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[bookmark: _Ref178064866]Introduction
This document discusses the impact of directional LBT and LBT mode change on consistent LBT failure detection/recovery procedure and CG HARQ retransmissions based on the documents submitted to A.I. 8.20.2.       

Deadline:
· Comment deadline, 1st phase: Thursday W1, 0500 UTC (for collecting views)
· Rapporteur proposals, 1st phase: Thursday W1, 2000 UTC (proposed resolution of issues)
· Document deadline, 1st phase: Friday W1, 0500 UTC (report, agreed CRs,final approved LS, etc.) 
       Intended outcome: Discussion summary in R2-2201709.
        
[bookmark: _Toc462951630][bookmark: _Toc465023135][bookmark: _Toc462951621][bookmark: _Toc465023136][bookmark: _Toc465346829]Discussion
Following RAN1 agreements have been made w.r.t directional LBT/per-beam LBT sensing:
	Agreements in RAN1#107e:

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

Agreement in RAN1#104bis-e:
For a COT with MU-MIMO (SDM) transmission,
· Alt A: The per-beam LBT for different beams is performed in TDM fashion
· 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
Within a COT with TDM of beams with beam switching,
· Alt A: The per-beam LBT for different beams is performed one after another in time domain
· 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 the following some related RAN1 agreements w.r.t to supported LBT modes are listed:
	Agreement in RAN1#105-e:
For regions where LBT is not mandated, gNB should indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode
· Support both cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) and UE specific (can be different for different UEs in a cell as part of UE-specific RRC configuration) gNB indication



1.1 LBT failure indication from PHY (per beam/UL transmission)
The assumption for Rel-16 is basically that UE is performing only omni-directional LBT. However, for the NR operation in higher frequency bands up to 71GHz in Rel-17, RAN1 introduced the support of per-beam LBT sensing, e.g. also referred to as directional LBT, according to the RAN1 agreements listed above. 
For SDM transmissions, UE may either perform a single LBT sensing at the start of the COT with a wide beam ‘covering’ all beams to be used in the COT or may perform independent per-beam LBT sensing simultaneously at the start of COT for beams used in the COT. One straightforward question is how the LBT failure counting and LBT failure indication from PHY to MAC is performed for Rel-17. This will have an immediate impact to the LBT procedures in RAN2, i.e. LBT failure detection/recovery procedure.
If LBT sensing with a wide beam covering all Tx beams is used, once LBT fails, UL transmissions cannot be performed within the COT. In this case, Rel-16 LBT failure detection/recovery may be reused and no changes are necessary. 
For the case that independent simultaneous per-beam LBT sensing is performed for all beams, the LBT status of each beam may be different as mentioned in various contributions, e.g. [8]. Here the question is whether LBT failure is counted and indicated to MAC per beam or still per UL transmission, i.e. PHY indicates to MAC whether an UL transmission could be performed as a result of directional LBT sensing. If the first option is adopted, LBT failure should be counted and indicated per beam, which has some impacts on LBT operation in MAC. Otherwise, Rel-16 LBT failure detection/recovery may be reused.
The rapporteur assumes that there are basically two general options on how LBT failure may be counted and indicated from PHY to MAC.
· Option 1: LBT failures are counted and indicated to MAC independently per beam
· Option 2: LBT failures are counted and indicated to MAC per UL transmission 



Question 1: Do you agree that following two general options can be considered for LBT failure counting and indication (from PHY to MAC) for the case of a COT with MU-MIMO (SDM) transmission and independent per-beam LBT sensing.
· Option 1: LBT failures are counted and indicated to MAC independently per beam
· Option 2: LBT failures are counted and indicated to MAC per UL transmission

	Company
	Yes/No
	Detailed Comments

	Nokia
	Yes
	There does not seem to be really any justification to make this unnecessarily complex. We can follow existing procedure with option 2 and I hope companies realize there is no time to design new way of doing LBT anymore.

	Xiaomi
	Yes
	To clarify, option 1 should be per beam per UL transmission. And the case of a COT with MU-MIMO (SDM) transmission is only for gNB LBT.
BTW, we would also like to hear company’s view on whether LBT for PUSCH beam and PUCCH beam should be considered separately given that they use different beams.

	Ericsson
	comments
	For NR 71 GHz, LBT failure is rare or even nonexistent. LBT is not a requirement in all regulatory regions or bands, and thus it has been agreed to support both a mode with and without LBT. Even for regions/bands where LBT is required, given the fact that the inherent use of narrow beams and the large path loss significantly reduces the probability of interference, LBT failure would be rather rare. Give this in mind, support of consistent LBT failure handling would not be helpful for a UE. In addition, consistent LBT failure procedure will need to be improved in case the UE is configured with both LBT and no-LBT operation, which leads additional design efforts for RAN2.  Therefore, given limited time for RAN2 in Rel-17, it is unnecessary for RAN2 to spend efforts to improve an unimportant feature, rather RAN2 should prioritize protocol support of RAN1 design as defined in the WID.
In addition, regarding beam based LBT, we think there is no stable status in RAN1 and RAN4 either. It is likely that RAN1 will not be able to finalize /complete work for directional LBT in time in R17. 

In addition, LBT failure detection and recovery is an optional feature. The network can just choose to not configure this feature for the UE. Or configure the feature, but, the counter is to be very big, while the timer is set to be very short to make the LBT failure not to be triggered.

As a summary, option 2 can be acceptable, meaning RAN2 shall not prioritize any enhancement of the feature given there is limited time and the above arguments.

	ZTE
	Yes
	Since LBT sensing per beam is supported in RAN1, we think it is worth discussing whether LBT failure per beam is counted.

	OPPO
	Yes
	The mechinasm of consistent LBT failure detection and recovery is mainly for the case when uplink get stalled, depends on the configuration of the counter threshold and the failure detection timer, the network can actully decides how “sensitive” the UE triggeres the consistent LBT failures. When it comes to per-beam LBT, it’s still under network control on how the consisten LBT failure is triggered, thus all those priciples for designing the R16 NR-U consistent LBT failure deteciton and recoevry can be applied. Furthermore, it’s our understanding that the current framework of consistent LBT failure and reconvery can still be reused as the baseline when it comes to per-beam LBT, unless critical issues are identified. Thus, we think option 2 can be considered as baseline.

	LGE
	Yes
	We think these two options can be considered from RAN2 perspective. It needs to be decided by RAN1 whether to take only one of the option or both options. 

	Apple
	We agree that both approaches are possible
	But also think that RAN2 can choose a simpler approach for Rel-17

	Intel
	Yes, see also comments
	RAN1 is discussing similar issue on this related to the whole LBT procedure whether 1 beam LBT fails mean the whole procedure fails or only if all beam LBT fails.  This will probably provide the outcome of the L1 failure indication to MAC.

	Huawei, HiSilicon
	Yes
	From RAN2 perspective, we agree the two options can be considered however we think Option 2 is simpler and easier for implementation.

	Qualcomm
	Yes
	

	Lenovo/Motorola Mobility
	Yes
	

	InterDigital
	Yes
	Given that directional LBT is supported in R17, we think it is worth discussing which option to support for LBT failure detection. 

	Samsung
	Yes
	Same view with Nokia and Ericsson.
Considering the limited time in R17, we prefer to reuse the existing LBT failure procedure with option 2 for now.

	CATT
	Yes
	



Summary:
(13/14) Proposal 1: RAN2 agrees that following two general options can be considered for LBT failure counting and indication (from PHY to MAC) for the case of independent per-beam LBT sensing.
· Option 1: LBT failures are counted and indicated to MAC independently per beam
· Option 2: LBT failures are counted and indicated to MAC per UL transmission, i.e. no beam indication included

The rapporteur thinks it would be good to understand better the impacts of the two options for the RAN2 LBT procedures and to also discuss whether there would be from RAN2 point of view a preference for one of the options given certain potential benefits.
As mentioned in [8] with Option 2 there may be no impact to the RAN2 LBT procedures, i.e. current LBT failure detection and recovery procedure can be reused. Per-beam LBT sensing would be basically invisible to MAC layer.  

Question 2: Do companies agree that with Option 2, i.e. LBT failures are counted and indicated to MAC per UL transmission, current Rel-16 LBT procedures can be reused, i.e. no change to LBT failure detection and recovery procedure needed?

	Company
	Yes/No
	Detailed Comments (in case of No)

	Nokia
	Yes
	

	Xiaomi
	Yes
	

	Ericsson

	Yes
	See our comments for Question 1

	ZTE
	Yes
	

	OPPO
	Yes
	

	LGE
	See comment
	It may depend on when the PHY indicates the LBT failure indication, i.e., when all beams are LBT-failed or only one beam is LBT-failed.

If LBT failure indication is received when all beams are LBT-failed, Rel-16 LBT failure recovery procedure can be triggered only when LBT for all beams fails concurrently and consecutively. 
If LBT failure indication is received when only one beam is LBT-failed, Rel-16 LBT failure recovery procedure may be triggered too frequently and unnecessarily. Thus, it is early to say that current Rel-16 LBT procedure can be reused as it is for option 2.

	Apple
	Yes
	

	Intel
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Qualcomm
	Yes
	

	Lenovo/Motorola
	Yes
	

	InterDigital
	Yes
	

	Samsung
	Yes
	

	CATT
	See comments
	Just reminding, there is a RAN1 agreement as following:
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.
That is, LBT for Msg1/MsgA can be exempted, there is no LBT result indication from L1 even there is interfere around UEs, it may cause lbt-FailureDetectionTimer expires and LBT_COUNTER reset 0 too earlier.
[bookmark: _Toc37296246][bookmark: _Toc46490375][bookmark: _Toc52752070][bookmark: _Toc52796532][bookmark: _Toc60791811]RAN2 need discuss whether/how to enhance the procedure of   LBT failure detection and recovery procedure in TS 38.321 IN section 5.21.2.




Summary: 
(12/14) Proposal 2: RAN2 agrees that with Option 2, i.e. LBT failures are counted and indicated to MAC per UL transmission, current Rel-16 LBT procedures can be reused, i.e. no change to LBT failure detection and recovery procedure needed. 
There was one comment that the earlier RAN1 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” may need to be considered in RAN2. However, this seems to be irrespective of whether per-beam LBT failure indication is supported or not. 

It’s one question whether the current LBT failure detection and recovery procedure would be also suitable for a per-beam LBT failure indication. In Rel-16 consistent LBT failure is detected per UL BWP by counting LBT failure indications, for all UL transmissions, from the lower layers to the MAC entity. RRC configures an LBT counter and a timer (i.e. lbt-FailureDetectionTimer). LBT counter is initialized to zero and incremented for every LBT failure indication from PHY. The timer is restarted every time the LBT counter is incremented. When the timer expires LBT counter is reset to 0. If the LBT counter reaches a preconfigured threshold (i.e. lbt-FailureInstanceMaxCount), consistent LBT failure is detected. 
[5] discusses what’s the criteria for declaring consistent LBT failure for cases when LBT failure is indicated per beam. In one approach MAC entity does not increment the LBT_COUNTER when at least one beam is LBT-successful. The consistent LBT failure will be declared only when LBT for all beams on the active BWP is failed concurrently. In an alternative approach MAC entity increments LBT_COUNTER whenever LBT fails for at least one beam. Thus, MAC entity may declare a consistent LBT failure even if the physical layer can transmit data using the LBT-successful beam on the active BWP. 
[1] discusses whether the consistent LBT failure detection and recovery procedure needs to be adapted when granularity of LBT failure indication is changed to per-beam. It proposed that LBT_COUNTER and lbt-FailureDetectionTimer are maintained per beam in order to avoid the situation that consistent LBT failure may be triggered even though none of the multiple beams experiences consistent LBT issues.
In [2] the scenario of the network switching UE’s transmission beam due to UE’s movement or rotation is brought up. Here it’s questioned whether the counter for consistent LBT failure detection for the original direction shall be continued or reset when reusing the Rel-16 mechanism. 
Based on companies input, it is the rapporteur’s understanding that some changes/enhancements to the LBT failure detection and recovery procedure may be necessary in case LBT failure are indicated per-beam from PHY to MAC. RAN2 would need to further discuss the criteria when consistent LBT failure is declared. 

Question 3: Do companies agree that with Option 1, i.e. LBT failures are counted and indicated to MAC independently per beam, certain changes/enhancements to the Rel-16 LBT procedures, i.e. LBT failure detection and recovery procedure, are required? RAN2 would need to further discuss for example the condition for declaring consistent LBT failure when considering directional LBT sensing results.

	Company
	Yes/No
	Detailed Comments 

	Nokia
	Yes
	Quite a few changes are likely required and lengthy discussions. 

	Xiaomi
	Yes
	Currently, LBT_COUNTER is counted per BWP, not per beam. If multiple Tx beams are used in parallel, LBT failure indications from different beams will be counted together. Consistent LBT failure may be triggered even without any of the beams whose LBT failure reaches the maximum value. In fact, there may be no consistent LBT issues on any beam. To solve the issue, LBT_COUNTER and lbt-FailureDetectionTimer can be run per beam.

	Ericsson
	Yes
	Agree with Nokia. In addition, UE or gNB may change between different sensing beams or cover beams. In case a wider sensing beam covering multiple transmission beams in the COT, how to count the LBT failure instances for the sensing beam? 
In addition, how shall the UE choose different recovery actions including
1) Switch beam 2) switch BWPs 3) switch cell 4) switch carrier etc.
All these things will easily eat up the remaining time for RAN2 in R17. 

	ZTE
	Yes
	Some changes are needed, for example, declaring condition of consistent LBT failure is per beam or multiple beams and what is LBT failure recovery procedure.

	OPPO
	Yes
	For example, RAN1 needs to indicate to MAC the per-beam LBT failures so that MAC can maintain the corresponding counter and timer.

	LGE
	Yes
	

	Apple
	Yes, changes are needed in RAN2 with option 1
	

	Intel
	Yes
	Agree with Nokia

	Huawei, HiSilicon
	No
	Even though LBT failure indication is per beam, MAC can follow the current LBT failure detection and recovery procedure without any changes. The MAC layer will count each LBT failure, regardless of its beam information.

	Qualcomm
	Yes
	If LBT is reported per beam, there should be a use for this at MAC and thus there will need to be changes to the existing MAC procedure.

	Lenovo/Motorola Mobility
	Yes
	Further discussion is required. For example it should be discussed whether certain action is performed if a certain beam experiences consistent LBT issues, e.g. deactivating the beam etc. 

	InterDigital
	Yes
	To benefit from the added information of beam-based LBT failure indication from RAN1, some changes would be required. However, the changes are not necessary and could be introduced in a future release if time is an issue. For example, as Huawei says, the LBT failure indication could be per beam but handled by MAC without consideration of the beam information in R17.

	Samsung
	Yes
	The existing consistent LBT failure detection/recovery procedure is originally designed to handle the data stall problem per UL BWP. Thus, if the LBT failures are indicated per beam, it is obvious that we need to modify/enhance the current design, which leads to quite long discussion. 

	CATT
	Yes
	



Summary: 
(13/14) Proposal 3: RAN2 agrees that with Option 1, i.e. LBT failures are counted and indicated to MAC independently per beam, certain changes/enhancements to the Rel-16 LBT procedures, i.e. LBT failure detection and recovery procedure, are required.

As mentioned before it would be good to also understand if companies see some necessity/benefit (from RAN2 point of view) if MAC layer is aware of directional LBT results, i.e. per-beam LBT failure indication. [2] argues that since the main spec impacts for LBT failure detection when involving directional LBT results can be foreseen in RAN2, RAN2 should discuss whether consistent LBT failure procedure shall involve directional LBT results. In [3] it is e.g. mentioned that UE may inform have a more finer control transmission resources if directional LBT results are known in MAC layer, e.g. NW if a certain Tx beam experiences consistent LBT issues so that NW may not use this Tx beam for subsequent UL transmission/COT. Hence the question is whether NW or the system benefits from having more detailed information of LBT issues, i.e. directional LBT results.
On the other hand, in [4] it is stated that for NR 71 GHz, LBT failure is a generally a rare or even non-existent event. Further considering also the limited time for RAN2 in Rel-17, they think it is unnecessary for RAN2 to spend efforts to improve the LBT failure detection and recovery procedure and propose hence to RAN2 to down-prioritize optimization of consistent LBT failure handling for NR operation with 71 GHz in Rel-17.	

Question 4: Do companies see a benefit from RAN2 point of view if MAC layer is aware of directional LBT results, i.e. per-beam LBT failure indication from PHY to MAC?

	Company
	Yes/No
	Detailed Comments

	Nokia
	No
	Difficult to see motivation at this point of time

	Xiaomi
	Yes
	See our comment for Q3

	Ericsson 
	No
	

	ZTE
	Yes
	When there are LBT failed beams, if transmission is performed in the beam of LBT success, per beam LBT failure indication is beneficial considering auto retransmission for CG PUSCH.

	OPPO
	No
	

	LGE
	Yes
	As answered in Q2, the current Rel-16 LBT procedure may be inappropriate for per-beam LBT failure handling. We also think that per-beam LBT failure indication from PHY would be beneficial for finer UL resource control.

	Apple
	We prefer No
	

	Intel
	No
	The main purpose of the consistent LBT failure detection and recovery is to recover from consistent failure of the UL transmission.  Hence we do not see a per-beam LBT failure indication is useful from this point of view. It may bring some benefit from the UL resource point of view but it is unclear how much gain this will achieve and this will require RAN1 to evaluate.   

	Huawei, HiSilicon
	No
	We believe the potential benefit may exist, but quite limited.

	Qualcomm
	No
	Given that LBT failures will be rare in FR2-2, the benefit of consistent LBT failure detection per beam is marginal at best and only in some corner cases.

	Lenovo/Motorola
	No
	Given the limited time for Rel-17, we think that it would be better to stick to the Rel16 mechanism. We also assume that RAN1 will not have sufficient time to introduce new per-beam LBT indication mechanism, since further details would need to be discussed.

	InterDigital
	Yes
	One benefit is avoidance of premature declaration of LBT failure. For example, a UE may accumulate consistent LBT failures on a first beam while simultaneously being able to transmit on a second beam. It would be unnecessarily burdensome to trigger LBT failure recovery while the UE is still capable of transmitting in the BWP.

	Samsung
	No
	Not for now. 

	CATT
	Yes
	




Summary:
(9/14) Proposal 4: RAN2 sees only limited benefits if MAC layer is aware of directional LBT results, i.e. per-beam LBT failure indication from PHY to MAC. Therefore, from RAN2 point of view there is no need that PHY provides per-beam LBT failure indications to MAC in Rel-17.

[1][5][9] proposed to send an LS to RAN1 in order to ask whether per-beam LBT sensing assumes per-beam LBT failure indication or per-UL transmission LBT failure indication as in the legacy and whether RAN1 sees any issues with the LBT failure detection and recovery procedure for the case of directional LBT.
It is the rapporteur’s understanding that it would be good to have a common understanding on whether RAN2 sees some motivation/necessity for making MAC aware of directional LBT results before deciding to send an LS to RAN1. Such information should be provided to RAN1 in the LS. RAN1 has so far not discussed any changes to the LBT failure indication to MAC. 

Question 5: Do companies see a need to send an LS to RAN1 asking about LBT failure indication from PHY to MAC for the case of per-beam LBT sensing?

	Company
	Yes/No
	Detailed Comments (In case of Yes please provide some more information on what to ask RAN1)

	Nokia
	No
	We can naturally indicate that RAN2 prefers not to specify this at this point of time

	Xiaomi
	Yes
	

	Ericsson
	No
	Agree with Nokia

	ZTE
	
	We agree with the rapporteur and it will be good to have common understanding about the motivation. It is noted that RAN1 is discussing whether LBT indication per beam is informed to the MAC layer.

	OPPO
	No
	

	LGE
	Yes
	We think that even if LBT failure detection/recovery procedure is specified in MAC, the operation relies on the LBT failure indication from PHY, which is designed by RAN1. 
Therefore, it should be clear whether the LBT failure indication from PHY is per beam or per UL transmission. The required change in LBT failure recovery procedure can only be discussed after getting more detailed information on LBT failure indication from RAN1. 
Thus, we should ask RAN1 whether LBT failure indication is per beam or per cell (i.e., per UL transmission).

	Intel
	Maybe
	As mentioned in our response to Q1, we also understand that RAN1 is discussing this point as well and may provide information on this to RAN2.RAN 2 can also indicate to RAN1 that RAN2 prefers Option 2

	Huawei, HiSilicon
	No
	RAN1 has completed their discussion and they have not made any changes to LBT failure indication, it is not preferred to further involve RAN1 at this stage.  

	Qualcomm
	No
	If we decide to keep Rel-16 LBT failure procedure, there is no need to inform RAN1.

	Lenovo/Motorola Mobility 
	No
	Agree with Qualcomm

	InterDigital
	Yes
	The whole discussion is not needed in RAN2 if RAN1 doesn’t support LBT failure indication per beam.

	Samsung
	No
	

	CATT
	Yes
	




Summary: 
(7/14) Proposal 5: Assuming Proposal 4 is agreed, there is no need to send LS to RAN1 

1.2 LBT Mode (LBT/no-LBT) switching 

According to RAN1 agreements for NR operation in unlicensed bands between 52.6 GHz and 71 GHz, switching between LBT and no-LBT based channel access mechanism is supported for regions where LBT is not mandated. gNB should indicate to the UE in which channel access mode to operate. The background for supporting a no-LBT mode is that shared spectrum operation with high directivity systems experiences low interference and good performance on the aggregate. Moreover, the gain of a LBT based channel access mechanism over the no-LBT scheme seems to be rather small. The signaling will support whether a cell or UE uses LBT (via the IE LBT-mode) which can also change during an RRC connection [7].
When channel access mechanism is configured as no-LBT, it means for the MAC protocol operation that no LBT failure indications will be received from the lower layer. For the MAC procedures/timers which are impacted based on LBT outcome the rapporteur doesn’t foresee any specific issue when no LBT failure indications are received. Therefore, it is the understanding that current specifications already support the no-LBT mode implicitly. 

Question 6: Do companies agree that the “no-LBT mode” is already implicitly supported by Rel-16 specifications?

	Company
	Yes/No
	Detailed Comments 

	Nokia
	Yes
	

	Xiaomi
	Yes
	From MAC point of view, current MAC specification can support the no-LBT mode implicitly.

	Ericsson
	yes
	

	ZTE
	Yes
	

	OPPO
	Yes
	

	LGE
	Yes
	

	Apple
	Yes
	

	Intel
	Yes
	

	Huawei, HiSilicon
	Yes
	It is completely same as the licensed operation if no-LBT mode is adopted.

	Qualcomm
	Yes
	

	Lenovo/Motorola Mobility 
	Yes
	

	InterDigital
	Yes
	

	Samsung
	Yes
	

	CATT
	Yes
	



Summary:
(14/14) Proposal 6: “no-LBT mode” is already implicitly supported by Rel-16 specifications. 

[8] raises the issue that in Rel-16 NR-U, cg-RetransmissionTimer is always configured for operation with shared spectrum channel access. However, in Rel-17 for the no-LBT mode autonomous retransmisisons are not needed. Therefore, they propose that cg-RetransmissionTimer should be optional for operation in the shared spectrum in FR2-2.

Question 7: Do companies agree that cg-RetransmissionTimer should be optional for operation in the shared spectrum in FR2-2?

	Company
	Yes/No
	Detailed Comments 

	Nokia
	Maybe
	This looks logical to be optional. We will check this in more detail but if agreed to be optional of course then it is always possible to configure it properly. So safe option is to set it optional or just ignored by UE if no-LBT is configured.

	Xiaomi
	Yes, but nothing need to be specified
	In R17 NR IIoT URLLC, cg-RetransmissionTimer is already optionally configured as agreed in RAN2 #112 below:
- cg-RetransmissionTimer can be configured optionally for shared spectrum
- When cg-RetransmissionTimer is configured, Rel-16 NR-U mechanism is used for HARQ process ID and RV selection.
-  When cg-RetransmissionTimer is not configured, Rel-16 URLLC mechanism may be used for HARQ process ID and RV selection.

	Ericsson
	No strong view
	Share the same understanding as Nokia

	ZTE
	Yes
	Since No LBT mode is introduced, and the probability of LBT failure decreases even if LBT mode is configured, auto retransmission cannot or infrequently occur. Hence it is unnecessary to restrict to configure it always.

	OPPO
	Yes
	

	LGE
	Yes
	

	Apple
	Yes
	

	Intel
	Yes
	In Rel-17 IIoT discussion, for UCE, our understanding is that cg-RetransmissionTimer is already optional in shared spectrum while in UCE. This can be extended to the case for the no LBT mode  

	Huawei, HiSilicon
	Yes
	In Rel-17 IIoT, it is agreed that “ cg-RetransmissionTimer can be configured optionally for shared spectrum” in RAN2#112-e meeting. We can follow the principle for FR2-2.

	Qualcomm
	Yes
	

	Lenovo/Motorola Mobility
	Yes
	

	InterDigital
	Yes
	

	Samsung
	Yes
	With assumption that the no-LBT mode would be properly configured by the network (i.e., only when there is not much contention), autonomous retransmission might not need to be mandatory. Agree with the motivation.



Summary:
(12/13) Proposal 7: cg-RetransmissionTimer is optional for operation in the shared spectrum in FR2-2.

In [8][3] some detailed MAC protocol aspects, e.g. LBT related timer handling, when switching the LBT mode, e.g. from no-LBT to LBT and vice versa, are discussed. One issue mentioned is the initializing of the LBT_Counter to zero when switching the LBT mode. Furthermore, [8] proposed that when LBT mode is changed from LBT to no-LBT, lbt-FailureDetectionTimer is stopped, if running. All triggered consistent LBT failure(s) are canceled. If there is ongoing RACH procedure which is related to consistent LBT failure, it should be stopped. [3] further proposes to discuss whether pending autonomous retransmissions are being continued after LBT mode is switched to no-LBT etc.  

Question 8: Do companies agree that RAN2 should further discuss some detailed MAC protocol aspects for the case of a LBT mode switch, e.g. LBT related timer/procedure handling, pending autonomous retransmissions?

	Company
	Yes/No
	Detailed Comments 

	Nokia
	No
	We trust proper UE implementations here. anyway mode change is unlikely to happen (at least frequently)

	Xiaomi
	No
	First, no need to stop lbt-FailureDetectionTimer when switched to no-LBT mode, as no failure indication will be received from PHY any more, then lbt-FailureDetectionTimer can expire and LBT_COUNTER can be reset.
Second, regarding ongoing RACH procedure triggered by consistent LBT failure, UE should not stop it, because UE switched its UL BWP, RACH procedure is needed to tell network the used UL BWP.
Third, regarding triggered consistent LBT failure(s), it would still be useful for UE to send LBT failure MAC CE for network to better understand the situation.

	Ericsson
	No
	RAN2 shall focus on the issues which have been discussed in RAN1 to ensure the WI to be finished on time.

	ZTE
	Yes
	

	OPPO
	No
	

	LGE
	See comments
	We are ok to discuss LBT related timer/procedure handling. 
Regarding pending autonomous retransmission, we don’t think that should depend on LBT mode. Autonomous retransmission can be continued based on CGRT as in the legacy. If autonomous retransmission is not necessary, the network may need to de-configure the CGRT so that autonomous retransmission is not performed any longer in the UE side. 

	Apple
	No
	

	Intel
	No
	

	Huawei, HiSilicon
	No
	We don’t see any motivation to support dynamic change of LBT mode. It shall be semi-statically, similar to channel access mode for Rel-16 NR-U.

	Qualcomm
	Maybe
	It seems that Rel-16 procedures can work as is, assuming gNB configures CGRT and LBT failure parameters accordingly when LBT mode switches. It can be good to verify this.

	Lenovo/Motorola Mobility
	Yes
	Since those issues are purely RAN2 issue, we could discuss details in next meeting. We don’t assume many changes are necessary. However we think it would be good to at least discus the behaviour when changing the LBT mode.

	InterDigital
	No
	We agree with Nokia.

	Samsung
	No
	Same understanding with Xiaomi. 


	
Summary:
Proposal 8: RAN2 assumes that no protocol changes are required in order to support LBT mode change, e.g. LBT related timer/procedure handling, pending autonomous retransmissions. FFS whether this needs to be further verified.
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Based on companies feedback the following is proposed:

· Proposal 1 (13/14): Following two general options can be considered for LBT failure counting and indication (from PHY to MAC) for the case of independent per-beam LBT sensing.
· Option 1: LBT failures are counted and indicated to MAC independently per beam
· Option 2: LBT failures are counted and indicated to MAC per UL transmission, i.e. no beam indication included
· Proposal 2 (12/14): For Option 2, i.e. LBT failures are counted and indicated to MAC per UL transmission, current Rel-16 LBT procedures can be reused, i.e. no changes to the LBT failure detection and recovery procedure are needed
· Proposal 3 (13/14): For Option 1, i.e. LBT failures are counted and indicated to MAC independently per beam, further changes/enhancements to the Rel-16 LBT procedures are required, i.e. LBT failure detection and recovery procedure. 
· Proposal 4 (9/14): RAN2 sees only limited benefits if MAC layer is aware of directional LBT results, i.e. per-beam LBT failure indication from PHY to MAC. Therefore, from RAN2 point of view there is no need that PHY provides per-beam LBT failure indications to MAC in Rel-17.
· Proposal 5 (7/14): Assuming Proposal 4 is agreed, there is no need to send LS to RAN1. 
· Proposal 6 (14/14): “no-LBT mode” is already implicitly supported by Rel-16 specifications.
· Proposal 7 (12/13): cg-RetransmissionTimer is optional for operation in the shared spectrum in FR2-2.
· Proposal 8: RAN2 assumes that no protocol changes are required in order to support LBT mode change. FFS whether this needs to be further verified.
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