losses in UL 
2 sources should gain in both DL and UL.	Comment by Vinay Chande: Spelt out the high loading level case more explicitly.
For other thresholds, -68dBm, TxED-Omni LBT is seen to have a loss relative to No-LBT for one source. 

Comparisons of Omnidirectional sensing (TxED-Omni), with directional LBT (TxED-Dir) could be undertaken for results from 8 sources. 7 of these sources reported results for mixed DL-UL Traffic and two sources reported results with 100% DL traffic.  For the ED threshold of -47/-48 dBm, and mixed DL-UL traffic the observations are as follows:  Among the companies showing better performance for TxED-Dir, one source reported better performance for TxED-Dir for both DL and UL traffic while one source reported gain for DL and loss for UL. 
Two sources reported comparable performance for DL and UL for both schemes.  Two sources report TxED-Dir underperforms for DL and UL. 
For lower but equal ED Threshold, of -67/-68 dBm and mixed DL-UL Traffic, two sources reported TxED-Dir outperforms TxED-Omni for tail and median users, at all loading levels for DL as well as UL.  One source reported results with more directional UE antenna configuration, and their results show that the gain of directionality increases with more directional UE. One source reported better performance for an operator using directional sensing in a coexistence scenario while the other operator performs Omnidirectional sensing, compared to a scenario where both operators performance omni sensing, this observation suggested that the impact of an operator using TxED-Dir is small on a coexisting operator using TxED-Omni.

Out of the 8 sources, two sources reported results for 100% DL traffic. For those sources, TxED-Dir outperformed TxED-Omni, for low as well as medium loads for all users. One source reported these results at EDT -47dBm while the other reported them at -62 and -68 dBm. 	Comment by Reem Karaki: Those sources are already counted in: 

Comparisons of Omnidirectional sensing (TxED-Omni), with directional LBT (TxED-Dir) could be undertaken for  results from 8 sources.  For the ED threshold of -47/-48 dBm, and mixed DL-UL traffic the observations are as follows:  Among the companies showing better performance for TxED-Dir, one source reported better performance for TxED-Dir for both DL and UL traffic while one source reported gain for DL and loss for UL. 

Either remove this text or It would be good to clarify that for example 6 sources used mixed traffic and 2 used DL only. 
	Comment by Keyvan-Huawei: We prefer to keep these lines. Can accept further necessary explanations if they are already provided in the agreed observations in Section 3.4.1 to 3.4.4.	Comment by Vinay Chande: ZTE reported results for 100%DL as well as for 50:50 DL and UL. The statement as captured is accurate. Added clarifying description in the beginning of previous paragraph
Although the above comparisons use the same threshold of TxED-Dir and TxED-omni, multiple companies have proposed ED threshold adjustment to be applied under directional sensing.

Receiver assistance was modeled in studies from 4 sources. Multiple flavors of receiver assistance were modeled as described in Section 3.2. Receiver assistance was modeled using a sensing threshold of -47dBm by 3 sources. Two sources modeled lower sensing thresholds as well. In comparison to No-LBT, one source reported no benefit or comparable performance for their flavor of receiver assistance. One source reported gains for using Rx-Assistance for tail users for DL and UL at high loads. For medium loading, the source indicated a trade-off performance with DL gaining and UL losses. Another source showed uniform benefit for using their flavor of Rx Assistance over No-LBT at low, moderate and high traffic loads in both UL and DL.	Comment by Reem Karaki: Maybe we should state here that those receiver assisted match Class A descri	Comment by Keyvan-Huawei: We prefer to keep this general. There is no classification of Rx Assisted LBT flavours in Section 3.2 (which is already agreed to be included in TR “as is”). In general, our view is that “summary of observation” is the summary of the agreed observations in Sections 3.4.1 to 3.4.4 and may not provide any additional new information that has not been agreed in those Sections. Also, as Ericsson has suggested in one of their comments in section 2.6.2, Rx-A5 is not a Class A.  	Comment by Reem Karaki: we mentioned class A, because this section is only discussing the class A flavors and not the results from Qualcomm, or our dynamic LBT results that are discussed later. 
 

In comparison to baseline TxED-Omni LBT, 23 sources showed results where their flavors of Rx assistance outperforms TxED-Omni LBT,  while one source showed comparable performance, and one source showed mixed performance where UL gains were present in median and tail, but DL tail users saw a loss.  The general observed trends are as follows: the  Rx-assistance schemes largely did not show losdid not show losss relative to TxED-Omni LBT in any simulations for all loading levels, user cases and user directions except in a case for one source, where tail users at high loading showed loss for DL . Rx-Assistance benefited more as loading level increased. Larger benefits were seen for tail users.  3 out of 4 sources simulated Rx-Assistance where the assistance was either ECCA sensing at the receiver, or form of request response. One source also modeled Rx-Assistance in the form of silencing signals being transmitted by the receiver and heard by other contending nodes. Two sources  simulated Rx-Assistance under idealistic processing delays.	Comment by Reem Karaki: we prefer if the observation is linked to the simulated receiver assisted scheme  (class A,B, and C) and not grouped all under the same umbrella. It is clear that the simulated algorithms are fundamentally different, and some are with idealistic assumptions and that should be stated. 

Also it would be clear to clarify the applicable channel access mode in which the Receiver assisted was used, e.g. 
Vivo’s and qualcomm’s scheme: applicable to LBT channel access mode 
Ericsson’s and HW’s scheme: applicable to no LBT mode (at least the receiver-only LBT which is referred to here) 	Comment by Keyvan-Huawei: We don’t see such changes and details necessary in “summary of observations”. In general, our view is that “summary of observation” is the summary of the agreed observations in Sections 3.4.1 to 3.4.4 and may not provide any additional new information that has not been agreed in those Sections. 

Section 3.2 does not classify the Receiver assisted LBT schemes as Class A, B, or C. Moreover, at least Qualcomm scheme is not a Class A (this is in fact what Ericsson brought to our attention earlier in one of their comments in Section 2.6.2). Also, Rx-A2 and Rx-A3 that are performed by Huawei are LBT schemes. In Rx-A2 LBT is performed at both Tx and Rx and in Rx-A3, LBT is performed at the Receiver. So, we would not classify Huawei schemes as “applicable to no LBT mode”.  
Results from one source indicated that relative gains of Rx-Assistance increase under higher directionality of transmissions. In studies from this source, the relative gains of Rx-Assistance also depend on ED threshold, with lower ED threshold performing better in the scenarios simulated. 

One source conducted coexistence studies between operators using No-LBT and forms of LBT with ED threshold -47 dBm, and observed comparable performance for both operators. This observation suggested that 
the operator using no LBT does not degrade the performance of the coexisting operator that uses LBT.  
. One source showed that the performance of the network can be improved when the decision to perform LBT is done dynamically per node, as compared to semi-statically operating all nodes with LBT.

Two sources provided results for an outdoor scenario with 2 operators, namely Outdoor Scenario B. Both sources showed No-LBT outperforming TxED-Omni and  TxED-Dir LBT. Results from one of the sources are seen to show Receiver Assistance RxA-2, has benefit over TxED-Omni in tail users at high loading but has a performance loss relative to No-LBT in the simulation settings. 

In all scenarios related to single operator studies, under Indoor Scenario C, done by 6 companies, transmitter side LBT schemes largely underperformed No-LBT schemes. This was seen to be the case for TxED-Omni as well as for TxED-Dir. In observations from one source, receiver assistance outperformed TxED schemes for all loading levels but continue to underperform No-LBT. 

One source submitted results for Indoor Scenario B. Their no LBT, TxED-Omni, TxED-Dir and Receiver assistance observations for this case are in line with their observations for Indoor Scenario A.

Please provide your comments below
	Company
	Comments

	Huawei/HiSilicon
	Please see our suggested modifications in Track changes along with the corresponding reasons in the sidebar. 


The baseline flavor of LBT modeled in all SLS evaluations submitted was a Transmitter Side Energy Detection (TxED) based scheme conforming closely to ETSI BRAN 302 567 v.2.1.20 with omni-directional sensing performed. Another common scheme for submitted results was No-LBT (unconstrained medium access). LBT and No-LBT schemes were simulated for 2 operator scenarios (Indoor Scenario A, B and Outdoor Scenario B), as well as for a single operator scenario, namely Indoor Scenario C.

As described in section 3.3, the additional scenarios simulated, with a selection of parameter combinations, were Transmitter Side Energy Detection with directional sensing, 5 flavors of receiver assistance and multiple ED thresholds. Main traffic profile was 50:50 DL:UL traffic with FTP3, modeled with different file sizes. 

Comparative results of No-LBT with TxED-Omni for a threshold of -47 dBm or -48 dBm were provided by 6 sources. At low and medium loading levels, all sources show a loss for the LBT scheme. At high loading levels, 4 sources show a loss for TxED-Omni LBT compared to No-LBT for all users while two sources show tradeoff performance for TxED-Omni scheme, i.e.  DL tail users benefit, but other users may see a performance loss. 
For other thresholds, -68dBm, TxED-Omni LBT is seen to have a loss relative to No-LBT for two sourcesone source. Comparing No-LBT with directional LBT TxED-Dir, also showed similar observations, with No-LBT largely outperforming TxED-Dir except in tail UPT for high traffic loads where majority of sources showed some performance gains for TxED-Dir. 	Comment by Keyvan-Huawei: If we are not mistaken, only Ericsson has compared TxED-Omni LBT with No-LBT with -68 dBm EDT. Their results are done for two scenarios though: Indoor Scenario C and Outdoor Scenario B	Comment by Keyvan-Huawei: Based on our reading on the agreed detailed observations, four companies (Vivo, Samsung, Intel, Nokia) show performance gain of TxED-Dir over No-LBT at least for the tail UPT in high load. There are also other scenarios that a subset of above sources show performance of  TxED-Dir over No-LBT.

Comparisons of Omnidirectional sensing (TxED-Omni), with directional LBT (TxED-Dir) could be undertaken for  results from 8 sources.  For the ED threshold of -47/-48 dBm, and mixed DL-UL traffic the observations are as follows:  Among the companies showing better performance for TxED-Dir, one source reported better performance for TxED-Dir for both DL and UL traffic while one source reported gain for DL and loss for UL. 
Two sources reported comparable performance for DL and UL for both schemes.  Two sources report TxED-Dir underperforms for DL and UL. 
For lower but equal ED Threshold, of -67/-68 dBm and mixed DL-UL Traffic, two sources reported TxED-Dir outperforms TxED-Omni for tail and median users, at all loading levels for DL as well as UL.  One source reported results with more directional UE antenna configuration, and their results show that the gain of directionality increases with more directional UE. One source reported better performance for an operator using directional sensing in a coexistence scenario while the other operator performs Omnidirectional sensing, compared to a scenario where both operators performance omni sensing, this observation suggested that the impact of an operator using TxED-Dir is small on a coexisting operator using TxED-Omni.	Comment by Keyvan-Huawei: According to ZTE observation in an earlier agreement:

Coexistence: ZTE shows that an operator using directional LBT benefits in the presence of an operator using Omni LBT, relative to a deployment where both operators use Omni-LBT. The results use ED threshold -68 dBm.


Two sources reported results for 100% DL traffic. For those sources, TxED-Dir outperformed TxED-Omni, for low as well as medium loads for all users. One source reported these results at EDT -47dBm while the other reported them at -62 and -68 dBm. 
Although the above comparisons use the same threshold of TxED-Dir and TxED-omni, multiple companies have proposed ED threshold adjustment to be applied under directional sensing.	Comment by Keyvan-Huawei: This is actually against a bullet in an earlier agreement and we suggest to remove it. 

In an earlier agreement regarding the detailed observations we have:

“Multiple companies have evaluated adjustments to ED Threshold with directional sensing either implicitly or explicitly.”

Receiver assistance was modeled in studies from 4 sources. Multiple flavors of receiver assistance were modeled as described in Section 3.2. Receiver assistance was modeled using a sensing threshold of -47dBm by 4 3 sources. One Two sources modeled lower sensing thresholds as well. In comparison to No-LBT, one source reported no benefit or comparable performance for their flavor of receiver assistance. One source reported gains for using Rx-Assistance for tail users for DL and UL at high loads. For medium loading, the source indicated a trade-off performance with DL gaining and UL losses. Another source showed uniform benefit for using their flavor of Rx Assistance over No-LBT at low, moderate and high traffic loads in both UL and DL. 	Comment by Keyvan-Huawei: If we are not mistaken, Qualcomm does not simulate Rx assistance using -47 dBm and only uses a lower threshold. Both Ericsson and Qualcomm simulated RX assistance using a lower EDT.	Comment by Keyvan-Huawei: Earlier agreement related to the detailed observations:

Huawei’s Receiver-only LBT (RxA-3) shows tail UPT and mean UPT gain compared to No-LBT in low, medium, and high traffic loads with InH Open Office channel model 40] and InH mixed channel model [40] in both UL and DL. 
In comparison with No-LBT, Huawei shows Receiver-assisted LBT (RxA-2) Tail UPT gain in DL with high traffic load for InH open office channel model and loss in other cases. Also, Huawei shows Receiver-assisted LBT Tail UPT gain in DL with low, moderate and high traffic load for InH mixed channel model and loss in other cases.


In comparison to baseline TxED-Omni LBT, 3 sources showed results where their flavors of Rx assistance outperforms TxED-Omni LBT, while one source showed comparable performance.  The general observed trends are as follows: the best Rx-assistance schemes largely did not show loss relative to TxED-Omni LBT in any simulations for all loading levels, user cases and user directions. Rx-Assistance benefited more as loading level increased. Larger benefits were seen for tail users.  3 out of 4 sources simulated Rx-Assistance where the assistance was either ECCA sensing at the receiver, or form of request response. One source also modeled Rx-Assistance in the form of silencing signals being transmitted by the receiver and heard by other contending nodes. 
Results from one source indicated that relative gains of Rx-Assistance increase under higher directionality of transmissions. In studies from this source, the relative gains of Rx-Assistance also depend on ED threshold, with lower ED threshold performing better in the scenarios simulated. 

One source conducted coexistence studies between operators using No-LBT and forms of LBTTxED-Omni with ED threshold -47 dBm in indoor Scenario A, and observed comparable performance for both operators. This observation suggested that the impact of an operator using No-LBT is small on a coexisting operator using LBT. 	Comment by Keyvan-Huawei: We assume that this refers to Ericsson simulations that is done for Indoor Scenario A and using TxED-Omni.

Two sources provided results for an outdoor scenario with 2 operators, namely Outdoor Scenario B. Both sources showed No-LBT outperforming TxED-Omni and  TxED-Dir LBT. Results from one of the sources are seen to show Receiver Assistance Rx-A-2, has limited benefit over TxED-Omni in tail users at high loading but has a performance loss relative to No-LBT in the simulation settings. 	Comment by Keyvan-Huawei: In our view the tail performance is not exactly limited. For instance, for 7 site scenario B, DL tail UPT for receiver assisted (RxA-2) and TxED-Omni are 198.2 and 180.6 Mbps, respectively. This amounts for 10% gain. 

In all scenarios related to single operator studies, under Indoor Scenario C, done by 6 companies, transmitter side LBT schemes largely underperformed No-LBT schemes. This was seen to be the case for TxED-Omni as well as for TxED-Dir. In observations from one source, receiver assistance outperformed TxED schemes in all loading levels for increasing loading levels but continue to underperform No-LBT.	Comment by Keyvan-Huawei: Agreement: 
RxA-2 is shown to outperform TxED-Omni and TxED-Dir for this scenario

RxA-2 outperforms TxED-Omni and TxED-Dir in all traffic loads.


	Ericsson
	Please check our side comments directly added to the text 

	Ericsson (2)
	Response to HW: 
I think there is a misunderstanding, we did not say Qualcomm’s model is class A. we said class A can be mentioned for flavors discussed in the section in the first section that talks about receiver assisted results from 3 sources. Qualcomm’s results are not mentioned there. Similarly, we said receiver-only LBT is applicable to no LBT, we did not mention Rx2. 

In our view, Rx3 is indeed applicable when we operate in no LBT mode even if LBT is applied at the receiver, since it is already agreed to use the CCA check procedure in EN 302 567 as the baseline for channel access for 60GHz band when LBT is applied. Your Rx2 is applicable to the LBT mode, but not Rx3.  But lets not have this discussion now. Our intention was to make the summary more meaningful by relating it to the proposals that should preferably motivated by the observations. 

If it is problematic for HW to include the classification, we think “their flavor” should be replaced by the exact naming of the RA flavour so that the reader can understand to which model the observation maps.

Remaining comments on the observations 
In comparison to baseline TxED-Omni LBT, 3 sources showed results where their flavors of Rx assistance outperforms TxED-Omni LBT, while one source showed comparable performance.  The general observed trends are as follows: the  Rx-assistance schemes largely did not show loss relative to TxED-Omni LBT in any simulations for all loading levels, user cases and user directions. Rx-Assistance benefited more as loading level increased. Larger benefits were seen for tail users.  3 out of 4 sources simulated Rx-Assistance where the assistance was either ECCA sensing at the receiver, or form of request response. One source also modeled Rx-Assistance in the form of silencing signals being transmitted by the receiver and heard by other contending nodes. 	Comment by Reem Karaki: I think only 2 showed that that Rx assistance outperforms omni. 
(from the agreement:)
Vivo results show gains with receiver assisted LBT RxA-4-Omni relative to TxED-Omni primarily for uplink, at medium and high loads for all users.  For DL, the performance is comparable between RxA-4 Omni and TxED-Omni, except at high load tail, where RxA-4-Omni underperforms.


	Comment by Reem Karaki: This is not true. See earlier comments about vivo’s results	Comment by Reem Karaki: Since we are stating the behaviour in here, we should also state that 2 companies assumed idealistic processing delay assumptions for receiving the Rx assistance information. 
Results from one source indicated that relative gains of Rx-Assistance increase under higher directionality of transmissions. In studies from this source, the relative gains of Rx-Assistance also depend on ED threshold, with lower ED threshold performing better in the scenarios simulated

….
[bookmark: _Hlk56006467]In all scenarios related to single operator studies, under Indoor Scenario C, done by 6 companies, transmitter side LBT schemes largely underperformed No-LBT schemes. This was seen to be the case for TxED-Omni as well as for TxED-Dir. In observations from one source, receiver assistance outperformed TxED schemes for all loading levels but continue to underperform No-LBT.. In observations from one source, receiver assistance shows no benefits as compared to TxED schemes for all loading levels and continue to underperform No-LBT.	Comment by Reem Karaki: Missing another source: 
Ericsson results show similar performance of Rx Assistance (RxA-1 -Omni) and  TxED-Omni LBT but loss relative to no-LBT at both modelled ED thresholds. There is no benefit of using RxA-1 scheme over TxED-Dir LBT scheme for ED Threshold -47dBm.  

…
One source submitted results for Indoor Scenario B. Their no LBT, TxED-Omni, TxED-Dir and Receiver assistance observations for this case are in line with their observations for Indoor Scenario A.


	Huawei/HiSilicon2
	We would like to provide the following general comments:
1- For us, and aligned with what Chairman pointed out, “summary of observation” in Section 3.4.7 is a summary of agreed observations in 3.4.1 to 3.4.4. As such, we cannot agree to include any additional new information about the simulation results that is not already agreed in the observations of Section 3.4.1 to 3.4.4.
2- We would like to see consistency in the text and we cannot agree that a name of specific scheme or a specific company is singled out. So, if an observation is tied to the name of a specific scheme (e.g., Rx-A3), then every other observation should also be tied to the names of their corresponding schemes in this summary. However, we prefer to not go down this road. This is meant to be an executive summary and more detailed observation along with the corresponding names of the schemes are already agreed in the observation sections 3.4.1 to 3.4.4.
3- We would like to see this summary agreed but we do not see it essential. So, if companies cannot agree on the summary in Section 3.4.7, it is alright not to include it in TR.
4- Although we have a couple of comments on the side comments provided by Ericsson and one of our earlier comments regarding co-existence is not answered, we are generally fine with the current executive summary “as is”. However, we assume that a new version of this executive summary is going to be provided shortly in which case may have to delay the agreement to the possible GTW meeting on Friday UTC time or a possible post-meeting Email discussion. 
Answer to Ericsson:
We are not sure why you say Rx-A3 which involves LBT at the receiver side is applicable to no-LBT mode? We probably have fundamental different understanding about what LBT mode is. 

	Moderator
	To Ericsson: 
The text is updated (1) to more precise description of results comparison of Rx Assistance to TxED-Omni, (2) to include additional language describing Ericsson observations for Indoor scenario B (3) to include additional sentence covering processing delay assumptions.

We are of the view that summary of observations need not contain such classification; the classification was not part of the simulation studies and was not used to design or select the Rx Assistance schemes modeled.  

	Huawei/HiSilicon
	Generally OK except that we cannot accept “Two sources  simulated Rx-Assistance under idealistic processing delays” due to the following reasons:
1- We do not see such an observation in any of the agreed texts in Sections 3.4.1 to 3.4.4. As we discussed above, this is an executive summary of the agreed material in Section 3.4.1 to 3.4.4 and we cannot agree with the inclusion of any new information.
2- It not clear for us these “two sources” refer to which companies. If one of these two companies is meant to be Huawei, we don’t have “idealistic processing delays”. Please see our detailed assumptions in Section 3.2 for RX-A2 and Rx-A3.
3- The question is, is the only idealistic assumption in all SLS simulations are the idealistic processing delays of Rx assisted LBTs of these two sources? We are comfortable that the answer is No. Therefore, we do not see why only the “idealistic processing delays of Rx assisted LBT” should be mentioned in the executive summary.




RSRP distribution from system simulations
Extensive RSRP statistics are available in separate figures from the companies. Indoor Scenario A has some variation in the RSRP Distributions from serving gNB. The following extracted table of DL RSRP statistics from serving cell can indicate some main source of performance differences seen in the SLS across companies 

Table 6 DL Serving Cell RSRP Statistics for Indoor scenario A/C (dBm)
	Pecentiles
	Ericsson
2GHz
	HW
2GHz
	Vivo
2GHz
	ZTE
2GHz
	Samsung
2GHz
	Intel
2GHz
	Qualcomm
2GHz
	NTT DOCOMO 400MHz /2GHz

	Median
	-45
	-48
	-52
	-56
	-49
	-48
	-62
	-61/-59

	10%ile
	-52
	-55
	-59
	-66
	-57
	-51
	-72
	-68/-66

	90%ile 
	-38
	-38
	-42
	-45
	-38
	-42
	-52
	-52/-50





Delay spread from system simulations
	Company
	Key Proposals/Observations/Positions

	Vivo 
(R1-2007654)
	DS distribution is generated for typical indoor scenes by using the SLS.  We can see that the DS of almost 80% users are less than 30ns. 

	Ericsson
(R1-2007982)
	Proposal 7. In TR 38.808, change the system level evaluation assumption for Factory Scenario A from Dense Clutter & Low BS (InF-DL) to Dense Clutter & High BS (InF-DH) to be consistent with ceiling mounted gNBs.
Proposal 8. Capture the following observation in TR 38.808. Factory Scenario A (InF-DH) results in post-beamforming delay spreads that are a significant fraction of the CP duration for 960 kHz SCS.
Observation 3.For selection of suitable SCS for the 52.6 – 71 GHz frequency range, it is important to perform link level evaluations with sufficiently large post-beamforming RMS delay spreads that are representative of a suitable range of deployment scenarios including the indoor factory scenario analyzed above (e.g., up to at least 40 ns using the agreed TDL-A model). It is important to consider the margin left over for other sources of time synchronization error such as initial timing error, timing advance setting, timing advance adjustment granularity, and timing differences expected in multi-TRP deployments.

	Intel
(R1-2007943)
	SIR as a function of maximum detected tap and offset for FFT window place wrt the tap is studied for multiple channels.
Proposal 1: Use root mean square effective channel delay spread at the receiver as a metric for system level evaluation of NR in 52.6–71GHz
Proposal 2:
· Use intersymbol interference signal to interference ratio as a metric for system-level evaluation of NR in 52.6–71GHz
· Assume the acceptable intersymbol interference level criteria is having 80% of links with intersymbol of 30dB SIR or higher
Proposal 3: Assume the dynamic FFT window placement based on the 40% CP length offset from the detected CIR peak for intersymbol interference SIR calculation
Observation 4: 85% of UEs experience RMS delay spread smaller than SCS 1.92MHz CP length (36.6 ns).

	Qualcomm
(R1-2008615)
	SINR caused by ISI is studied in SLS. 
Observation: for small range indoor hotspot deployment, the channel delay spread is not an issue with NCP. For outdoor scenarios with larger ISD and at moderate to high SNR – this may be produced by higher EIRP or smaller BW – NCP demonstrates SINR degradation compared to ECP. However, for such large coverage, high EIRP, and small BW use cases, we can choose to use a small SCS, e.g., 120kHz, with NCP.

	InterDigital
(R1-2007790)
	Shows the CDF of RMS delay spread for Indoor Factory B, Indoor Office C and Outdoor C based on the system level simulations with the agreed evaluation assumptions. 
Observation 4: While each scenario experiences different amounts of RMS delay spread, regardless of scenarios, most of UEs experience smaller RMS delay spreads than normal CP of 960 kHz.

	DCM
(R1-2009062)
	Reported the distribution of RMS delay spread (DS) of the channel for those UEs whose RSRP is larger than the specified threshold for outdoor-B scenario with the following observation.
Observation 8: The mean RMS DS of 60 GHz system in Outdoor-B scenario is about 23 ns and the 95%-tile DS value is about 80 ns.
· More than half of UE experiences channels with DS larger than 20 ns, which should be referred to in the link performance evaluation with large DS configurations.

	
	



These observations and proposals are related to SCS selection and CP length choices. These will be further discussed in 8.2.1 email discussion.
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