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1. Introduction
Based on the revised WID approved at the RAN#90-e meeting [1], RAN1 discussed and endorsed some agreements on channel access mechanisms for supporting NR from 52.6 GHz to 71 GHz at RAN1#104bis-e. In this contribution, we describe our views on channel access mechanism for supporting NR from 52.6 GHz to 71 GHz, including: 
· LBT Bandwidth
· LBT with fixed sensing duration
· Rx-assistance
· LBT for initiating a COT with SDMed/TDMed multiple transmissisons
· Short Control Signalling

2. Discussion
2.1. LBT Bandwidth
Regarding the bandwidth used for CCA in the LBT mechanism, RAN1 made following agreement at the last RAN1 meeting for further down-selection from alternatives for single carrier transmission and multi-carrier transmission, respectively [4]. 
	Agreement:
For LBT for single carrier transmission, continue down selection between
· Alt SC.1. gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth)
· Alt SC.3. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth
For LBT for multi-carrier transmission in intra-band CA, continue down selection between
· Alt CA.1. gNB/UE performs multiple LBT, one for each channel bandwidth separately
· Alt CA.2. gNB/UE performs single LBT over all CCs
· Alt CA.5. Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth in each CC



For single carrier transmission, there are two remaining alternatives; Alt SC1) to perform LBT over the channel BW (or BWP BW), and Alt SC3) to define a unit of LBT BW and to perform LBT in all the LBT units in the channel BW. 

ETSI BRAN 302 567 [2] describes as follows:
	The LBT mechanism is as follows:
1) Before a single transmission or a burst of transmissions on an Operating Channel, the equipment that initiates transmission shall perform a Clear Channel Assessment (CCA) Check in the Operating Channel.
2) If it finds an Operating Channel occupied, it shall not transmit in that channel and it shall not enable other equipment(s) to transmit in that channel. If the CCA check has determined the channel to be no longer occupied and transmission was deferred for the number of empty slots defined by the CCA Check procedure, it may resume transmissions or enable other equipment to transmit on this channel.



As we described above, the term Operating Channel is defined as “channel on which the RLAN equipment has started the Adaptivity mechanism to start”. Based on this, both alternatives for single carrier transmission would comply with the ETSI BRAN regulation. 

If we go with Alt. SC1, assuming the transmissions following the LBT would be allocated within an intended CBW/BWP, no further discussion on LBT bandwidth will be required irrespective of the exact bandwidth(s) assigned for the following transmission(s). A drawback of this alternative is that it may lose a transmission opportunity if a part of the CBW (BWP) is occupied by other systems but it is not overlapped with allocated resource for the transmission.

Alt SC3 would be quite similar approach to the one in Rel-16 NR-U, but there are some differences between the regulation for Rel-16 NR-U and 52.6 – 71 GHz. In ETSI BRAN 301 893 [3] that Rel-16 NR-U follows, the Nominal Channel Bandwidth is defined as 20 MHz explicitly. Thus, it was straightforward to specify a unit of LBT bandwidth as 20 MHz in Rel-16 NR-U. On the other hand, ETSI BRAN 302 567 [2] does not specify any exact values for the Nominal Channel Bandwidth, rather it is defined as “bandwidth assigned to a single channel”. If we go with Alt SC3, we may have to start with defining the exact value(s) for LBT bandwidth. One potential way would be to define LBT bandwidth as the minimum CBW to have aligned LBT with any bandwidth to be potentially used by coexisting NR systems. RAN4 agreed that the minimum CBW for this frequency range is 100 MHz, and hence 100 MHz can be considered as the unit of LBT bandwidth in case of Alt SC3.

For multi-carrier transmission, we prefer a simple extension of the case for single carrier transmission, that is, either of Alt CA1 or CA5 depending on the choice we will make for the single carrier transmission. Alt CA2 requires only a LBT procedure for the whole bandwidth to be intended for the transmission basically. It may result in that all the intended transmissions by the LBT would need to be postponed regardless of the exact frequency domain resources assigned for each transmission even if an interference is detected at a partial LBT bandwidth. To avoid such deferral of the multiple transmissions, whether channel is available or not should be determined per transmission in our view.  

In summary, we are fine with either Alt SC1 or SC3 for single carrier transmission case, and we prefer Alt CA1 for multi-carrier transmission case if Alt SC1 is adopted for single carrier transmission case, otherwise if Alt SC3 is adopted for single carrier transmission case, we prefer Alt CA5 for the consistency.

Proposal 1:
· For LBT for single carrier transmission and multi-carrier transmission in intra-band CA, support either of the following:
· Alt.A: Adopt Alt SC.1 (gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth)) for single carrier transmission and Alt CA.1 (gNB/UE performs multiple LBT, one for each channel bandwidth separately) for multi-carrier transmission in intra-band CA
· Alt.B: Adopt Alt SC.3 (Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth) for single carrier transmission and Alt CA.5 (Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth in each CC) for multi-carrier transmission in intra-band CA
· Minimum CBW can be considered as the unit of LBT bandwidth


2.2. LBT with fixed sensing duration
ETSI BRAN 302 567 [2] specifies only a single type of LBT with random back-off for the operation in 60 GHz band, while 301 893 [3] also specifies another type of LBT for 5 GHz RLAN, which is the one with fixed sensing duration. It is supported in Rel-16 NR-U as well for certain cases, e.g., DRS with at most 1 ms duration (and at most 1/20 duty cycle) or a responding transmission with a gap of a certain period. Although not specified yet in ETSI BRAN, we see the benefit to extend the support of LBT with fixed sensing duration in 60 GHz. 

For instance, it can be beneficial for initiating a responding transmission with a certain duration of gap as well as in Rel-16 NR-U (i.e., COT sharing). Although ETSI BRAN 302 567 describes that “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”, after longer gap, such responding transmission would be more likely to collide with other transmission(s) as other device(s) can detect the channel is not occupied during such gap. Similar approach to Rel-16 NR-U should be considered as well as the maximum gap after which Cat 2-like one-shot LBT is required for a responding transmission. 

We would like to note that in Japanese regulation for 60 GHz, channel sensing functionality is required for all the transmissions with transmit power above 10 dBm [5]. Therefore, in addition to Cat 1 (no LBT) based COT sharing mechanism, it would be necessary to support Cat 2 based COT sharing mechanism to comply with a certain regional regulation such as in Japan.

Proposal 2: Cat 2 LBT, i.e., LBT with fixed sensing duration, should be introduced for 60 GHz unlicensed band operation, at least to support COT sharing.
· Other use cases can be studied further


2.3. Rx-assistance
Since the use of narrower beams is assumed, LBT with directional sensing beam can be considered in 60 GHz. If directional beam is used for LBT, the transmitter performing the LBT can detect interference from the direction associated with the sensing beam only. However, to avoid causing the collision at the receiver, interference from receiving beam directions should be detected from the receiver point of view. Directional LBT at the transmitter may not be sufficient to detect such interference at the receiver, and Rx-assistance would be beneficial to resolve this issue. 

To achieve the Rx-assistance for LBT mechanism, three alternatives were captured at RAN1#104-e: Alt 1) Legacy RSSI measurement and reporting with possible enhancements, Alt 2) AP-CSI report with possible enhancements and Alt 3) LBT at receiver with eCCA or Cat2 LBT. 

RSSI/CO measurement and reporting are supported in Rel-16 NR-U, where UEs can report the linear average of the measured RSSIs and the rounded percentage of the sampled RSSI values which are beyond a certain threshold, i.e., it can report the sensing result at UE to gNB. We think it should be a starting point for supporting Rx-assistance, at least for long-term manner. On the other hand, there are some aspects which are essential for 60 GHz operation but not yet considered in the current framework of RSSI/CO measurement and reporting in Rel-16 NR-U. One is the aspect related to beam-based operation. For example, during the measurement of RSSI/CO, directional Rx beam would be likely to be used in 60 GHz to achieve sufficient gain for detecting interference correctly. However, in the current supported RSSI/CO measurement and reporting, nothing related to such beam-related aspects are considered. Since the reported RSSIs/COs with different directions could imply different information for gNB, we believe such beam-related aspects would be worth being considered as “possible enhancements”. 

AP-CSI reporting is also supported in the current NR already, so we think reusing it would also be possibility here as well as RSSI/CO measurement and reporting. Since AP-CSI reporting is triggered by DCI, it enables gNB to have information on CSI related to the associated A-CSI-RS in more timely manner than RSSI/CO measurement and reporting. Therefore, if PHY-level short-term acquisition of Rx-assistance is required, the use of AP-CSI reporting could be one of the straightforward approaches, while some enhancements could also be necessary here, e.g., whether/how to calculate and report beam specific interference level. 

LBT (or sensing) at receiver itself, as captured as Alt 3, seems possible in Alt 1 already. Also, Alt 2 can provide gNB with Rx-assistance information in a timely manner sufficiently. Therefore, we do not see a strong need to discuss further on Alt 3. 

Proposal 3: For Rx assistance, support Alt 1 (Legacy RSSI measurement and reporting with possible enhancements) and/or Alt 2 (AP-CSI report with possible enhancements):
· Alt 1 with enhancements to consider beam-related aspects should be a starting point at least for the support of long-term Rx-assistance
· Alt 2 should also be considered if the need of short-term Rx-assistance is observed


2.4. LBT for initiating a COT with SDMed/TDMed multiple tranmsissions
When transmissions are SDMed/TDMed, different beams are (can be) applied for different transmissions. To reduce the risk of collisions, all the beams to be applied for the intended transmissions in a COT should be assessed by the associated LBT beforehand technically. To cover this issue, several alternatives on how to perform LBT are discussed for a COT and SDMed/TDMed transmissions, respectively, at RAN1#104-e. They can be roughly divided into the two types: one is to perform a single LBT sensing at the start of COT covering all the beams to be used in the COT, and the other is to perform independent per-beam LBT at the start of COT for beam to be used in the COT. RAN1 made following agreements at the RAN1#104bis-e meeting for further discussion [4].
	Agreement:
For a COT with MU-MIMO (SDM) transmission, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 in earlier agreement) is considered, the following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed in TDM fashion
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams

Agreement:
Within a COT with TDM of beams with beam switching, when independent per-beam LBT sensing at the start of COT is performed for beams used in the COT (Alt 2 or Alt 3 in earlier agreement) is considered, the following alternatives are further considered
· Alt A: The per-beam LBT for different beams is performed one after another in time domain
· Alt A-1: The node completes one eCCA on one beam, and directly move on to the eCCA on the other beam, with no transmission in the middle
· Alt A-2: The node completes one eCCA on one beam, start transmission with the beam to occupy the COT, then move on to the eCCA on the other beam
· Alt A-3: The node performs eCCA of the different beams simultaneous, round robin between different beams
· Alt B: The per-beam LBT for different beams is performed simultaneously in parallel, assuming the node has the capability to simultaneously sense in different beams




In general, we believe the same beam(s) for the transmission(s) should be used for LBT initiating a COT. For SDMed transmissions, the SDMed multiple beams will be used at the same time for the transmission. Therefore, a single LBT using the SDMed beams for sensing at the start of COT should also be possible as well as per-beam LBT, and would detect the actual channel condition that the transmitter should consider more correctly. 

For TDMed multiple transmissions, as the transmissions are literally TDMed, we think the sensing beams for the transmissions should also be TDMed basically, i.e., per-beam independent LBT would be preferred since the device may not be able to use exact same beams as used for TDMed transmissions if LBT with those beams are performed simultaneously. If such TDMed beams are intentionally multiplexed for simultaneous LBT, the receiver gain per beam could be different than the actual transmit gain to be considered for each transmission. 

For per-beam independent LBT for TDMed transmissions, there are three sub-alternatives (A-1, A-2 and A-3) in above agreement. In our understanding, Alt A-2, as it literally is, would be something already possible even under BRAN regulation. The later eCCA is, regardless of a COT obtained by the earlier LBT is expired or not, always possible. In this sense, while we do not see the necessity to discuss it further, we are fine with Alt A-2. On the other hand, another alternative which is slightly different from Alt A-2 may need to be considered also. For example, eCCA with one beam is performed to start the COT and shorter LBT (e.g., Cat-2 LBT) is performed to switch the transmission beam within the COT. Although it could be one efficient way to obtain channel(s) for multiple transmissions, since the later beam may be checked only by shorter LBT, reliability of the result for the later beam may not be sufficient. 

Proposal 4: 
· For LBT initiating a COT with SDMed multiple transmissions, support a single LBT at the start of COT, covering all the SDMed beams. 
· For LBT initiating a COT with TDMed multiple transmissions, support independent per-beam LBT at the start of COT (Alt A-1) or at the start of transmission with changed beam within a COT (Alt A-2). 


2.5. Short controlling signaling
Short control signaling is defined in [2] as follows:
	4.2.6 Short Control Signalling Transmissions
4.2.6.1 Applicability
The present requirement shall apply to all equipment within the scope of the present document.
4.2.6.2 Definition
Short Control Signalling Transmissions are transmissions used by the equipment to send management and control frames without sensing the channel for the presence of other signals.
4.2.6.3 Limits
The use of Short Control Signalling Transmissions shall be constrained as follows:
· within an observation period of 100 ms;
· the total duration of the equipment's Short Control Signalling Transmissions shall be less than 10 ms within said observation period.
4.2.6.4 Conformance
The conformance tests as defined in clause 5.3.8 shall be carried out.



So far RAN1 made following agreements.
	Agreement:
· Contention Exempt Short Control Signaling rules can be applicable to the transmission of SS/PBCH.
· FFS: What are the other DL signals and channels that can be multiplexed with SS/PBCH transmission under Contention Exempt Short Control Signaling rule
· FFS: Whether this can be applied to all supported SCS or specific SCS.
· FFS: Extension to discovery burst if it is defined including signals other than SS/PBCH
· Note: Restriction for short control signalling transmissions apply (10% over any 100ms interval)
· FFS: Other DL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as PDCCH, broadcast PDSCH, PDSCH without user plain data, CSI-RS, PRS, etc

Agreement:
For contention exemption short control signalling based DL transmission of SS/PBCH, further consider if the following signals/channels can be multiplexed with SS/PBCH block transmission.
· RMSI PDCCH and RMSI PDSCH
· Other broadcast PDSCH
· PDSCH without user-plane data 
· PDCCH
· CSI-RS
· PRS
· Other signals/channels contained in Discovery Burst (i.e., exemption applies to Discovery Burst)
Note: Total exempted signals/channels should meet the restriction of 10% over any 100ms interval.
FFS: If contention exemption short control signalling based DL transmission is allowed when not multiplexed with SS/PBCH block transmission.
Agreement:
· Contention Exempt Short Control Signaling rules apply to the transmission of msg1 for the 4 step RACH and MsgA for the 2-step RACH for all supported SCS.
· Note restriction for short control signalling transmissions apply (10% over any 100ms intervals)
· Alt 1: The 10% over any 100ms interval restriction is applicable to all available msg1/msgA resources configured (not limited to the resources actually used) in a cell
· Alt 2: The 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective
· FFS: Other UL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as msg3, SRS, PUCCH, PUSCH without user plain data, etc




In DL, RAN1 agreed that Contention Exempt Short Control Signaling rules can be applicable to SSB, and the applicability to other DL transmissions is FFS. Another FFS is whether to make the rule applicable to all the SCSs or only certain SCS(s). Meanwhile, for UL, it was agreed that the rules can be applicable to msg1/msgA transmission for all the SCSs. The applicability to the other UL transmissions is FFS as well as DL. 

In our understanding, the only limits required in the regulation would be periodicity-related aspects: 1) within an observation period of 100 ms, and 2) the total duration of the equipment’s Short Control Signalling Transmissions shall be less than 10 ms within said observation period. At least there should not be any additional limitation depending on SCS. In addition, since the concept of contention exempt short control signalling transmission is to protect important periodic transmission for stable system operation, basically signals/channels in such category (as listed in above 2nd and 3rd agreements) can be considered in addition to SS/PBCH block as long as the above limits are complied per equipment.

[bookmark: _GoBack]Proposal 5: Contention Exempt Short Control Signaling rules can be applicable irrespective of SCS 

Regarding the interpretation of the rules captured in the 3rd agreement, our view is Alt 2 (i.e., the 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective) as BRAN regulation is per device regulation. Rather it should be common among any transmissions including other than msg1 and msgA. 

Proposal 6: Support Alt 2 on the interpretation of Contention Exempt Short Control Signaling rules, i.e., the 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective

3. Conclusion
Based on the discussion in this contribution, we made following proposals.

Proposal 1:
· For LBT for single carrier transmission and multi-carrier transmission in intra-band CA, support either of the following:
· Alt.A: Adopt Alt SC.1 (gNB/UE performs LBT over the channel bandwidth (or BWP bandwidth)) for single carrier transmission and Alt CA.1 (gNB/UE performs multiple LBT, one for each channel bandwidth separately) for multi-carrier transmission in intra-band CA
· Alt.B: Adopt Alt SC.3 (Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth) for single carrier transmission and Alt CA.5 (Define a unit of LBT bandwidth and gNB/UE performs LBT in all the LBT units (to be transmitted in) in the channel bandwidth in each CC) for multi-carrier transmission in intra-band CA
· Minimum CBW can be considered as the unit of LBT bandwidth

Proposal 2: Cat 2 LBT, i.e., LBT with fixed sensing duration, should be introduced for 60 GHz unlicensed band operation, at least to support COT sharing.
· Other use cases can be studied further

Proposal 3: For Rx assistance, support Alt 1 (Legacy RSSI measurement and reporting with possible enhancements) and/or Alt 2 (AP-CSI report with possible enhancements):
· Alt 1 with enhancements to consider beam-related aspects should be a starting point at least for the support of long-term Rx-assistance
· Alt 2 should also be considered if the need of short-term Rx-assistance is observed

Proposal 4: 
· For LBT initiating a COT with SDMed multiple transmissions, support a single LBT at the start of COT, covering all the SDMed beams. 
· For LBT initiating a COT with TDMed multiple transmissions, support independent per-beam LBT at the start of COT (Alt A-1) or at the start of transmission with changed beam within a COT (Alt A-2). 

Proposal 5: Contention Exempt Short Control Signaling rules can be applicable to the transmission of SS/PBCH and multiplexed signals/channels within a same transmission burst irrespective of SCS 

Proposal 6: Support Alt 2 on the interpretation of Contention Exempt Short Control Signaling rules, i.e., the 10% over any 100ms interval restriction is applicable to the msg1/msgA transmission from one UE perspective
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