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1. Introduction

In RAN1#107bis-e meeting, extensive discussions were conducted on remaining issues for the channel access mechanism and the following agreements were made[1]: 

Agreement
Type A multi-channel channel access is supported.

· FFS whether legacy mechanisms such as type A1 is supported
Agreement
Introduce new parameter in RMTC-Config for L3-RSSI to indicate measurement bandwidth.

· The value range for the configured measurement bandwidth should include the maximum and the minimum channel bandwidth and the intermediate channel bandwidths defined by RAN4.

Agreement

· For DL to UL COT sharing, when the UL BWP is wider than the DL BWP, COT sharing based transmission at the UE is only supported if the transmission is within the bandwidth of DL BWP

· For UL to DL COT sharing, when the DL BWP is wider than the UL BWP, COT sharing based transmission at the gNB is only supported if the transmission is within the bandwidth of UL BWP

Conclusion

After the UE reports it LBT capability, UE does not expect the gNB to schedule UL transmission with LBT type it does not support

Agreement

· Clarify that the 5us observation slot is at the end of the 8us deferral period.

· Note: The 5us observation slot is the sensing slot [image: image1.png]


 in 37.213
· The TP below for TS 37.213 v17.0.0 is endorsed

*** <Beginning of TP for TS 37.213 v17.0.0> ***
4.4.1
Type 1 channel access procedures
This clause describes channel access procedures to be performed by a gNB/UE where the time duration spanned by the sensing slots that are sensed to be idle before a transmission(s) is random based on a fixed contention window size. The clause is applicable to any transmission initiating a channel occupancy by the gNB/UE.
The gNB/UE may transmit a transmission after first sensing the channel to be idle during the sensing slot duration of a defer duration [image: image2.png]


 and after the counter [image: image3.png]


 is zero in step 4. The counter [image: image4.png]


 is adjusted by sensing the channel for additional sensing slot duration(s) according to the steps below:

1) set [image: image5.png]


, where [image: image6.png]


 is a random number uniformly distributed between 0 and [image: image7.png]CW



, and go to step 4;

2) if [image: image8.png]N=>0



 and the gNB/UE chooses to decrement the counter, set [image: image9.png]


;

3) sense the channel for an additional sensing slot duration, and if the channel is idle for the additional sensing slot duration, go to step 4; else, go to step 5;

4) if [image: image10.png]


, stop; else, go to step 2.

5) sense the channel until either it is detected busy within an additional defer duration [image: image11.png]


 or it is detected to be idle for the sensing slot of the additional defer duration [image: image12.png]


;

6) if the channel is sensed to be idle during the sensing slot duration of the additional defer duration [image: image13.png]


, go to step 4; else, go to step 5;

In the above procedures, [image: image14.png]CW



 is the contention window and [image: image15.png]cw




. 

The defer duration is [image: image16.png]8us



and includes a sensing slot duration [image: image17.png]


 at the end of the 8 μs for performing as least a single measurement to determine whether the channel is idle.
A gNB/UE shall not transmit on a channel for a Channel Occupancy Time that exceeds [image: image18.png]5ms



.

4.4.2
Type 2 channel access procedures 
This clause describes channel access procedures to be performed by a gNB/UE where the time duration spanned by sensing slots that are sensed to be idle before a DL/UL transmission(s) is deterministic.

A gNB/UE may transmit a transmission(s) on a channel immediately after [image: image19.png]


 which includes ends with a sensing slot with of a duration [image: image20.png]


 where the channel is sensed to be idle.

*** <End of TP for TS 37.213 v17.0.0> ***
Agreement

In Rel-17, the same ED threshold determination mechanism is used for UL to DL COT sharing and for UL transmission without COT sharing with UE as initiating device.

· FFS: Spec impact for UL to DL COT sharing mechanism.

Agreement

On measDurationSymbols and reference SCS/CP for L3-RSSI

· On measDurationSymbols-r16 with ref-SCS-CP-r16=120KHz, extend measDurationSymbols-r16 to {1,14,28,42,70,140}

· On measDurationSymbols-r16 with ref-SCS-CP-r16=480KHz (if supported), extend measDurationSymbols-r16 to {1,14,28,42,70,140, 560}

· On measDurationSymbols-r16 with ref-SCS-CP-r16=960KHz (if supported), extend measDurationSymbols-r16 to {1,14,28,42,70,140, 560,1120}

In this contribution, we continue to provide our views on the remaining issues. 

2. Discussion

2.1. LBT bandwidth

	1. Overall description

RAN4 has discussed the channelization and sync raster design for several meetings and reached the following agreements in RAN4#101-bis-e meeting.
Agreement: Consider the different channelization for licensed band(s) and unlicensed band(s)
· Fixed sync raster for unlicensed bands
· Fixed scheme should not be constrained by IEEE channel raster
· Send LS to RAN1 to make sure that RAN1 accommodates the solution already now for both fixed and floating sync raster.

· For the contiguous carrier aggregation, the channel spacing of adjacent channels should be multiple of the larger SCS, i.e., 960KHz, used by two channels/CCs

· Floating sync raster for licensed bands
· Stick to the agreement last meeting for 3 x 17.28MHz as the minimum granularity.
· Refer to gap between adjacent GSCN values is not smaller than 3 x 17.28MHz 
· FFS: Unlicensed bands tries to use the sub-set of sync raster for licensed bands
In order to facilitate discussions in RAN1, RAN4 would like to also note for licensed operations the minimum granularity, RAN4 is considering 3 x 17.28 MHz for 120 kHz, 12 x 17.28 MHz for 480 kHz and 6 x 17.28 MHz for 960 kHz. RAN1 may use this information for further discussions.

2. Actions

To RAN1 group:
ACTION: 
RAN4 respectfully asks RAN1 to take the above information into account in the conclusions related to both fixed and floating channelization.


With regards to the LBT bandwidth, it was brought to our attention by the LS from RAN4 that channelization is introduced in FR2-2 by RAN4 [4]. In our understanding, the related discussions in RAN1 should take the above information in the LS into account. Therefore, RAN1 should firstly discuss whether or not to determine the LBT bandwidth based on channelization.
Proposal 1: For the LS from RAN4, RAN1 should firstly discuss whether or not to determine the LBT bandwidth based on channelization.
2.2. Multi-beam COT

2.2.1 Per-beam LBT
For a COT containing multiple transmission beams, two scenarios were considered in the previous meeting, i.e. MU-MIMO (SDM) and TDM of beams with beam switching. Different alternatives were concluded for these scenarios and down-select was made in RAN1#107-e meeting. 

Agreement

For a COT with MU-MIMO (SDM) transmission, support both Alt 1 and Alt 2 below:
· Alt 1: Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold

· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT, if the node can perform simultaneous sensing in different beams 

Note: On UE side, no UE capability will be introduced for this purpose. 
Agreement

Within a COT with TDM of beams with beam switching, at least support Alt 1
· Alt 1 (from previous agreement): Single LBT sensing with wide beam ‘cover’ all beams to be used in the COT 

Agreement

Within a COT with TDM of beams with beam switching, Alt 2 is supported if the node has the capability to perform simultaneous sensing in different beams. Alt 3 is allowed as node implementation choice if the node also supports Cat 2 LBT. The use of Alt 2 or Alt 3 is based on node’s implementation.
· Alt 2 from previous agreement: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT

· Alt 3 from previous agreement: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch

Alt 1 with a wide beam covering all transmission beams in the COT provides a simple LBT procedure, but may listen to the interference outside the transmission beam. Moreover, the overprotection issue is more serious when the transmission beams are spatially dispersive. Considering some nodes are incapable of sensing simultaneously in different beams, Alt A (i.e., per-beam LBT for different beams is performed in TDM fashion) should also be supported to increase the channel access probability.

Proposal 2: Alt A (i.e., per beam LBT for different beam is performed in TDM fashion) should be supported to address the overprotection issue of Alt 1.
First of all, we think that Alt A-2 cannot work for the device not supporting full-duplex in TDD mode, as it requires a device to perform transmission and at the same time to perform channel sensing. Therefore, this alternative does not fit for majority of the devices thus should be down-prioritized. Secondly, for Alt A-1 vs. Alt A-3, we think that it may be up to device implementation. For Alt B, it is indeed depending on device capability. 

Proposal 3: For COT containing multiple beams, including MU-MIMO (SDM) and TDM of beams, Alt A-2 is not supported. Alt A-1 and Alt A-3 can be left for implementation. 
The independent per-beam LBT sensing procedure for Alt A-1 and Alt A-3 is as shown in Fig.1. For Alt A-1, the waiting time for beam1 from completing eCCA to beginning transmission is too long, so its sensing results may be irrelevant. For Alt A-3, CCA is performed in turn between different beams to complete per-beam LBT procedure, where frequent beam switching may be needed. Thus, the LBT overhead will be further increased. To solve the potential issues of Alt A-1 and Alt A-3, Cat 2 LBT can considered to be introduced into the per-beam LBT sensing procedure. For example, the node performs eCCA on some beams, while performs Cat 2 LBT on other beams. 
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Fig.1: indepent per-beam LBT sensing procedure for Alt A-1 and Alt A-3.
Proposal 4: Introduce Cat 2 LBT for the independent per-beam LBT sensing procedure.
2.2.2 Sensing before transmission
In the last meeting, we have discussed the channel sensing behavior when the counter reaches 0, but the gNB/UE is not ready to transmit. In our understanding, the gap between the counter reaching 0 and the transmission start always exists because the node needs to perform LBT in advance as the counter is generated randomly. Therefore, one additional sensing slot immediately before the target transmission should be introduced for fair coexistence as in R16 NRU. Otherwise, the LBT results may be irrelevant with the target transmission.
Proposal 5: One additional sensing slot immediately before the target transmission should be introduced for fair coexistence as in R16 NRU.
2.3. CP Extension
In the last meeting, it was discussed whether or not to introduce CP extension for CG-PUSCH in 60GHz band. In R16 NRU, CP extension for CG-PUSCH is adopted to ensure offsets and avoid collisions between UEs. In our understanding, CP extension for CG-PUSCH is still beneficial to avoid collisions between UEs in 60GHz band, but the CPE length must be properly selected; otherwise the goal of collision free may not be achieved. As shown in figure 2, based on the latest agreement, UE performs 5 us sensing duration within 8 us before actual uplink transmission. Figure 2 shows an example where the idle slot duration is equal to 5 us and the difference between 8 us and the idle slot duration and the CPE length must be larger than the threshold to ensure a collision free environment. Given that the idle slot definition is not defined in FR2-2 and it is to be up to UE implementation. Therefore, the extreme case is that the idle slot duration may be as small as possible; even nano-second duration is allowed based on the agreement; thus the threshold for FR2-2 can be 8 us to include all the implementation possibilities. For this reason, we think that it would be reasonable to set a CPE length as a multiple of symbol duration based 120kHz SCS. This way, the collision between UEs may be avoided. 

On the other hand, for UL BWP with 480kHz and 960kHz, applying CPE may result in that the UE shall transmit uplink CG transmissions a large number of symbols in advance, e.g. a multiple of 4 symbols for 480kHz and a multiple of 8 symbols for 960kHz, which may cause potential resource wasting issue from system point of view as well as causing potential issues for the scheduling. 
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Fig. 2: CG transmission collision between UEs due to improper CPE length
Observation 1: Introducing CPE may lead the UE to perform UL transmission in large number of symbols in advance for 480kHz and 960kHz. 

Proposal 6: For CG-PUSCH in FR2-2, CP extension has a granularity of 1 symbol according to 120kHz SCS or larger than 8 us. 

2.4. LBT indication in Fallback DCI
For non-fallback DCI formats, it has been agreed to introduce new tables to indicate channel access type only for FR2-2 in RAN1#107-e meeting, including Type 1/Type 2/Type 3 channel access.
Agreement
For Non-Fallback DCI formats, for FR2-2 operation, for the configuration of the ChannelAccess-CPext field in DCI to indicate the channel access type only, new tables are introduced indicating channel access types for FR2-2, with entries “Type 1 channel access in 4.4.1 of 37.213”, “Type 2 channel access in 4.4.2 of 37.213” and “Type 3 channel access in 4.4.3 of 37.213”.

However, the ChannelAccess-CPext field in fallback DCI formats does not reach agreement. In our opinion, Type 2 channel access should be included in fallback DCI formats because fallback DCIs are used not only in the initial access but also after UE capability report and RRC configuration. Otherwise, it basically means that the gNB cannot indicate the UE to perform Type 2 LBT in the fallback DCI even if the UE has the capability, which artificially limits the usage of Type 2 LBT. 

Proposal 7: Type 2 channel access should be included in fallback DCI formats 0_0 and 1_0.

In addition, considering Type 2 LBT is an optional UE capability and the gNB is not aware of it before UE capability report, the gNB should only indicate Type 1 and Type 3 LBT in the initial access. After RRC connection, the gNB can indicate the UE to perform Type 1/Type 2/Type 3 LBT, depending on the scenarios.
Proposal 8: For a UE not reporting capable of supporting Type 2 LBT, the UE does not expect fallback DCI indicating Type 2 LBT for UL transmission to be received.
2.5. LBT type switch
For Type 1 LBT type switching within gNB COT in R16 NRU, the UE may switch from Type 1 channel access to Type 2A channel access upon detection of DCI 2_0. The functionality should be inherited in 60GHz band, but the UE switches from Type 1 channel access to Type 2 or Type 3 channel access should be further discussed. In our opinion, the gNB may configure a target LBT type between type 2 or type 3, then UE may switch to the target LBT type within gNB COT.
Proposal 9: For LBT type switching within gNB COT, the gNB may configure a target LBT type between type 2 or type 3, then UE may switch to the target LBT type within gNB COT. 
2.6. Cat-2 LBT
In the last meeting, the potential use cases of Cat-2 LBT have been discussed. In our opinion, Cat-2 LBT should be introduced for resuming transmission within the COT after a gap and Rx-assisted LBT. For resuming transmission after a gap, the gap is defined per initiating device or per initiating device per beam should be firstly discussed. In our understating, the gap duration should be counted per beam since the interference distribution between different transmission beams is not uniform. Also, it can be regarded as the use case that Cat 2 LBT is used for resuming a previously used transmission beam after a gap.
Proposal 10: Cat-2 LBT should be introduced for resuming transmission within the COT after a gap and Rx-assisted LBT.

Proposal 11: For resuming transmission after a gap, RAN1 should firstly discuss the gap is defined per device or per beam.
2.7. COT sharing
In RAN1#107bis-e meeting, it has been agreed that the separate UL to DL COT sharing ED threshold is not introduced in Rel-17 as follows: 
Agreement

In Rel-17, the same ED threshold determination mechanism is used for UL to DL COT sharing and for UL transmission without COT sharing with UE as initiating device.

· FFS: Spec impact for UL to DL COT sharing mechanism.

For the FFS point, we observe that if the higher layer parameter ul-toDL-COT-SharingED-Threshold-r16 is not provided, the COT sharing indication is 1 bit and there is fixed COT sharing duration for the gNB in Rel-16 NRU. This configuration should be adapted for FR2-2. We suggest that dynamic COT sharing information indication same as NRU is the only mechanism to be considered for FR2-2.
  SHAPE  \* MERGEFORMAT 



Proposal 12: In FR2-2, if the higher layer parameter ul-toDL-COT-SharingED-Threshold-r16 is not provided, the UL to DL COT sharing mechanism still follow the R16 NRU case as if ul-toDL-COT-SharingED-Threshold-r16 is configured. 
· Adopt following TP#1 for TS37.213 v17.0.0
	*** < Beginning of TP#1 for TS 37.213 v17.0.0> ***

4.4.4
Channel access procedures in a shared channel occupancy
*** < Unchanged parts are ommitted> ***

If a gNB shares a channel occupancy initiated by a UE using the channel access procedures described in clause 4.4.1 on a channel, the gNB may transmit a transmission that follows a UL transmission on scheduled resources or a PUSCH transmission on configured resources by the UE after a gap as follows:

-
The transmission shall contain transmission to the UE that initiated the channel occupancy and can include non-unicast and/or unicast transmissions where any unicast transmission that includes user plane data is only transmitted to the UE that initiated the channel occupancy. 

For the case where a gNB shares a channel occupancy initiated by a UE with configured grant PUSCH transmission, the gNB may transmit a transmission that follows the configured grant PUSCH transmission by the UE as follows: 

-
The UE is configured by cg-COT-SharingList-r17 where cg-COT-SharingList-r17 provides a table configured by higher layer. Each row of the table provides a channel occupancy sharing information given by higher layer parameter CG-COT-Sharing-r17. One row of the table is configured for indicating that the channel occupancy sharing is not available.
-
If the 'COT sharing information' in CG-UCI detected in slot n indicates a row index that corresponds to a CG-COT-Sharing-r17 that provides channel occupancy sharing information, the gNB can share the UE channel occupancy starting from slot n+O, where O=offset-r17 slots, for a duration of D=duration-r17 slots where duration-r17, and offset-r17 are higher layer parameters provided by CG-COT-Sharing-r17. 
*** < End of TP#1 for TS 37.213 v17.0.0> ***


· Adopt following TP#2 for TS38.212 v17.0.0
	*** < Beginning of TP#2 for TS 38.212 v17.0.0> ***

6.3.2.1.3
CG-UCI
*** < Unchanged parts are ommitted> ***

Table 6.3.2.1.3-1: Mapping order of CG-UCI fields

Field

Bitwidth

HARQ process number
4
Redundancy version

2

New data indicator

1

Channel Occupancy Time (COT) sharing information
[image: image25.png][log,C]



 if both higher layer parameter ul-toDL-COT-SharingED-Threshold and higher layer parameter cg-COT-SharingList are configured, or if both higher layer parameter ue-SemiStaticChannelAccessConfig and higher layer parameter cg-COT-SharingList are configured, or if higher layer parameter cg-COT-SharingList are configured in frequency range 2-2, where C is the number of combinations configured in cg-COT-SharingList; 

1 if higher layer parameter ul-toDL-COT-SharingED-Threshold is not configured, and if higher layer parameter ue-SemiStaticChannelAccessConfig is not configured, and if higher layer parameter cg-COT-SharingOffset is configured;

0 otherwise; 

If a UE indicates COT sharing other than "no sharing" in a CG PUSCH within the UE's initiated COT, the UE should provide consistent COT sharing information in all the subsequent CG PUSCHs, if any, occurring within the same UE's initiated COT such that the same DL starting point and duration are maintained.
*** < End of TP#2 for TS 37.213 v17.0.0> ***


2.8. Rx assisted LBT 

In RAN1#107-e meeting, alternative schemes regarding Rx-assisted LBT was discussed and the conclusion was made as follows:
Conclusion

There is no consensus to support introducing L1-RSSI mechanism for FR2-2 in Rel.17.
In our understanding, the hidden-node issue cannot be addressed by implementation. Based on the discussion in the last meeting, the implementation based scheme under Scheme 2 can be concluded that the gNB schedules UL transmission and indicates the UE to perform LBT, but the DL transmission is independent with the scheduled UL transmission. In this case, if the UL transmission is PUSCH, it requires a PUSCH transmission prior to PDSCH in Rx-assisted LBT. However, what if the UE does not have UL traffic before PDSCH should be discussed. Also, the validity duration of the Rx Assistance information should be specified. On the other hand, if the UL transmission is PUCCH/SRS as in Scheme 2-1, the gNB may not infer the LBT outcome upon detecting the scheduled UL transmission since the PUCCH/SRS can be transmitted with Contention Exempt Short Control Signaling rule.
As shown in Fig.4, the procedures of Rx-assisted LBT include two cases. Before gNB’s transmission, the gNB can send a RTS-like signal to the target UE to request transmission. If the target UE receives the RTS-like signal and responds to the gNB with a CTS-like signal to indicate it is ready for reception, the gNB can start the successive DL transmission bursts. If the target UE does not receive the RTS-like signal, or if the target UE receives the RTS-like signal but fails to send the corresponding CTS-like signal to the gNB due to LBT failure, the gNB may give up the transmission of the successive DL burst.
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Fig.4: The procedures of Rx-assisted LBT

To complete this procedure, the RTS-like and CTS-like signals should be designed for receiver-assisted LBT for unlicensed band in high frequency range. Considering that existing channels should be reused as much as possible, and also considering the reliability of signal detection, it is preferred to carry the RTS signal in a PDCCH and carry the corresponding CTS signal in a PUCCH. Which DCI format should be used to indicate the RTS signals, which information should be carried in the RTS signal, and how to determine the resource for CTS signal transmission can be further studied. 

Proposal 13: RTS-like signal can be carried in a PDCCH and CTS-like signal can be carried in a PUCCH. 

In RAN1#106b-e meeting, we had extensive discussions on the design details of Scheme 1 and Scheme 2. First of all, the principle of scheme 2 was already implemented in commercial practice and proved to have a good efficiency to address the hidden node issue. Therefore, it is justified to introduce in the spec the DL transmission restriction that the gNB should not perform DL transmission if PUCCH/SRS/PUSCH is not detected. 
Proposal 14: Introduce in the spec the DL transmission restriction that the gNB should not perform DL transmission if PUCCH/SRS/PUSCH is not detected. 

3. Conclusion

In this contribution, we discussed some considerations on channel access mechanisms for unlicensed spectrum between 52.6 GHz and 71GHz. The following proposals were made.
Proposal 1: For the LS from RAN4, RAN1 should firstly discuss whether or not to determine the LBT bandwidth based on channelization.
Proposal 2: Alt A (i.e., per beam LBT for different beam is performed in TDM fashion) should be supported to address the overprotection issue of Alt 1.
Proposal 3: For COT containing multiple beams, including MU-MIMO (SDM) and TDM of beams, Alt A-2 is not supported. Alt A-1 and Alt A-3 can be left for implementation.
Proposal 4: Introduce Cat 2 LBT for the independent per-beam LBT sensing procedure.
Proposal 5: One additional sensing slot immediately before the target transmission should be introduced for fair coexistence as in R16 NRU.
Observation 1: Introducing CPE may lead the UE to perform UL transmission in large number of symbols in advance for 480kHz and 960kHz.

Proposal 6: For CG-PUSCH in FR2-2, CP extension has a granularity of 1 symbol according to 120kHz SCS or larger than 8 us.
Proposal 7: Type 2 channel access should be included in fallback DCI formats 0_0 and 1_0.
Proposal 8: For a UE not reporting capable of supporting Type 2 LBT, the UE does not expect fallback DCI indicating Type 2 LBT for UL transmission to be received.
Proposal 9: For LBT type switching within gNB COT, the gNB may configure a target LBT type between type 2 or type 3, then UE may switch to the target LBT type within gNB COT.
Proposal 10: Cat-2 LBT should be introduced for resuming transmission within the COT after a gap and Rx-assisted LBT.
Proposal 11: For resuming transmission after a gap, RAN1 should firstly discuss the gap is defined per device or per beam.
Proposal 12: In FR2-2, if the higher layer parameter ul-toDL-COT-SharingED-Threshold-r16 is not provided, the UL to DL COT sharing mechanism still follow the R16 NRU case as if ul-toDL-COT-SharingED-Threshold-r16 is configured. 

· Adopt following TP#1 for TS37.213 v17.0.0
· Adopt following TP#2 for TS38.212 v17.0.0
Proposal 13: RTS-like signal can be carried in a PDCCH and CTS-like signal can be carried in a PUCCH.   

Proposal 14: Introduce in the spec the DL transmission restriction that the gNB should not perform DL transmission if PUCCH/SRS/PUSCH is not detected.
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37.213 Section 4.1.3


If the higher layer parameter ul-toDL-COT-SharingED-Threshold-r16 is not provided, and if 'COT sharing information' in CG-UCI indicates '1', the gNB can share the UE channel occupancy and start the DL transmission X= cg-COT-SharingOffset-r16 symbols from the end of the slot where CG-UCI is detected, where cg-COT-SharingOffset-r16 is provided by higher layer. The transmission shall not include any unicast transmissions with user plane data and the transmission duration is not more than the duration of 2, 4 and 8 symbols for subcarrier spacing of 15, 30 and 60 kHz of the corresponding channel, respectively.
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