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[bookmark: _Ref429645891]Introduction
[bookmark: Proposal_Pattern_Length]This email discussion handles the issues regarding LBT impacts to MAC based on the following agreement in RAN2#105:
	[105#49][NR-U] LBT impact in MAC (except RACH and SR) (Huawei)
	Intended outcome: Report, clarify agreements from SI, identify tentative “easy” agreements, and questions to be resolved
	Deadline: Thursday 28/03/2019


In this email discussion, rapporteur lists the issues or options based on the tdocs that have been received in the RAN2#105 Athens meeting on the impacts of LBT on MAC. The timeline of the email discussion is as follows:
· Phase1: inputs and questions, deadline 2019-03-26;
· Phase2: summary review, deadline 2019-03-28;
Discussions
UL LBT failure and system failure
In R15 NR and in LTE, regarding the management of radio resource in connected mode, radio resource management (RRM) and radio link monitoring (RLM) have been defined. 
Radio link monitoring is a mechanism defined for SpCell, based on which the UE can perform fast recovery without going to the RRC_IDLE mode. There are several cases that may lead to radio link failure (RLF)
· Downlink
· Expiry of T310 in RLM
· Upon receiving N310 consecutive out-of-syncs from PHY, timer T310 shall be started until it is stopped upon receiving N311 consecutive in-syncs from PHY or it expires
· Uplink
· Random access problem indication from MCG MAC when the RA is triggered by the MAC entity itself and preamble transmission counter exceeds the maximum threshold, where two cases are possible to trigger RACH
· Repetitive SR retransmission with SR counter for a certain SR configuration exceeding the maximum threshold
· No PUCCH resource for a certain SR configuration  (e.g., due to TAT expiry or no RRC configuration)
· RLC retransmission failure
More specifically, in Rel-15 NR, for the SR and RACH transmission in the uplink, SR counter is increased regardless of whether it is successfully transmitted or not in the MAC spec; and RACH counter is incremented even if the RACH is dropped by the PHY when there is limitation to the UE transmit power in dual connectivity.
Finally, in the WID RP-182878, the following paragraph has been captured as the scope of work item for RAN2:
	- 	RLM/RRM extensions for NR-U operation due to uncertain and reduced transmission opportunities for DL signals and channels due to LBT failure in line with agreements during the study phase (NR-U TR section 7.2.1.3.2), including configuring different DRS Measurement Time Configuration (DMTCs) for RRM and RLM respectively, identifying the set of RLM-RSs to measure, which set(s) are used for in-sync, out-of-sync evaluations, potential definition of a metric to accurately identify unsuccessful detection of RLM-RS. Support RSSI reporting. Define a metric to measure channel occupancy or medium conntion and its corresponding reporting. (RAN1/RAN2)



DL and UL LBT
In the current TR for NR-U, progress in the RAN1 on the agreement in UL and DL LBT in case of LBE has been captured and included in the Annex 5.1 and 5.2 for DL and UL, respectively. 
Uplink LBT may be needed by the UE for physical channels and signals. It can be observed from Annex 5.2 that with COT sharing from the gNB, the UE only needs to perform cat1 (immediate transmission) and cat2 LBT. While for COT initiated by the UE itself, the UE needs to perform cat2 and cat4 LBT. While the main structure has been laid out, there are still some FFSs upon which agreement have been made during the last meeting and we will have a review on them later in the report. 
Then, for the downlink, similarly to the UL, it can be observed that, for downlink LBT, the gNB needs to perform cat2 and cat4 LBT before transmission and no immediate transmission without LBT can be performed for gNB-acquired COT and can perform immediate transmission or cat4 LBT in case of transmitting on UE-acquired COT.
Counter for systematic LBT failure
Under the setup of NR-U, SSB/CSI-RS based on which the radio link detection is performed can only be transmitted when the channel is found to be free by the gNB, it is possible that SSB/CSI-RS cannot be transmitted in the downlink. In this case, legacy RLM cannot be effective since its assessment on the radio link quality is not accurate anymore with the absence of reference signals. 
Although DL LBT failure may indicate possible channel occupancy, and in some cases may imply the same channel occupancy in the UL since NR-U operates on TDD carriers, the interference that the network and UE experience may be different. For example, there may be a hidden user terminal using unlicensed spectrum near a NR-U UE and the UL LBT of this UE may fail. But from the network side, the interference from this hidden UE may be so low that even if it is using the unlicensed channel, the DL LBT may succeed. In this case, the legacy RLM mechanism may not be able to detect sustained LBT failure in the UL
Based on this, several sources have proposed the approach of designing an UL-LBT-based radio link monitoring approach that is similar to the current downlink RLM. [R2-1901674, R2-1901094, R2-1900676, R2-1901181]. According to the contributions submitted from different sources in the last meeting, timer/counter-based solutions have been proposed and the timer/counter may have the following behavior:
· New common mechanism for UL LBT handling
· Upon a maximum number of consecutive UL LBT failures has been reached within a configured time, the UE declares a radio link failure. The counter/timer operates independently from SR/RACH counter. [R2-1901674]
· Down selection from timer/counter/timer&counter. [R2-1901094]
· Down selection from timer or counter [R2-1900676]
· Down-selection from new common mechanism or independent ones for each procedure or channel [R2-1901181]

Review of RAN1/2 progress in RLM

Furthermore, for radio link monitoring based on SSB and CSI-RS, the following approaches for transmission of SSBs/CSI-RS within the RLM-DMTC have been proposed in RAN1:
	For RLM, the following recommendations are considered beneficial for further design when the specifications are developed:
· Identifying a set of RLM-RS, e.g., DRS, SS/PBCH blocks, CSI-RS. The transmission of the RS in a COT may be subject to LBT.
· Identifying which set(s) of RLM-RS are used for in-sync and out-of-sync evaluations. For example, determining which RLM-RS within or outside the RLM measurement window can be utilized for in-sync and out-of-sync evaluations.
· Potential definition of a metric, e.g., Rel-15 out-of-sync indication or new metric, to accurately identify instances of unsuccessful detection of RLM-RS. Whether/how to report such a metric to higher layers is determined when the specifications are developed.
Company views on IS evaluation:
· Detected RLM-RS (e.g., SSB or CSI-RS) within RLM DMTC are utilized for in-sync evaluations
· Explicit indication is provided by gNB to assist IS evaluations if RLM-RS transmissions did not occur due to LBT failure 
· L1 samples outside DMTC window are also used for in-sync evaluations (upon detection of RLM-RS from gNB)
· Indicate a third indicator type (e.g. failed to detect – FTD indication) to higher layers in addition to IS and OOS
Company views on OOS evaluations:
· Samples outside DMTC are not considered for OOS evaluations.
· Network provides explicit indication if RLM-RS was not transmitted to assist OOS evaluations
· The out-of-sync indication criterion should be enhanced considering the configured RLM-RS may be blocked, i.e., missing RLM-RS should not be treated as equivalent to OOS
· [bookmark: OLE_LINK1]Declare RLF if RLM-RSs have not been successfully detected for a period of time or if UL LBT fails persistently
· New metric for RLM should be introduced to reduce the false-alarm in RLM/RLF.
· UE could update its timer (e.g. N310) based on the gNB’s indication by reporting non-detected RLM RS


Then, during the last meeting, the following agreements have been made:
	Agreement:
· An RLM measurement window for serving cell RLM measurements based on SSBs in the DRS is supported for in-sync and out-of-sync evaluations.
· FFS: How RLM measurement window is indicated or determined and relation to DRS transmission window
· FFS: Whether or not an SSB can fall outside the measurement window and, if so, whether it can be used for in-sync and out-of-sync evaluations.
· FFS: Any relationship of RLM measurements based on CSI-RS to the measurement window.
· FFS: Mechanism to handle missing RLM-RS due to LBT failure



Based on the above agreement in RAN1 and discussion during the meeting, it can be seen that RAN1 is trying to distinguish between the out-of-sync because of LBT failure and out-of-sync because of bad channel condition. The intention is not to let LBT failure to trigger RLF while RLF should only be triggered when the RS is successfully transmitted while the PHY hypothetical BLER is below the threshold defined. 
While based on the understanding of the rapporteur, the motivation to design the similar mechanism in the uplink is exactly the opposite of this: the RLF based on the Uplink RLM should be triggered when consecutive LBT failure is detected. Hence, based on the current situation of discussion, the rapporteur would like to understand with the same rationale, whether uplink RLM with the intended mechanism from RAN2 should be adopted. 
Question1a: Do companies acknowledge the ongoing discussion in RAN1/2 on RLM may have impacts on the handling of UL LBT and why?
	Company Name
	Yes/No
	Reason

	Vivo
	No
	The current discussion on RLM in RAN1 and RAN2 is only for the DL.

	ZTE
	May be
	In general, this depends on how we treat the UL and DL LBT failures. Do we handle them under a single framework (i.e. LBT failure framework) or do we distinguish between DL LBT failure and UL LBT failure? 
In general, the channel is TDD. Hence, for the case of congested channel, LBT failures will occur both in UL and DL. However, for the case of hidden nodes being present, the LBT failures may occur asymmetrically (i.e. either only in UL or only in DL). So, to us it seems that we may need to handle the UL and DL failures separately (since this may occur due to different reasons and may or may not be symmetric).  

	Intel
	Yes
	RLM is based on the detection of the NR-u DRS and CSI-RS.  But due to DL LBT, the DRS and CSI-RS cannot be transmitted by the gNB. In some deployments, the DL and UL LBT may be the same and the RLM is able to also track UL LBT. RLM can be used in such deployments.
In other cases and deployment, the DL and UL LBT may differs due to the presence of hidden nodes (e.g. WiFi nodes etc.).  This hidden node issue can be addressed by RSSI measurement which track the interference level of the channel from the UE side. Hence, the handling of UL LBT failure should take into consideration of RLM, as well as RRM.

	Ericsson
	No
	The main intention of the monitoring of UL/DL LBT is to identify the case that a UE has experienced consecutive LBT failures, meaning that the channel has been consistently congested (with high channel occupancy), in this case, it would be beneficial to let UE to reconnect to another cell/carrier/BWP that has low load/channel occupancy. Relying on legacy RLM/RLF procedure, it may be slow to trigger such behaviour. However, the support/introduction of such procedure would require pre-condition that the RS loss due to LBT failures can be detected by the UE PHY, for the detection of LBT failures, it is more challenging for the DL, since it may lead to additional UE requirements in RAN4.
For UL LBT, the UE is aware of the occurrence of LBT failures, in this case, it is straightforward to have a sperate counter/timer for LBT monitoring, which can lead to RLF trigger.
For DL LBT, due to the complexity of detection of RS loss, additional discussions and inputs must be provided by RAN4 and RAN1, depending on discussion progress, either of both below options can be selected
[bookmark: _Toc536818447][bookmark: _Toc536818444][bookmark: _Toc1080243][bookmark: _Toc1030899][bookmark: _Toc784837]Option 1: the event of UE not detecting DL RLM RS transmissions is considered into the evaluation of L1 OOS,.
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	InterDigital
	No
	RAN1 is discussing RLM/RLF for DL, while RAN2 is discussing RLF after sustained uplink LBT failures. When the channel is not symmetric for UL and DL directions, RLF mechanism based on UL LBT failures should preferably be handled separately.

	OPPO
	No
	Similar as the comments from InterDigital, the RLM/RLF discussing in RAN1 is for DL, while RAN2 is discussing the LBT failure due to uplink transmission which is aware by the UE.

	Huawei, HiSilicon
	No
	The functionality of the RLM and the proposed "UL RLM" is different: RLM intends to monitor the channel condition of the UE based on the measurement of the reference signal. While the "UL RLM" intends to monitor for the successive LBT failure that prevents the UE from any UL transmission. The UL and DL RLM doesn't necessarily have correspondence due to TDD band where NR-U operates. For example, hidden nodes at the UE side does not have the same level of interference to the UE as that to the network. Hence, at the same timer instance, LBT at the UE side may fail, while at the network side succeeds.  

	Samsung
	No
	-

	Qualcomm
	Maybe
	Note that for downlink, gNB is aware of the DL LBT failures and thus missing RLM-RS is due to hidden nodes while the gNB is not always aware of UL LBT failures (e.g. configured grant, RACH, SR). Therefore, we prefer to decouple handling of DL and UL. But RAN2 should also consider enhancements for DL along with RAN1 in addition to UL LBT failures.

	LG
	No
	However, we are still not sure whether any specific handling is really needed when consecutive LBT failures happen. If UE is able to measure accurately the channel status, and network changes the operating channel at the right time based on the measurement results received from UE, such a situation can be avoided. We think RAN1/2 need to focus on the designing of nice mechanism for channel occupancy measurement so that the UE is able to avoid such a difficult situation.

	[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Spreadtrum
	No
	RLM is for DL and only DL LBT failures are considered in the RLM discussion in RAN1. While the triggered RLF upon consecutive LBT failures discussed in RAN2 is used for UL.  
We need to handle the UL and DL LBT failures separately considering the hidden node. 

	Lenovo, MotM
	No 
	We think that DL and UL should be handled separately. RAN1 is discussing the RLM/RLF for downlink whereas RAN2 is discussing some mechanism to detect consecutive UL LBT failures, e.g. the channel has been consistently congested, which prevents the UE from UL transmissions.  

	Xiaomi
	No
	We prefer to decouple UL LBT and DL LBT failure as DL LBT failure doesn’t necessarily mean UL LBT failure due to hidden node. Vice versa.

	Panasonic
	No
	We understand that the ongoing RLM/RLF discussion in RAN1 tends to preclude the LBT failures from the RLF declaration, as UE may not have immediate action and it can wait until the next availability of RLM-RS. On the other hand, the UL LBT mechanism discussed in RAN2 means UE has immediate actions to perform, and in this case helps UE to find an available cell as soon as possible, which we think is necessary. Therefore, we think DL RLM/RLF and UL LBT are not really correlated to each other. 

	Mediatek
	No
	We agree with most of the other companies and think RAN1 needs to discuss and decide on DL RLM. 

	Convida Wireless
	No
	UL & DL may not be correlated and therefore should be handled separately

	Nokia
	No
	RLM is for DL and whether the UE can detect DL LBT based on some reference signalling is another issue. It has nothing to do with UL LBT we are discussing here.

	Fujitsu
	FFS
	Depends on RAN1 discussions and agreements.

	Charter Communications
	No
	Consistent LBT failures in UL may happen due to hidden nodes, which gNB is likely unaware of. Hence a separate mechanism to handle such event is needed. 


Note that the intention of this questions is not to make any proposal to RAN2 but to offer backgrounds for thinking on this problem.

Almost all the companies think the ongoing discussion in RAN1/2 on RLM may not have impacts on the handling of UL LBT. Hence, we make the following observation
Observtion1: The ongoing discussion in RAN1/2 on RLM may not have impacts on the handling of UL LBT.
Review of RAN1/2 progress in RRM
For radio resource management, the following agreements have been made in RAN2
	In addition to the existing measurement quantities, channel occupancy and RSSI, similar to adopted for LTE LAA, are considered useful. 


Furthermore, for radio resource managements, the following options are captured in the RAN1 feature lead summary and agreement was made:
	Summary of company views on RRM measurements and metrics:
· RRM measurements (based on SS/PBCH blocks and/or CSI-RS) are performed only within configured RRM-DMTC
· Enhance RSSI measurements by introducing RSSI Type 1: the measured signals potentially transmitted from all devices belonging to the same or different operators/RATs. RSSI Type 2: the measured signals potentially transmitted from the devices not belonging to serving operator and the devices of other RATs.
· Multiple DRSs (SSBs) within active downlink BWP could be used for RRM measurement
· Rel-13 LAA RSSI and channel occupancy framework is a baseline for NR-U
· Measurement and reporting of RSSI and Channel Occupancy is done per subband
· Channel load metric based on LBT success rate to reflect the ability of NR-U nodes to transmit on the medium


Then, the last RAN1 meeting in Athens finally made the following agreement:
	Agreement:
· At least the functionalities of Rel-13 LTE-LAA RSSI and channel occupancy reporting as a baseline should be supported
· FFS: 
· Enhanced RSSI metrics, for e.g., sub-band-level interference measurements in a wideband operation scenario
· Reporting of a new medium contention/load metric other than channel occupancy
· Any modification of the parameters of the Rel-15 SMTC for operation in unlicensed spectrum



The intention of introducing the RSSI measurement into the RRM framework, same as LAA, is to address the issue of hidden node. Based on the detection from the UE side on the reference signal transmitted on the downlink. However, since NR-U carrier operates on the TDD band, UL and DL LBT are performed on the same frequency. Hence, RSSI measurement, which is based on the detection on the DL reference signal, may also be able to indicate the level of interference on the UL, hence, can also serve as a metric for the UL LBT. 
Based on the understanding of the rapporteur, the proposed UL LBT handling seems to have functional overlap with the UE measurement with RSSI. Hence, we propose the following question:
Question1b: Do companies acknowledge the ongoing discussion in RAN1/2, e.g., on RRM, including introduction of RSSI, etc., may have impacts on the handling of UL LBT and why?
	Company Name
	Yes/No
	Reason

	vivo
	Yes
	The reporting (e.g. periodical reporting) of the RSSI measurement result may reflect the UL LBT failure. Then the network can justify whether there is an UL LBT issue for the UE via the RSSI.

	ZTE
	May be
	Again, for the similar reasons as Q1a, we think this depends on the actual LBT framework that we define in the end (i.e.     whether it is a separate framework for UL/DL or a common one etc). 

	Intel
	Yes
	RSSI measurement is introduced in LAA and also NR-u for addressing the hidden node issue from the UE side and this can be used to avoid or at least reduce the consistent UL LBT failure issue from happening.

	Ericsson
	No
	The measurement on RSSI and CO is performed to reflect averaged load/congestion situation. It is mainly aiming to assist the gNB to detect the hidden node. It can be also used to tune/adaptive settings.  Therefore, based on RSSI or CO, it may not be able for a UE to timely react to the case where the UE has consistently experienced LBT failures. While the UL LBT handing is able to provide fast reaction for a UE in this case.  The best solution would be that, UL LBT handing as a separate mechanism can operate together with the measurement of RSSI/CO, to achieve a good balance between the load fairness handling and the fast reaction to the consistent occurrence of LBT failures.
In addition, the UL LBT handing can provide means for the UE to provide LBT failure indicator to the gNB so that the gNB can have better knowledge on UE triggered mobility activities, the gNB can further optimize the system management.

	InterDigital
	No
	When a hidden node is present and affecting the UL direction, even though the RSSI measures the interference form the hidden node, the UE may not be able to report this RSSI because it cannot access the channel.   
Further, given RSSI is reported on periodical basis; the reporting periodicity may not be timely enough for the UE to determine the occurrence of a persistent UL LBT failure and take necessary corrective actions on time.

	OPPO
	No
	We prefer to separate the UL handling LBT failure from the DL LBT failure handling.

	Huawei, HiSilicon
	Yes
	Inclusion of RSSI and channel occupancy in the measurement report can indicate the level of interference in the UE side hence revealing the possible hidden node nearby. This will partially overlap with the functionality of the proposed "UL RLM". 

	Samsung
	Yes
	The purpose of RSSI and channel occupancy time is mainly to detect hidden nodes, which would ultimately impact to UL LBT problem. Additional handling of UL LBT may not be needed if network properly handles the UE after having such report.

	Qualcomm
	No
	RSSI is a measure of total load on the channel/band. It may or may not correlate with the LBT failures at the UE, depending on whether RSSI is due to the same operator and another operator and whether the other nodes are within detection range of the UE/gNB and other nodes. Therefore, the UE may not have UL LBT failures with RSSI and vice versa. RSSI is more useful for channel or sub-band selection at the gNB. 

	LG
	Yes
	If RSSI and the channel occupancy measurement are designed well and UE reports the results to the network at the right time, NW will handle it properly to avoid the UL LBT problem. Then, the specific handling for UL LBT failure may not be needed.

	Spreadtrum
	No
	Both RSSI measurement and LBT operation need to detect the signal strength, however, they are used for different purposes with different configurations. The RSSI measurement is configured by network and is used for RRM, while the LBT should comply the regulation and is used for CCA. The RSSI measurement cannot reflect the UL LBT failures timely.

	Lenovo/MotM
	No
	Agree with Qualcomm

	Xiaomi
	No
	Firstly, there is timing mismatch between RSSI/OC measurement&reporting and UL LBT. RSSI & OC is measured every RMTC occasion period, while UL LBT may happen outside of the RMTC occasion. Secondly, OC/RSSI measurement at least span 3 RMTC periods, whose minimum value is 40ms, so at least 3*40ms = 120ms, while UL LBT failure may require more swift handling in cases like RA/SR. 

	Panasonic
	No
	The high channel occupancy in the RSSI or channel occupancy report can be interpreted by the serving cell in the way that the high chancel occupancy is because of serving cell’s activities/COTs.  However, the UE may still fail with UL LBT because of the presence of a hidden node. In this case, the UL LBT mechanism is still useful.

	MediaTek
	No
	RSSI and UL LBT success/failure may be correlated.  However, we think there is no direct inter-dependency between RSSI and UL LBT. 

	Convida Wireless
	No
	RSSI and UL LBT failures may not be correlated and therefore should be handled separately.

	Nokia
	No 
	Some of the statement above seems to be wrong, e.g. RSSI is a wideband measurement which is not based on any reference signals. UL LBT for periodic resources is only know the UE side when there is something to be transmitted which cannot be covered by RSSI.

	Fujitsu
	FFS
	Also depends on RAN1 discussions and agreements.

	Charter Communications
	No 
	A combination of RSSI and CO measurements at the UE side determines whether consistent LBT failures happens or not. However, for a more timely reaction to consistent LBT failures at the UE side, a faster mechanism than RRM procedure is needed.   


Note that the intention of this questions is not to make any proposal to RAN2 but to offer backgrounds for thinking on this problem.
Most of the companies think the ongoing discussion in RAN1/2, e.g., on RRM, including introduction of RSSI, etc., may not have impacts on the handling of UL LBT while only 7 companies think there may be some correlations.
Observation 2: The ongoing discussion in RAN1/2, e.g., on RRM, including introduction of RSSI, etc., may not have impacts on the handling of UL LBT

Handling of UL LBT
Based on the above discussion and the contributions submitted to the last meeting on the handling of UL LBT failure, there are two possible options for RAN2 from the rapporteur's perspective, which are
Option1: Introduce a new mechanism for systematic LBT failure in MAC
Option2: Reuse the current mechanism for the handling UL LBT failure, including the current MAC counters, i.e, preamble retransmission counter and SR counters, as baseline and discuss their behaviours at LBT failure separately
Hence, RAN2 needs to discuss which of the above two options should be adopted for R16 NR-U. 
Question2: Among the above 2 options for characterizing the relationship between UL LBT failure and system failure in MAC, which option do companies prefer and why?
	Company Name
	Option
	Reason

	vivo
	Option 2
	In most case, the Option 2 can resolve the issue of the UL LBT failure. For other cases (e.g. AUL) which cannot be covered by the RACH/SR counter, we consider that the RSSI reporting can help the network to detect the issue of the UL LBT failure.

	ZTE
	Option 1
	Based on the discussion in other email threads (e.g. RACH), it seems companies believe that handling of counters/timers may have to be changed based on LBT outcome. This is mainly done to ensure that the RLF triggering does not happen due to a temporary LBT failure or due the phy entering backoff state for a given period of time. If this is in place, then we do need a separate mechanism on top to actually trigger RLF for UL failures (otherwise – i.e. if the counters are not incremented and no separate LBT based RLF mechanism is defined; the problem is that traditional UL failures that normally would result in RLF would never trigger RLF anymore). 

	Intel
	Option 2
	Agree with Vivo that Option2 can resolve the issue of the UL LBT failure with the existing counters and also taking into consideration of RLM and RRM.

	Ericsson
	Option 1
	Option 1 is more future proof. With option 1, the LBT is handled by a separate mechanism, without affecting the other MAC procedures.  

	InterDigital
	Option 1
	A separate mechanism to trigger RLF is needed, especially since some MAC counters for UL procedures may not be incremented when UL LBT fails. The aim is to address consistent channel unavailability on the Uplink, which is a common issue for all uplink procedures and signals. 
Option 2 may require introduction of additional counters or timers for each UL procedure in MAC, thus adding complexity to the UE and to the specifications.

	OPPO
	Option1
	Agree with Ericsson and InterDigital.

	Huawei, HiSilicon
	Option1
	With the current agreements in RAN1 or RAN2, although RSSI measurements have been added to the measurement report, it is only reported to the network periodically and there is long delay before the UE can or even may not be able to get reconfiguration for the cell with heavy interference from the hidden node. More importantly, when we talk about the interference from the hidden node, its impacts is mainly on the receiver side where the transmitter does not know whether the reception is successful. Hence, with the high interference, the reception of the reconfiguration message may not be successful. So, it is beneficial to introduce such a mechanism in the UE side to handle the case when UL LBT fails successively. 

	Samsung
	Option 1
	As provided our view in [105#50], the counters should be increased only for the actual (RACH/SR) transmission, which does not take UL LBT issues into account. And then we would need a separate mechanism considering UL LBT issue.

	Qualcomm
	Option 1
	There should be a mechanism either to report such problems early on to the gNB and/or declare RLF. The existing mechanism can take long time, for example in the case of SR where first SR transmissions will have to fail, followed by RACH failures (and both will likely happen together). Furthermore, RLC retransmission failures only work RLC AM.

	LG
	Option 2
	In our understanding, it is difficult to introduce a common new mechanism relating LBT failure on all counters in the MAC because the purpose of each timer is different. Thus, it is better to discuss reusing current mechanism than introducing new mechanism.

	Spreadtrum
	Option 1
	We think this question is related to the Counters and Timers increment mechanism in RACH and SR procedure in the case of LBT failures. In another email discussion [105#50], most of the companies think that transmission counter of preamble/SR will be incremented only when the LBT succeeds. In this case, the systematic LBT failure will not trigger the RLF timely.
We prefer a new unique mechanism for UL transmissions including preamble, SR and data transmission.

	Lenovo/MotM
	Option1 
	A separate mechanism is in our view required, since some MAC counters, e.g. SR, RACH related counters, may not be incremented when UL LBT fails (as discussed in the other RAN2 email discussion). The purpose of such mechanism is to handle the case when UL LBT fails successively, which is a common issue for all uplink transmissions.

	Xiaomi
	Option 1
	UL LBT failure doesn’t differentiate UL transmissions, i.e. no matter it is SR or preamble or UL data transmission, the behaviour for handling UL LBT failure should be the same.

	Panasonic
	Option 1
	A unified design regardless of which UL event can make the design simpler.

	MediaTek
	Option 1
	We think a mechanism for systematic LBT failure needs to be defined. However, this systematic LBT failure needs to be procedure-specific. Details of our views can be found in R2-1901094. 

	Convida Wireless
	Option 2
	A new LBT mechanism is not necessary. Reusing existing counters will maintain existing functionality. For example, when SR transmission is unsuccessful we do not declare RLF. The existing SR and RA procedures could be enhanced to take LBT failures into account.

	Nokia
	Option 1
	Cleaner to have LBT failure independently monitored at least for UE-initiated UL transmissions, e.g. PRACH, SR, CG etc.
But the current counters still need to be discussed in the context of LBT failure whether they are increased or not. 

	Fujitsu
	FFS
	Before making the decision, we would ask RAN2 to clarify what is the “systematic LBT failure” in Option 1. In addition, we prefer that Rel-15 mechanism would be baseline and work out enhancements when LBT failure occurs like Option 2.

	Charter Communications
	Option 1
	It is more strightforwrad and systematic to have a new mechanism for systematic LBT failure in MAC without changing the baseline procedures. 



14 opted for Option1, 4 opted for Option2 and 1 company FFS. Hence, the rapporteur would like to make the following proposal:
Proposal 1: Adopt a new mechanism in MAC spec to handle the UL LBT failure. 

Open-ended questions
Based on the objective of the email discussion, we need to identify the possible issues to address for future progress. 
Question3: Bearing in mind the above discussion, what are the potential issues that need to be addressed based on the choice above?
	Company Name
	Issues to be addressed

	ZTE
	We need to consider each UL procedure separately (RACH and SR are being already discussed under email discussion#50, then we also need to consider normal UL operation – dynamic grant based and configured grant based etc) and decide whether a common UL framework is possible or whether we need a separate mechanism etc and if so how this works. 

	Ericsson
	For option 1 in section 2.1.5, RAN2 need to define details such as 1) how to define the counter 2) is a timer needed 3) shall CAPC need to be considered to distinguish counting for transmissions with different CAPC values.

	InterDigital
	How the UE determines that persistent LBT failure occurred can be addressed, as well as the necessary corrective actions as a result.

	OPPO
	For option1, RAN2 needs to discussion:
1) Whether a timer or counter is needed?
2) What’s the behaviour when either counter reaches the maximum value or timer is expired, there are several behaviours:
a. Trigger RLF
b. Trigger UL BWP switching

	Huawei, HiSilicon
	With the introduction of the UL RLM, the following issues should be addressed
· How it should be realized, by a timer/counter/timer+counter
· Impacts on RACH and SR counter
· Whether to perform UL LBT at UL transmission or "UL LBT" at periodic intervals

	Qualcomm
	How to count LBT failures? Whether LBT type (cat 2 vs cat4 or access priority) should be considered? Whether we should differentiate per sub-band? Whether it depends on the UL transmission type (SR, RACH, PUSCH)? Whether within and outside COT should be considered? Whether early reporting to gNB should be adopted? When and how to declare RLF? Should there be early reporting of UL LBT failures before they become too severe to declare RLF? 

	Xiaomi
	· How long before UE declare UL LBT failure.
· The behaviour when UL LBT failure is declared.

	MediaTek
	· A mechanism to detect systematic LBT failure needs to be agreed. It could be (1) Timer-based (2) timer with a count of failures (3) counter-based. For details, please look at R2-1901094.

	Convida Wireless
	Both options would work, but with option 2 a new MAC procedure is not needed and the issues raised by this question are also not needed.

	Charter Communications
	1) Introduce counter/timer(s) to identify and possibly quantify systematic LBT failures, 2) procedure for reporting or other behaviour.  



The rapporteur would like to list the following issues for FFS based on the assumption that a new mechanism for handling UL LBT will be adopted and the feedbacks from different companies above.
· timer-based/counter-based/timer&coutner-based solution
· the UE behavior at the timer/counter expiry and how to declare RLF
· impacts on the SR and RACH counter
· relationship between CAPC and the UL LBT handling
· whether to differentiate between LBT type2/4 and within/outside COT
· early reporting of the successive UL LBT failure

Configured grant timer
In Release-15 NR, two-type of configured grant has been introduced as in TS 38.321
	here are two types of transmission without dynamic grant:
-	configured grant Type 1 where an uplink grant is provided by RRC, and stored as configured uplink grant;
-	configured grant Type 2 where an uplink grant is provided by PDCCH, and stored or cleared as configured uplink grant based on L1 signalling indicating configured uplink grant activation or deactivation.
Type 1 and Type 2 are configured by RRC per Serving Cell and per BWP. Multiple configurations can be active simultaneously only on different Serving Cells. For Type 2, activation and deactivation are independent among the Serving Cells. For the same Serving Cell, the MAC entity is configured with either Type 1 or Type 2.


Furthermore, in TR 38889, the following aspects for configured grant have been specified:
	For the retransmission of a HARQ process that was initially transmitted via configured grant resource, both retransmission via same configured grant resource and retransmission via resource scheduled by UL grant are supported.



Then, in the last RAN1 meetings, the following agreements have been made:
	Agreement:
UE may autonomously initiate retransmission for a HARQ process that was initially transmitted via configured grant mechanism for NR-unlicensed when one of the following conditions is met:
· Reception of NACK feedback via DFI for the corresponding HARQ process
· FFS: No reception of feedback from gNB upon the timer expiration.
· To introduce a new timer or reuse configuredGrantTimer.
Agreement:
For initial transmission on configured grant resource, HARQ retransmission on configured grant resource upon configured grant timer expiration (assume NACK if no ACK is received) is supported
· Note: Include this agreement in an LS to RAN2 informing them of relevant RAN1 agreements



In NR-based licensed cell, configuredGrantTimer is introduced per HARQ process. To achieve accurate soft combining gain, the UE starts/restarts the confiugredGrantTimer after each transmission for a certain HARQ process. When the configuredGrantTimer is running, new transmission for the same HARQ process on the configured grant is not allowed due to potential scheduled retransmission by the network. In addition, upon expiry of this timer, UE assumes an ACK feedback and is allowed to perform a new transmission for the corresponding HARQ process on the configured grant.
A similar timer, i.e., aul-RetransmissionTimer was also introduced for AUL in FeLAA. However, it is a different story from R15 NR for FeLAA as both new transmission and retransmission are supported on the configured grant, and in this case, upon expiry of this aul-RetransmissionTimer, a NACK feedback for the corresponding HARQ process should be assumed in order to trigger a retransmission on the configured grant.
Then, the question is, should the timer be started/restarted when configured grant is not transmitted due to LBT failure for NR-U?
Question4a: Do companies agree that the configured grant timer is started/restarted when configured grant is not transmitted due to LBT failure and why?
	Company Name
	Yes/No
	Reason

	vivo
	No
	According to the NR TR 38.889, the expiry of the configured grant timer is assumed as NACK. Then the start/restart of the timer will delay the retransmission of the data stored in the HARQ process. 

	ZTE
	
	Since transmission is not performed due to LBT failure, there is no necessity to wait for the timer expiration, and it should perform the next transmission in configured grant resource.

	Intel
	
	The main purpose of the CG timer in NR-u is to prevent the UE from performing the retransmission of the HARQ process too quickly. However, in this case, the transmission has not happened so the UE should be allowed to go for the next available CG occasion.
If an LBT indication is to be introduced, the timer should only be started when the corresponding PUSCH transmission starts after a successful LBT operation. Alternatively, if no LBT indication is introduced for this case, the timer should always be started regardless if the corresponding PUSCH transmission is blocked by LBT failures. The L1 can indicate a HARQ_FEEDBACK of NACK to stop the timer so that the MAC can perform retransmission again on the next CG opportunity.  Both are just modelling in our view.

	Ericsson
	No
	There is no point to start the timer if the PUSCH transmission is not started due to LBT failure. Since the main intention of the timer is to avoid any new or retransmission scheduled for the associated HARQ process, while the timer is running, i.e., there is PUSCH transmission on-going.

	InterDigital
	No
	This timer should start when an initial transmission is performed on a configured grant occasion. Should an LBT fail for a transmission attempt on a configured grant, this timer shouldn’t be started, to allow the UE to transmit on the next configured grant occasion when channel becomes available, especially since RRC configures this timer with a unit of “number of periodicities”.

	OPPO
	No
	First, we don't think the timer should be started/restarted given the actual transmission is not performed due to LBT failure;
Secondly, we prefer to wait until a clear behaviour of the timer is defined after further progress on Configured Grant in NR-U.

	Huawei, HiSilicon
	No
	Align with FeLAA behaviour: LBT outcome is irrelevant for the aul-retransmissionTimer. Agree with vivo on the reasoning

	Samsung
	No
	We share the view with others.

	Qualcomm
	No
	Since the transmission did not take place, there is no reason to delay a new transmission on this HARQ process. Also, this topic is better suited for the other email discussion on configured grants.

	LG
	Yes, but
	While configuredGrantTimer is not running, the MAC shall obtain a new MAC PDU if available, which flushes already stored MAC PDU. Therefore, MAC needs to start  configuredGrantTimer regardless of LBT results. However, it needs to be restarted at every configured grant until LBT successes in order to ensure sufficient retransmission opportunity after actual transmission.

	Spreadtrum
	No
	If the configured grant timer is started/restarted when configured grant is not transmitted due to LBT failure, the later transmission opportunities for this HARQ process will be blocked even if the LBTs may succeed.

	Lenovo/MotM
	No
	Agree with the other companies.

	Xiaomi
	No
	No clear motivation for this.

	Panasonic
	No 
	Agree with other companies’ views who say ‘No’ to this question. 

	MediaTek
	No
	Network and UE need to remain synchronized. If the network cannot distinguish between UL LBT failure and UL skipping, UE needs to take appropriate steps.
Once LBT fails, the remaining data can be transmitted in the next configured grant opportunity, provided by network. Alternatively, in some cases the network may be able to predict the data (e.g. periodic data etc.) and can provide dynamic grants in near future. 

	Convida Wireless
	No
	Also agree with others.

	Nokia
	No 
	If the transmission is not performed due to LBT failure, the UE should be able to use next configured grant immediately with the same HARQ process for the same TB.

	Fujitsu
	No
	There is no point to go for this proposal unless there is new motivation to do so in NR-U.

	Charter Communications
	No
	The timer should start if the configured grant transmission has actually occurred. Starting the timer, whose role is to limit the retransmission, would only delay a possible transmission (of the same HARQ process) on the next configured grant resource, and ultimately increases the transmission delay across all HARQ processes.



16 companies voted for "No", 2 companies abstained, and 1 company voted "Yes". Thus, the rapporteur propose the following:
Proposal 2: The configured grant timer is not started/restarted when configured grant is not transmitted due to LBT failure

Furthermore, in R15 NR, the configuredGrantTimer is started or restarted when uplink grant addressed to CS-RNTI is received which is used to schedule resource for retransmission, as shown by the following part of spec:
	1>  else if an uplink grant for this PDCCH occasion has been received for this Serving Cell on the PDCCH for the MAC entity's CS-RNTI:
2>  if the NDI in the received HARQ information is 1:
3>  consider the NDI for the corresponding HARQ process not to have been toggled;
3>  start or restart the configuredGrantTimer for the corresponding HARQ process, if configured;
3>  deliver the uplink grant and the associated HARQ information to the HARQ entity.



Then, question comes for NR-U that whether the configured grant timer should be started/restarted when PDCCH addressed to CS-RNTI for retransmission is received and UL LBT fails, since retransmission via same configured grant resource and retransmission via resource scheduled by UL grant are both supported.
Question4b: Do companies agree that the configured grant timer is started/restarted when UL LBT fails on PUSCH transmission for grant received by PDCCH addressed to CS-RNTI scheduling retransmission for configured grant and why?
	Company Name
	Yes/No
	Reason

	vivo
	No
	Same reason as given for Question 4a.

	ZTE
	Not sure
	We don’t understand this question. 
Currently, when the CS-RNTI based grant is received, the configured grant timer is (re)started. However, the question seems to talk about whether this timer should be started or not depending on the outcome of the UL LBT. However, the UL LBT action is performed by the UE just before the actual transmission (i.e. sometime later than the slot at which the CS-RNTI based grant is received). So, how can the UE decide to start/restart the timer based on the outcome of the UL LBT (which only happens later)? May be, we misunderstood the question? 

	Intel
	Not sure
Wait for RAN1
	The main purpose of the CG timer in NR-u is to prevent the UE from performing the retransmission of the HARQ process too quickly. 
It is unclear whether CS-RNTI will be used by RAN1 for activation/deactivation for the configured grant for NR-u.  Hence I think this needs to be first discussed by RAN1 before RAN2 can make progress here. It is also unclear at this stage why there is a need to start or restart the timer for Configured Grant for NR-u when such PDCCH is received.

	Ericsson
	No
	See arguments for Q4a.

	InterDigital
	

	If the intention of the question is whether to delay the start of the timer to when the PUSCH is transmitted (if LBT succeeds) instead of the time of PDCCH reception, we think such behaviour is not needed since the gNB can determine if the transmission was not successful, and transmission on a configured grant occasion should not happen when a dynamic grant was issued by the gNB.

	OPPO
	No
	Not clear on the intention of the question, same as ZTE.

	Huawei, HiSilicon
	No
	In feLAA, the timer is started/restarted when PUSCH transmission is performed. Hence, LBT outcome is not relevant for this timer. In feLAA, the condition to use a configured UL grant for (re-)transmission is that the aul timer is not running and (a) initial transmission or; (b) the previous scheduling is not by C-RNTI; or (c) ACK is received. If the retransmission is scheduled with C-RNTI, it cannot fallback to configured grant resource anymore. In this case, it does not matter what is the state of the timer.  But it is ok to start/restart the timer since it does not matter.

	Samsung
	No
	-

	Qualcomm
	Yes
	Assuming CS-RNTI scheduling is adopted for NR-U. The gNB is not aware of LBT failure and therefore may not use the correct combining if the UE transmits on a configured grant before the timer expires.

	LG
	Yes
	Otherwise, the MAC may obtain a new MAC PDU even if the MAC is waiting for transmission of the stored MAC PDU, which results in loss of stored MAC PDU even before actual transmission.

	Spreadtrum
	No
	Same reason as given for Question 4a.

	Lenovo/MotM
	No
	

	Xiaomi
	No
	No clear motivation for this.

	Panasonic
	No
	Same view as in Question 4a. 

	MediaTek
	Yes
	Network is aware that the UE is supposed to send some UL data. Thus, the timer is needed for the network to schedule the next UL retransmission.

	Convida Wireless
	No
	

	Nokia
	Yes
	Retransmission via dynamic grant is known to the NW and if no transmission is performed, the NW can schedule another retransmission grant when needed, thus a timer should be started to prevent the UE from using the same HARQ process. The timer should be started regardless of the LBT result, as in NR Rel-15. 

	Fujitsu
	No
	Same reasons as given for Question 4a.

	Charter Communications
	No
	Similar to Q4a, starting the timer at an LBT failure event unnecessarily limits a potential transmission at the next configured grant resource.



13 companies voted "No" while 4 companies voted "Yes" and 2 companies voted "Not sure". Based on the above statistics, the rapporteur would make the following proposal:
Proposal 3: The configured grant timer is not started/restarted when UL LBT fails on PUSCH transmission for grant received by PDCCH addressed to CS-RNTI scheduling retransmission for configured grant
Another case is, in R15 NR, when HARQ process is shared between configured grant and dynamic grant, the configuredGrantTimer is started or restarted when uplink grant that is provided by PDCCH addressed to C-RNTI is delivered to the HARQ entity for the shared HARQ process. This is manifested by the following paragraph of spec:
	2>  if the uplink grant is for MAC entity's C-RNTI, and the identified HARQ process is configured for a configured uplink grant:
3>  start or restart the configuredGrantTimer for the correponding HARQ process, if configured.
2>  deliver the uplink grant and the associated HARQ information to the HARQ entity.



The same issue also exists for NR-U, it is possible that dynamic grant reuses the HARQ process configured for configured grant for scheduling dynamic UL grant. Then, question comes that when such UL grant is delivered to the HARQ process, whether or not configured grant timer should be started or restarted when UL LBT fails. 
Question4c: Do companies agree that the configured grant timer is started/restarted when the UL LBT fails on PUSCH transmission for UL grant received by PDCCH addressed to C-RNTI, which indicates the same HARQ process configured for configured uplink grant and why?
	Company Name
	Yes/No
	Reason

	vivo
	Yes
	The configured grant cannot be able to be used for the re-transmission of the uplink grant scheduled via C-RNTI. If the configured timer is not start/restarted, the UE will use the same HARQ process for new transmission via the configured grant.

	ZTE
	Not sure
	We don’t understand this question. 
Currently, when the C-RNTI based grant is received, the configured grant timer is (re)started. However, the question seems to talk about whether this timer should be started or not depending on the outcome of the UL LBT. However, the UL LBT action is performed by the UE just before the actual transmission (i.e. sometime later than the slot at which the C-RNTI based grant is received). So, how can the UE decide to start/restart the timer based on the outcome of the UL LBT (which only happens later)? May be, we misunderstood the question? 

	Intel
	No
	Once the PDCCH addressed to C-RNTI is received for a HARQ process using CG, it either acknowledged the reception via toggling the NDI or it provides UL grant for retransmission for the previous (re)transmission using configured grant. In that case, there is no need to start/restart the timer since it is no longer using configured grant for the HARQ process.

	Ericsson
	No
	See arguments for Q4a.

	InterDigital
	
	If the intention of the question is whether to delay the start of the timer to when the PUSCH is transmitted (if LBT succeeds) instead of the time of PDCCH reception, we think such behaviour is not needed for the same reason in our answer for previous question.

	OPPO
	No
	Same as above question.

	Huawei, HiSilicon
	No
	In feLAA, shared HARQ process and HARQ retransmission with C-RNTI have the same behaviour that when dynamic grant is used, transmission on the configured grant is prohibited and when the DCI is received regardless of the aul timer, as have been mentioned before. If the timer is started/restarted due to LBT failure for dynamic transmission, configured grant source will continue to be prohibited for transmission. This will result in the waste of configured grant resource if there is such resource when the timer is running and the HARR process is acked. 

	Samsung
	No
	-

	Qualcomm
	Yes
	Similar reason to 4b. LBT failure should not impact this and we can keep the legacy behaviour.

	LG
	Yes
	Otherwise, the MAC may obtain a new MAC PDU even if the MAC is waiting for transmission of the stored MAC PDU, which results in loss of stored MAC PDU even before actual transmission.

	Spreadtrum
	No
	-

	Lenovo/MotM
	No
	

	Xiaomi
	No
	No clear motivation for this.

	Panasonic
	No
	If the configured grant timer is already started, it shouldn’t be restarted if UL LBT fails on the PUSCH transmission which is the retransmission of the configured grant. Then upon the timer expiry, UE is allowed to proceed with the new transmission on the configured grant. 

	MediaTek
	Yes
	Similar to 4b, network is aware that the UE is supposed to send some UL data. Thus, the timer is needed for the network to schedule the next UL retransmission.

	Convida Wireless
	No
	

	Nokia
	Yes
	Same as Q4b.

	Fujitsu
	No
	Same reasons as given for Question 4a.

	Charter Communications
	No 
	Similar to Q4a.


13 companies voted for "No", 5 companies voted for "Yes" and 1 company is not sure. Based on the above statistics, the rapporteur would make the following proposal:
Proposal4: The configured grant timer is not started/restarted when the UL LBT fails on PUSCH transmission for UL grant received by PDCCH addressed to C-RNTI, which indicates the same HARQ process configured for configured uplink grant
BWP inactivity timer and SCell deactivation timer
Based on TS 38.321[2], it specifies that
	1>	if a MAC PDU is transmitted in a configured uplink grant or received in a configured downlink assignment:
2>	restart the sCellDeactivationTimer associated with the SCell.



	2>	if a PDCCH addressed to C-RNTI or CS-RNTI indicating downlink assignment or uplink grant is received on the active BWP; or
2>	if a PDCCH addressed to C-RNTI or CS-RNTI indicating downlink assignment or uplink grant is received for the active BWP; or
2>	if a MAC PDU is transmitted in a configured uplink grant or received in a configured downlink assignment:
3>	if there is no ongoing random access procedure associated with this Serving Cell; or
3>	if the ongoing Random Access procedure associated with this Serving Cell is successfully completed upon reception of this PDCCH addressed to C-RNTI (as specified in subclauses 5.1.4 and 5.1.5):
4>	start or restart the bwp-InactivityTimer associated with the active DL BWP.



Hence, BWP inactivity timer is restarted under (a) reception of PDCCH for UL grant or DL assignment on the BWP and for the BWP; and (b) transmission on configured UL grant or reception of DL assignment. 
In NR-U the configured UL grant transmission is subject to the LBT result and if LBT fails, configured UL grant cannot be transmitted. Then, the question is whether BWP inactivity timer should be restarted when LBT fails at UL transmission on configured grant. There are three possible options for the operation of BWP inactivity timer when UL LBT fails
Option1: Stop the timer
Option2: Start/Restart the timer
Option3: Do nothing
We would like to understand different companies' option with the following question:
Question5a: Which of the above options do companies prefer for BWP inactivity timer when LBT fails for transmission on configured grant and why?
	Company Name
	Yes/No
	Reason

	vivo
	Option 3
	If the network does not receive PUSCH from the UE, the BWP inactivity timer of the network will not start/restart. To align the timer between the network and the UE, we consider that the UE should not start/restart the timer if the MAC PDU is not transmitted.

	ZTE
	Option 2
	Although LBT fails, the UE is actively trying to transmit on the BWP. So, the inactivity timer should be restarted (since there is data activity on the BWP). The intention is to avoid the expiry of the timer prematurely. For the issue raised by Vivo, once LBT succeeds, the network and UE timers will be syncrhonised again anyway. 

	Intel
	Option 3
	No change to the existing NR behaviour regardless of LBT outcome. Since LBT failure is still consider activity on the current BWP

	Ericsson
	Option 3
	It is sufficient for the gNB and the UE to choose a suitable setting of bwp-Inactivitytimer depending on measured CO or LBT failure statistics. That can be handled by the network implementation.

	InterDigital
	Option 3
	This timer should only start when a MAC PDU is transmitted on an uplink configured grant, keeping the R15 behaviour. Doing any of the other options can cause a miss-synchronization issue with the gNB. 

	OPPO
	Option3
	We prefer to do nothing to the timer if LBT fails for the configured grant, since it’s still regarded as activity on the current active BWP, similar as Intel comments.

	Huawei, HiSilicon
	Option3
	For NR-U, it is possible that the configured grant is not used because of UL skipping and UL LBT failure. Hence, Option1/2 does not work because the network does not know whether the PUSCH transmission failure is due to LBT or UL skipping.  While for UL skipping, the current MAC behaviour is to do nothing, for LBT failure, the MAC behaviour should be the same

	Samsung
	Option 3
	-

	Qualcomm
	Option 3
	It should be started only when LBT passes and transmission happens, which is consistent with legacy. Agree with others on the gNB-UE synchronization issue. However, we acknowledge that a sufficiently long inactivity timer would be essential to prevent unnecessary switching to default BWP due to LBT failures.  

	LG
	Option3
	In R15 NR, when the UE skips the configured grant, it handles the BWP inactivity timer based on Option 3, i.e. neither (re)starts nor stops the timer. Since the network cannot clearly differentiate the transmission blocking due to LBT failure from the grant skipping with busy medium occupied by other node (e.g. WiFi node), the handling of the BWP inactivity timer based on Option1 or Option2 may cause misaligned timer values between the UE and the network.
Moreover, even if the UE does nothing for the BWP inactivity timer when LBT fails, like Option3, the network would send a retransmission grant and the BWP inactivity timer would be (re)started upon reception of retransmission grant.
Given all the above points, we prefer Option3.

	Spreadtrum
	Option 3
	This scenario can be regarded as that no MAC PDU is transmitted on this occasion of the configured uplink grant. 
So we prefer Option3.

	Lenovo/MotM
	Option3
	We agree with the observation that Option 1 and 2 might lead to some desynchronization between UE and gNB. Therefore Option 3 seems to be the only viable option.

	Xiaomi
	Option 3
	

	Panasonic
	Option 3
	To align the understanding between UE and gNB, UE shall not start/restart/stop the timer. 

	MediaTek
	Option 3
	We agree with views of most of the others that in order to keep the timer between UE and network synchronized, UE should not start/restart the BWP inactivity timer when LBT fails for configured grants.

	Convida Wireless
	Option 3
	Desynchronization.

	Nokia
	Option 3
	For the case of configured grant, the timer is not started if the transmission is not performed due to LBT, similar to UL skipping since the NW is not aware of the situation.

	Fujitsu
	Option 3
	No change to the existing NR behaviour regardless of LBT result due to the gNB-UE synchronization.

	Charter Communications
	Option 3
	The timer should start when LBT is successful and an UL transmission occurs, which is consistent with above-cited step from [2].


18 companies voted for Option3, 1 companies voted for Option2. Based on the above statistics, the rapporteur would make the following proposal:
Proposal5: Upon UL transmission on configured grant, LBT failure has no impact on BWP inactivity timer. 
In R15 NR, bwp-inactivityTimer can also be started/restarted when scheduling DCI is received on or for the BWP. In R16 NR-U, we are face with the same question, it is possible that the scheduling DCI is received, but for the transmission on the UL grant on PUSCH, it fails due to LBT. 
Option1: Stop the timer
Option2: Start/Restart the timer
Option3: Do nothing
Hence, the following question needs to be discussed:
Question5b: Which of the above options do companies prefer for BWP inactivity timer when LBT fails for transmission on the dynamic UL grant and why?
	Company Name
	Yes/No
	Reason

	vivo
	Option 3
	If the network does not receive the PUSCH from the UE, there are two cases, i.e. one is the missing PDCCH and another is the UL LBT failure. The network cannot know which error case could be. For the missing PDCCH case, the UE will not start/restart the timer (i.e. Option 3: Do nothing). For the UL LBT failure case, if the UE does not apply Option 3, the timer will not be aligned between the UE and the network.

	ZTE
	Option 2
	Same as above. 

	Intel
	Option 3
	No change to the existing NR behaviour regardless of LBT outcome.

	Ericsson
	Option 3
	It is sufficient for the gNB and the UE to choose a suitable setting of bwp-Inactivitytimer depending on measured CO or LBT failure statistics. That can be handled by the network implementation.

	InterDigital
	Option 3
	As in R15, the timer is not (re)-started due to a transmission -or lack of a transmission- on a dynamic UL grant. The timer is (re)-started when when a scheduling DCI is received on or for the BWP.

	OPPO
	Option3
	Same as above.

	Huawei, HiSilicon
	Option3
	Same understanding as vivo but in addition to the two cases of not receive PUSCH, there is a third when dynamic grant skipping is configured. Also, the case of reception failure of PDCCH does not hold since here we have assumed that PDCCH reception is successful. 

	Samsung
	Option 3
	-

	Qualcomm
	Option 3
	Agree with Vivo

	LG
	Option2
	In R15 NR, the UE handles the BWP inactivity timer regarding the dynamic UL grant based only on the PDCCH reception indicating the grant, regardless of whether the UE transmits the PDU on the corresponding UL grant or not. Thus, the same principle should be applied for NR-U.

	Spreadtrum
	Option 3
	This scenario can be regarded as that no MAC PDU is transmitted on this occasion indicated by the dynamic UL grant. There is nothing needs to do for the timer.

	Lenovo/MotM
	Option 3
	Same as for Question 5

	Xiaomi
	Option 3
	

	Panasonic
	Option 3 
	Same as Question 5a.

	MediaTek
	Option 2/ 3
	We think that BWP inactivity timer should be started/re-started on reception of DCI and should not depend on UL LBT outcome. We could not figure out whether this is Option 2 or Option 3.

	Convida Wireless
	Option 2
	In this case the network scheduler should know the UE had data available for transmission. Otherwise why would a grant be sent? Lost PDCCHs should be a rare occurrence and the network could resynchronize when this occurs.

	Nokia
	Option 2
	For dynamic UL, the timer should be restarted regardless of the UL transmission is performed or not to ensure sync between UE and eNB.

	Fujitsu
	Option 3
	No change to the existing NR behaviour regardless of LBT result.

	Charter Communications
	Option 3
	Similar to Q5a, the timer should start when LBT is successful and the UL transmission occurs.



14 companies voted for Option3, 4 companies voted for Option2 and 1 company voted Option2/3. Based on the above statistics, the rapporteur would make the following proposal:
Proposal6: Upon UL transmission on dynamic grant, LBT failure has no impact on BWP inactivity timer.

In R15 NR, the Scell deactivation timer is re-started at the following cases:
· Reception of Scell activation/deactivation MAC CE
· Scheduling of UL grant or DL assignment on or for the SCell
· Transmission on the configured UL grant or DL assignment
Then, the same question and options can be asked for whether SCell deactivation timer should be restarted when LBT fails for UL transmission on configured grant.
Option1: Stop the timer
Option2: Start/Restart the timer
Option3: Do nothing
Question6a: Which of the above options do companies prefer for sCellDeactivationTimer when LBT fails for transmission on configured grant and why?
	Company Name
	Yes/No
	Reason

	vivo
	Option 3
	Same reason as given in Question 5a.

	ZTE
	Option 2
	See above. 

	Intel
	Option 2
	No change to the existing NR behaviour regardless of LBT outcome. LBT failue still consider as an activities on sCell

	Ericsson
	Option 3
	It is sufficient for the gNB and the UE to choose a suitable setting of sCellDeactivationTimer depending on measured CO or LBT failure statistics. That can be handled by the network implementation.

	InterDigital
	Option 3
	Same reason as in the answer for Question 5(a)

	OPPO
	Option3
	We prefer to do nothing to the timer if LBT fails for the configured grant, since it’s still regarded as activity on the current active BWP.

	Huawei, HiSilicon
	Option3
	Same reason as in Question5a

	Samsung
	Option 3
	-

	Qualcomm
	Option 3
	Same reason as BWP operation

	LG
	Option3
	Same reason as given in Question5a.

	Spreadtrum
	Option 3
	Same reason as given in Question 5a.

	Lenovo/MotM
	Option 3
	

	Xiaomi
	Option 3
	

	Panasonic
	Option 3
	Same as Question 5a. 

	MediaTek
	Option 3
	Same reason as given in Question 5a.

	Convida Wireless
	Option 3
	Same as 5a.

	Nokia
	Option 3
	Same as Q5a

	Fujitsu
	Option 3 
	No change to the existing NR behaviour regardless of LBT result.

	Charter Communications
	Option 3
	Similar reasoning as in Q5a. 



17 companies voted for Option3, 2 companies voted for Option2. Based on the above statistics, the rapporteur would make the following proposal:
Proposal7: Upon UL transmission on configured grant, LBT failure has no impacts on scellDeactivationTimer

For sCellDeactivationTimer, the same question as bwp-inactivityTimer also exists that whether the sCellDeactivationTimer should be started/restarted when transmission on dyanmic grant while LBT fails. Hence, we propose the following question for different options for sCellDeactivationTimer
Option1: Stop the timer
Option2: Start/Restart the timer
Option3: Do nothing
Question6b: Which of the above options do companies prefer for sCellDeactivationTimer when LBT fails for transmission on the dynamic UL grant and why?
	Company Name
	Yes/No
	Reason

	vivo
	Option 3
	Same reason as given in Question 5b.

	ZTE
	Option 2
	Same as above. 

	Intel
	Option 3
	No change to the existing NR behaviour regardless of LBT outcome.

	Ericsson
	Option 3
	Same as question 6a. 

	InterDigital
	Option 3
	Same reason as in the answer for Question 5(b)

	OPPO
	Option3
	We prefer to do nothing to the timer if LBT fails for the dynamic grant, since it’s still regarded as activity on the current active BWP.

	Huawei, HiSilicon
	Option3
	Same reason as given in Question 5b.

	Samsung
	Option 3
	-

	Qualcomm
	Option 3
	Same reason as BWP operation

	LG
	Option2
	Same reason as given in Question5b.

	Spreadtrum
	Option 3
	Same reason as given in Question 5b.

	Lenovo/MotM
	Option 3 
	

	Xiaomi
	Option 3
	

	Panasonic
	Option 3
	Same as Question 5a. 

	MediaTek
	Option 2/3 
	Same reason as given in Question 5b.

	Convida Wireless
	Option 2
	Same as 5b.

	Nokia
	Option 2
	Same as Q5b

	Fujitsu
	Option 3
	No change to the existing NR behaviour regardless of LBT result.

	Charter Communications
	Option 3
	Similar reasoning as in Q5. 


17 companies voted for Option3, 4 companies voted for Option2, and 1 company voted for option 2/3. Based on the above statistics, the rapporteur would make the following proposal:
Proposal8: Upon UL transmission on dynamic grant, LBT failure has no impact on sCellDeactivationTimer. 


LBT impact on BSR/PHR content
BSR/PHR transmitted on dynamic grant
In LTE LAA, since LBT is needed before each transmission on LAA SCells, there was some discussion on whether the PH value reported for the LAA SCell be based on a real transmission or a reference format in case of LBT failure. There are several options for the format of PH when it is transmitted for a certain serving cell with UL transmission:
a) PH value based on a real transmission when LBT fails
b) PH value based on a reference format when LBT fails
c) PH value either based on a real transmission or a reference format according to LBT outcome
Actually if LBT fails, there is no real transmission and the PH value should be based on a virtual format, however LBT happens just before transmission, the MAC entity needs to construct the MAC PDU before LBT procedure and it assumes there is a real transmission on LAA SCell, in this case, there is no time to make any further update on the PH value based on the LBT result. Therefore, in LTE LAA, RAN2 agreed that the content of a MAC PDU (including any PHR value) will not change after it has been built.
For BSR, similar issue also exist. If BSR transmission fails due to LBT, the BSR still will be pending and when it is finally transmitted, there are two options
a) Transmit BSR with updated content
b) Transmit BSR with original content
In NR-U, we are faced with the same issue and several sources have contributed in the last meeting on the LBT's impact on PHR. [R2-1901213, R2-1901669, R2-1901332] 
Question7: Do companies agree that content of a MAC PDU (including any PHR value) will not change after it has been built for transmission on dynamic grant even if the LBT fails and why?
	Company Name
	Yes/No
	Reason

	vivo
	Yes
	This is complicated/difficult for the UE to change the PHR value in a built MAC PDU. 

	ZTE
	Yes
	Same reasons as LAA apply for this case too. Once LBT succeeds, UE has to transmit immediately and UE cannot change the contents of the MAC PDU at this time.

	Intel
	Yes
	The network knows exactly when the initial transmission of the UL grant. Hence it can left to network implementation to use or not to use the BSR/PHR.

	Ericsson
	No
	RAN2 can study if it is sufficient to leave to UE implementation as was done in feLAA.

	InterDigital
	Yes
	Failure to transmit a TB for a given HARQ Process ID due to LBT failure should be treated as any other unsuccessful HARQ transmission from the UE's perspective i.e., the TB remains in the HARQ buffer until the UE receives a new grant for a retransmission.
Given the timing of the initial dynamic UL grant is known to the gNB, PHR and BSR values corresponding to the initial grant can be inferred when retransmitted on a later grant, if the MAC PDU contents are not changed after constructing the TB.
The benefit of changing the PHR/BSR values for a retransmission comes with the cost of increased complexity and breaking the understanding that a TB is not changed after it is delivered to the HARQ entity, at least for dynamic grants.

	OPPO
	Yes
	It would increase the complexity from the UE side since it require the UE the change the MAC PDU stored in the HARQ buffer when LBT success, so we don’t prefer to change the contents of the MAC PDU which has already been stored in the buffer.

	Huawei, HiSilicon
	Yes
	For dynamic grant, the time of PHR/BSR assembly is deterministic and the network knows at the time of retransmission of the PDU containing the PHR/BSR, when was the PHR/BSR generated and the PHR/BSR represents the power headroom or buffer status of which time instance. 

	Samsung
	Yes
	We share the view with other UE vendors.

	Qualcomm
	Yes
	For both PHR and BSR, the UE should not be forced to change contents as there may not be sufficient time to do this. We should follow the LTE eLAA procedures.

	LG
	Yes
	In R15 NR, a MAC PDU including outdated information is delivered without content update in case of HARQ retransmission. So, considering the burden of the UE for content update, content of a MAC PDU does not need to be changed even if the LBT fails.

	Spreadtrum
	Yes
	 Changing the content of a MAC PDU will increase complexity of UE.

	Lenovo/MotM
	Yes
	Agree with Huawei, that for dynamic grant the NW knows when PHR/BSR calculation was done. Therefore there is no need to update the contents in case of LBT failure.   

	Xiaomi
	Yes
	Agree with QC

	Panasonic
	Yes
	Same view as vivo.

	MediaTek
	Yes
	We agree with ZTE and Vivo, that once LBT succeeds, UE should immediately transmit the MAC PDU without changing its contents. 

	Convida Wireless
	Yes
	Complexity and time of calculation is known for dynamic grants.

	Nokia
	Yes
	The UE has not the time to change the content of a MAC PDU (including PHR) based on the outcome of LBT. 

	Fujitsu
	Yes
	Keep the MAC PDU as it is would be the baseline. Mayebe, if the re-building of the MAC PDU is possible, it should be ok to do so, meaning that whether or not rebuilding the MAC PDU might be able to be left to UE implementation.

	Charter Communications
	
	This should be debated based on the trade-off between accurate BSR vs UE complexity (to re-prepare the MAC PDU after an initial LBT failure and while waiting for next opportunity).   


17 companies voted for Yes, 4 companies voted for No and 1 company abstained. Based on the above statistics, the rapporteur would like to propose the following:
Proposal9: Content of a MAC PDU (including any PHR value) will not change after it has been built for transmission on dynamic grant even if the LBT fails
BSR/PHR transmitted on configured grant 
During the last meeting, several sources have provided their understanding on the BSR/PHR transmitted on configured grant with LBT impacts. [R2-1901669, R2-1901213, R2-1901332]
While in R-15 feLAA, the following note has been captured for BSR and PHR, respectively in TS 36.321:
	BSR
NOTE 2:	If UL HARQ operation is autonomous for the HARQ entity and if the BSR is already included in a MAC PDU for transmission by this HARQ entity, but not yet transmitted by lower layers, it is up to UE implementation how to handle the BSR content.
PHR
NOTE 2:	If UL HARQ operation is autonomous for the HARQ entity and if the PHR is already included in a MAC PDU for transmission by this HARQ entity, but not yet transmitted by lower layers, it is up to UE implementation how to handle the PHR content.



Based on the above contributions and the legacy feLAA mechanisms, the following two options can be summarized
Option1: Some enhancements are needed for the transmission of BSR/PHR on configured grant for NR-U
Option2: Reuse the feLAA mechanism: Up to the implementation of the UE to handle the content of BSR/PHR
Option 3: The content of a MAC PDU (including any PHR/BSR value) will not change after it has been built for transmission on configured grant even if the LBT fails.
Among the two options above, we propose the following question:
Question8: Among the two options above, which option does company prefer for BSR/PHR transmitted on configured UL grant and why?
	Company Name
	Yes/No
	Reason

	vivo
	Option 3
	This is complicated/difficult for the UE to change the PHR value in a built MAC PDU.

	ZTE
	Option 2
	Follow FeLAA principles. 

	Intel
	Option 2
	Leave it to UE implementation.

	Ericsson
	Option 1
	RAN2 can study if it is sufficient to leave to UE implementation. 
In LAA,  the traffic with critical QoS requirements are not transmitted on SCell in unlicensed band, while in NR-U, the situation is different, the traffic with critical QoS requirements may transmit on unlicensed carriers.

	InterDigital
	Option 2
	The FeLAA principle can be reused.

	OPPO
	Opton2
	

	Huawei, HiSilicon
	Option1
	Configured grant has different issues from dynamic grant. For PHR/BSR transmission on configured grant, due to LBT failure, the gNB may not be aware of the initial transmission of the PHR/BSR. Then, at the retransmission of the PHR/BSR, the network side is unable to determine the PHR/BSR represents the power headroom or buffer status of which time instance of the UE. This would lead to inefficient scheduling that the network may schedule too much/little resource to the UE. 
In feLAA, the issue has been discussed but due to the time limit, it was left to UE implementation. NR-U should be better than that.  

	Samsung
	Option 2/3
	We prefer to not change the contents, but it is okay to leave it to the UE implementation.

	Qualcomm
	Option 2
	This was extensively discussed for feLAA and it was decided to leave it to the UE implementation. The same should be adopted for NRU.

	LG
	Option3
	As mentioned in Question7, content of a MAC PDU does not need to be changed even if the LBT fails.

	Spreadtrum
	Option3
	We prefer not to change the content of a MAC PDU.

	Lenovo/MotM
	Option 1/2
	We don’t want to force the UE to update the BSR/PHR MAC CE in an already generated TB. However different to feLAA, in NR gNB needs to be aware of the time when PH value was calculated in order to determine the correct PHR type (type 1 or 3) of a reported PH value. This was extensively discussed during PHR discussions for NR. 
Since gNB is due to LBT failures not aware of the time instance when UE generated a PHR MAC CE, some enhancements need to be considered for case when PHR MAC CE is transmitted on a configured grant resource.   

	Xiaomi
	Option 2
	It is difficult for UE to change the content at the time of LBT success, but UE may be able to change the content before LBT success, it is difficult to define how long UE needs to change the content.

	Panasonic
	Option 2
	Reuse the feLAA principle in NR-U. 

	MediaTek
	Option 2
	Reuse the feLAA mechanism.

	Convida Wireless
	Option 1/2
	Agree with Lenovo/MotM

	Nokia
	Option 2
	Ideally, from NW point of view it is best if the UE can re-generate the TB if it cannot be sent due to LBT. We also understand it might difficult for some cases, e.g. when the periodicity is very short. This discussion equally applies to BSR/PHR transmitted on dynamic grant when the first transmission attempt fails because of LBT. 

	Fujitsu
	Option 2
	The baseline would be feLAA mechanism.

	Charter Communications
	Option 2
	Reuse feLAA mechanism, unless a new NR-U specific argument is brought up. 


2 companies voted for Option1, 2 companies voted for Option1/2, 11 companies voted for Option2 and 1 company voted for option2/3. Based on the above statistics, the rapporteur would like to propose the following:
Proposal10: For BSR/PHR transmitted on configured grant, it is up to the implementation of the UE to handle the content of BSR/PHR.


LBT impacts on BSR cancelation
Based on TS 38.321[2], for BSR cancellation, it specifies that
	All BSRs triggered prior to MAC PDU assembly shall be cancelled when a MAC PDU is transmitted and this PDU includes a Long or Short BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR prior to the MAC PDU assembly.



In NR-U, for the transmission of the MAC PDU containing the BSR, LBT needs to be performed before its transmission. Then, there can be two options for BSR cancelation: 
Option1: BSR is cancelled when MAC PDU is transmitted and LBT for the UL does not fail 
Option2: BSR is cancelled regardless of whether LBT for the MAC PDU succeeds or not.
Based on the above two questions, the rapporteur would like to ask which option do companies prefer 
Question9: Which option do companies prefer for BSR cancellation and why?
	Company Name
	Option
	Reason

	vivo
	Option 2
	At the LBT failure, the BSR can still be re-transmitted via the HARQ process. If the BSR is not cancelled, the old BSR still needs to be transmitted, and a new/redundant BSR will be included in a new MAC PDU.

	ZTE
	Option 2
	This mainly depends on what happens to the MAC PDU that is assembled and submitted to the lower layers. If the MAC PDU is not transmitted due to LBT, then our understanding is that a retransmission of this will be attempted and eventually the MAC PDU will be successfully delivered once LBT succeeds. So, in this case the correct behaviour is to cancel the BSR once MAC PDU is submitted to lower layers. Note that this is similar to normal operation (in licensed spectrum) where the packet could result in error over the air (i.e. whether the packet is dropped over the air or due to LBT failure can be treated in similar way from MAC perspective). 

	Intel
	Option 2
	No change to legacy behaviour

	Ericsson
	Option 2
	Option 2 is the same as in NR Rel-15. There is no reason to change existing cancellation rules in NR Rel-15.

	InterDigital
	Option 2
	

	OPPO
	Option2
	

	Huawei, HiSilicon
	Option2
	BSR triggers should be cancelled since the BSR will eventually be transmitted to the network. If not cancelled, a new BSR indicating nothing is in the buffer will be transmitted, which is redundant. 

	Samsung
	Option 2
	

	Qualcomm
	Option 2
	Agree that LBT failure should not be treated differently than transmission failure for this case.

	LG
	Option2
	Even after the LBT failure, the BSR can be (re)transmitted through the HARQ retransmission. In addition, according to the current description for BSR cancellation, only BSRs triggered prior to the MAC PDU assembly would be cancelled and the BSR included in the MAC PDU contains all the events that triggered the BSRs to be cancelled. Thus, the UE does not need to keep the old BSRs. 

	Spreadtrum
	Option2
	

	Lenovo/MotM
	Option 2
	

	Xiaomi
	Option 2
	

	Panasonic
	Option 2
	

	MediaTek
	Option 2
	We think Option 2 can be used as a baseline. However, our concern is that there can be pending data in the UE, which the network is not aware of.  Hence, further enhancements may need to be considered.

	Convida Wireless
	Option 2
	

	Nokia
	Option 2
	Can rely on BSR retransmission anyway. Note that the UE behaviour with respect to BSR cancelation also depends on the outcome of question 8. If e.g. it is left to UE implementation whether, upon LBT failure at the first transmission attempt, the UE shall, at the next transmission attempt, transmit the same TB (including BSR) or build a new TB, this may have an impact on whether or not the BSR shall be cancelled regardless of LBT outcome. 

	Fujitsu
	Option 2
	No change to the existing NR behaviour regardless of LBT result.

	Charter Communications
	Option 2
	As long as the MAC PDU gets transmitted, the same baseline procedure for cancelling BSR can be used. 



All the companies voted for Option2. Based on the above statistics, the rapporteur would like to propose the following:
Proposal11: All BSRs triggered prior to MAC PDU assembly shall be cancelled when a MAC PDU is transmitted on PUSCH while UL LBT fails and this PDU includes a Long or Short BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR prior to the MAC PDU assembly

Data inactivity timer
Similar to bwp-inactivity timer, the intention of data inactivity timer is to align the UE and network's understanding when the reception of the RRC release message fails constantly. In R15, the following spec has been specified for MAC:
	[bookmark: _Toc534933478]5.19	Data inactivity monitoring
The UE may be configured by RRC with a Data inactivity monitoring functionality, when in RRC_CONNECTED. RRC controls Data inactivity operation by configuring the timer dataInactivityTimer.
When dataInactivityTimer is configured, the UE shall:
1>	if any MAC entity receives a MAC SDU for DTCH logical channel, DCCH logical channel, or CCCH logical channel; or
1>	if any MAC entity transmits a MAC SDU for DTCH logical channel, or DCCH logical channel:
2>	start or restart dataInactivityTimer.
1>	if the dataInactivityTimer expires:
2>	indicate the expiry of the dataInactivityTimer to upper layers.


Noticing that one of the conditions why dataInactivityTimer should be restarted is that the transmission of a MAC SDU for DTCH or CCCH, the same question comes that at the transmission of this MAC SDU, if the LBT fails, whether the dataInactivityTimer should be started/restarted?
Question10: Do companies think that dataInactivityTimer should be restarted when any MAC entity transmits a MAC SDU for DTCH logical channel, or DCCH logical channel while the UL LBT fails and why?
	Company Name
	Option
	Reason

	vivo
	Yes
	The timer is used for the case when the RRC release message is transmitted but not received by the UE, the UE releases the RRC connection at the expiry of the timer.  If the UE does not restart the timer, the UE could be pushed to IDLE at the timer expiry.

	ZTE
	Yes (started/restarted)
	Given that activity exists, the activity timer should be started/restarted. 

	Intel
	Yes
	No change to legacy behaviour
[Rapporteur] Actually, the discussion for data Inactivity Timer and NR-U happened in parallel. So there was no legacy behaviour. 

	Ericsson
	Yes
	Retransmissions may take place. 

	InterDigital
	Yes
	

	OPPO
	Yes
	

	Huawei, HiSilicon
	Yes
	It should be restarted because the channel is current being used and the UE is in active state. If the timer is not started/restarted, the UE may unnecessarily go to the idle mode.

	Samsung
	Yes
	The purpose of the timer is to cover the case when UE misses the RRC release message, and to not restart the timer may result misalignment between UE and network.

	Qualcomm
	Yes
	Even though gNB is not aware of this transmission when it is on CG, it is better to try delivering the packet than going to Idle early.

	LG
	Yes
	

	Spreadtrum
	Yes
	If the timer is not restarted, the UE will go to ILDE state too early which is not desired. 

	Lenovo/MotM
	Yes
	In order to avoid a desynchronization between gNB and UE, the timer should be restarted. 

	Xiaomi
	Yes
	

	Panasonic
	Yes
	To avoid the timer misalignment between gNB and UE.

	MediaTek
	Yes
	

	Convida Wireless
	Yes
	Because there is data to transmit.

	Nokia
	
	May depends on dynamic grant or configured grant similar to the earlier questions.

	Fujitsu
	Yes
	As long as MAC SDU is unable to be sent due to LBT failure, it is better to restart dataInactivityTimer so as to keep the current RRC state.

	Charter Communications
	Yes
	To avoid going to Idle mode, the timer should be restarted.



All the companies voted for Yes. Based on the above statistics, the rapporteur would like to propose the following:
Proposal12: dataInactivityTimer should be restarted when any MAC entity transmits a MAC SDU for DTCH logical channel, or DCCH logical channel while the UL LBT fails

LBT impacts on DRX
Based on TS 38.321 [2], the drx-HARQ-RTT-timerUL is started in the first symbol after the end of the first repetition of the corresponding PUSCH transmission, either by dynamic or configured grant.
	configured grant
1>	if a MAC PDU is transmitted in a configured uplink grant:
2>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
2>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
dynamic grant
2>	if the PDCCH indicates a UL transmission:
3>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.



For NR-U, the same issue exists for both dynamic grant and configured grant. When PUSCH transmission is blocked by LBT, the network will schedule this UE for retransmission in subsequent resource. For dynamic grant, UL grant for retransmission is obtained by PDCCH monitoring. For configured grant, UL grant for retransmission can be obtained by both configured grant and dynamic grant. 
Hence, we propose the following questions:
Question11a: Do companies agree that drx-HARQ-RTT-TimerUL should be started/restarted regardless of the LBT outcome for PUSCH transmission with dynamic grant?
	Company Name
	Yes/No
	Reason

	vivo
	Yes 

	We consider that one key point of starting/restarting the HARQ RTT timer is to align the HARQ retransmission timer between the UE and the gNB.
For the dynamic grant, if the UE does not start/restart the timer at the LBT failure, the UE may miss the re-transmission opportunity of the PDCCH.

	ZTE
	Yes
	In order to receive scheduling retransmission grant, the drx-HARQ-RTT-TimerUL should be started/restarted regardless of LBT outcome.

	Intel
	Yes
	Agree with ZTE that the drx-HARQ-RTT-TimerUL has to be started in order for retransmission grant to be received.

	Ericsson
	Yes
	Agree with ZTE. 

	InterDigital
	Yes
	Agree with ZTE.

	OPPO
	Yes
	Agree with ZTE.

	Huawei, HiSilicon
	Yes
	The important issue is the alignment of the timer between UE and network. Agree with vivo

	Samsung
	Yes
	UE should be able to receive grant for the retranmission.

	Qualcomm
	Yes
	The gNB is aware of the grant time and will not schedule a retransmission so the UE should start the timer and can sleep.

	LG
	Yes
	The network would schedule a retransmission if it doesn’t receive any MAC PDU after uplink scheduling by not distinguishing whether the reason is LBT failure or transmission failure or UL skipping in the UE side. To receive this retransmission uplink grant, the MAC should start drx-HARQ-RTT-TimerUL regardless of LBT result.

	Spreadtrum
	Yes
	Agree with ZTE.

	Lenovo/MotM
	Yes
	We agree with others

	Xiaomi
	Yes
	

	Panasonic
	Yes
	We agree with other companies. 

	MediaTek
	Yes
	We agree with others’ views that for dynamic grants the UE needs to start/restart the timer, otherwise it might miss the retransmission opportunity.

	Convida Wireless
	Yes
	

	Nokia
	Yes
	Similar to previous questions, for configure grant it should only be (re)started if the TB is actually sent, since otherwise the NW is not aware of the transmission. For dynamic grant, it should be always (re)started, otherwise it needs to rely on DTX detection to ensure sync between NW and UE, but DTX detection is usually not very reliable.

	Fujitsu
	Yes
	

	Charter Communications
	Yes
	Given it’s a dynamic grant and the gNB schedules for retransmission, the UE can follow baseline procedure. Agree with QC. 


All the companies voted for Yes. Based on the above statistics, the rapporteur would like to propose the following:
Proposal13: drx-HARQ-RTT-TimerUL should be started/restarted regardless of the LBT outcome for PUSCH transmission with dynamic grant

Question11b: Do companies agree that drx-HARQ-RTT-TimerUL should be started/restarted regardless of the LBT outcome for PUSCH transmission with configured grant?

	Company Name
	Yes/No
	Reason

	vivo
	No 
	We consider that one key point of starting/restarting the HARQ RTT timer is to align the HARQ retransmission timer between the UE and the gNB.
For the configured grant, the UE should only start/restart the timer at the LBT success, as the network will not use the PDCCH (during the running period of the HARQ retransmission timer) to trigger the HARQ retransmission if the PUSCH is not received by the gNB.

	ZTE
	No
	Since gNB does not receive PUSCH transmission with configured grant, it cannot transmit PDCCH to UE. Hence,  the drx-HARQ-RTT-TimerUL should not be started/restarted when LBT fails for configured grant transmission.

	Intel
	No
	If CG transmission does not happen due to LBT, then the HARQ RTT timer should not be started. This is related to Q4a

	Ericsson
	No
	The timer should not be started/restarted in case of the transmission is subjected to LBT failures.

	InterDigital
	No
	If there was no initial transmission made, a retransmission would not be scheduled.

	OPPO
	No
	Same view as above

	Huawei, HiSilicon
	[bookmark: OLE_LINK11][bookmark: OLE_LINK12]No
	If the timer is started/restarted at LBT failure, the network does not such thing has happened in the UE side. Then, the timer will not be aligned between UE and the network. 

	Samsung
	No
	The question is linked with Questions 4.

	Qualcomm
	No
	In FeLAA AUL, it is started only upon successful transmission.

	LG
	Yes
	No difference between dynamic and configured uplink grant.
The network would schedule a retransmission if it doesn’t receive any MAC PDU by not distinguishing whether the reason is LBT failure or transmission failure or UL skipping in the UE side. To receive this retransmission uplink grant, the MAC should start drx-HARQ-RTT-TimerUL regardless of LBT result.

	Spreadtrum
	No
	Share vivo’s view.

	Lenovo/MotM
	No
	We don’t see a motivation to start the HARQ RTT timer if UL transmission didn’t take place due to LBT failure.

	Xiaomi
	No
	

	Panasonic
	No
	

	MediaTek
	No
	We agree with others that the timer should not be started/restarted to maintain synchronization between the HARQ retransmission timers in UE and gNB.

	Convida Wireless
	No
	

	Nokia
	No
	See Q11a

	Fujitsu
	No
	Same views with others.

	Charter Communications
	No
	Should be started after a successful transmission. 


18 companies voted for No while 1 company voted for Yes. Based on the above statistics, the rapporteur would like to propose the following:
Proposal14: drx-HARQ-RTT-TimerUL should not be started/restarted when LBT fails for PUSCH transmission with configured grant
Any other issues?
In this section, companies are welcomed to provide feedback on any question that have not been addressed by the contributions submitted to the previous meeting or the above email discussion. 
Question12: Any other issues?
	Company Name
	Reason

	
	



Email discussion report
[bookmark: _Toc494187378]Observtion1: The ongoing discussion in RAN1/2 on RLM may not have impacts on the handling of UL LBT.
Observation 2: The ongoing discussion in RAN1/2, e.g., on RRM, including introduction of RSSI, etc., may not have impacts on the handling of UL LBT
Proposal1: Adopt a new mechanism in MAC spec to handle the UL LBT failure, with the following details on this mechanism FFS
· timer-based/counter-based/timer&coutner-based solution
· the UE behavior at the timer/counter expiry and how to declare RLF
· impacts on the SR and RACH counter
· relationship between CAPC and the UL LBT handling
· whether to differentiate between LBT type2/4 and within/outside COT
· early reporting of the successive UL LBT failure
Proposal2: The configured grant timer is not started/restarted when configured grant is not transmitted due to LBT failure
Proposal3: The configured grant timer is not started/restarted when UL LBT fails on PUSCH transmission for grant received by PDCCH addressed to CS-RNTI scheduling retransmission for configured grant
Proposal4: The configured grant timer is not started/restarted when the UL LBT fails on PUSCH transmission for UL grant received by PDCCH addressed to C-RNTI, which indicates the same HARQ process configured for configured uplink grant
Proposal5: Upon UL transmission on configured grant, LBT failure has no impact on bwp-InactivityTimer
Proposal6: Upon UL transmission on dynamic grant, LBT failure has no impact on bwp-InactivityTimer
Proposal7: Upon UL transmission on configured grant, LBT failure has no impacts on sCellDeactivationTimer
Proposal8: Upon UL transmission on dynamic grant, LBT failure has no impact on sCellDeactivationTimer. 
Proposal9: Content of a MAC PDU (including any PHR value) will not change after it has been built for transmission on dynamic grant even if the LBT fails
Proposal10: For BSR/PHR transmitted on configured grant, it is up to the implementation of the UE to handle the content of BSR/PHR.
Proposal11: All BSRs triggered prior to MAC PDU assembly shall be cancelled when a MAC PDU is transmitted on PUSCH while UL LBT fails and this PDU includes a Long or Short BSR MAC CE which contains buffer status up to (and including) the last event that triggered a BSR prior to the MAC PDU assembly
Proposal12: dataInactivityTimer should be restarted when any MAC entity transmits a MAC SDU for DTCH logical channel, or DCCH logical channel while the UL LBT fails
Proposal13: drx-HARQ-RTT-TimerUL should be started/restarted regardless of the LBT outcome for PUSCH transmission with dynamic grant
Proposal14: drx-HARQ-RTT-TimerUL should not be started/restarted when LBT fails for PUSCH transmission with configured grant
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Annex
DL LBT in TR 38.889
For initiation of a COT by the gNB (operating as an LBE device), the channel access schemes in Table 7.2.1.3.1-1 are used.
Table 7.2.1.3.1-1: Channel access schemes for initiating a COT by gNB as LBE device
	
	Cat 2 LBT
	Cat 4 LBT

	DRS alone or multiplexed with non-unicast data (e.g. OSI, paging, RAR) 
	When the DRS duty cycle ≤1/20, and the total duration is up to 1 ms: 25 µs Cat 2 LBT is used (as in LAA)
	When DRS duty cycle is > 1/20, or total duration > 1 ms

	DRS multiplexed with unicast data 
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data

	PDCCH and PDSCH
	N/A except for the cases discussed in the Note below
	Channel access priority class is selected according to the multiplexed data


Note: Applicability of an LBT scheme other than Cat 4 LBT for control messages related to initial/random access, mobility, paging, reference signals only, and PDCCH-only transmissions, e.g. "RACH message 4", handover command, GC-PDCCH, or short message paging transmitted either alone or when multiplexed with DRS have been discussed. Further details related to exceptions in this note can be determined when specifications are developed.
At least for the case where a DL burst follows a UL burst within a gNB-initiated COT and there is no gap larger than 25 µs between any two transmissions in the COT, the channel access schemes in Table 7.2.1.3.1-2 apply for the DL burst following a UL burst.
Table 7.2.1.3.1-2: Channel access schemes for a DL burst follows a UL burst within a gNB-initiated COT as LBE device
	Cat 1 Immediate transmission 
	Cat 2 LBT

	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is up to 16 sec
	When the gap from the end of the scheduled UL transmission to the beginning of the DL burst is larger than 16 sec but not more than 25 µsec


Note: a DL burst is defined as a set of transmissions from a given gNB having no gaps or gaps of no more than 16 µs. Transmissions from a gNB having a gap of more than 16 µs are considered as separate DL bursts.

UL LBT in TR 38.889
Within a gNB-initiated COT, an UL burst for a UE consisting of one or more of PUSCH, PUCCH, PRACH, and SRS follows the channel access schemes in Table 7.2.1.3.1-3.
Table 7.2.1.3.1-3: Channel access schemes for a UL burst within a gNB-initiated COT as LBE device
	Cat 1 Immediate transmission 
	Cat 2 LBT
	Cat 4 LBT

	When the gap from the end of the DL transmission to the beginning of the UL burst is not more than 16 sec. Note: Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits should be further discussed when specifications are developed.
	For any of the following cases:
-	When the gap between any two successive scheduled/granted transmissions in the COT is not greater than 25 sec
-	For the case where a UL transmission in the gNB initiated COT is not followed by a DL transmission in the same COT
-	Note: the duration from the start of the first transmission within the channel occupancy until the end of the last transmission in the same channel occupancy shall not exceed 20 ms.
	N/A


Note: An UL burst is defined as a set of transmissions from a given UE having no gaps or gaps of no more than 16 µs. Transmissions from a UE having a gap of more than 16 µs are considered as separate UL bursts. The number of LBT attempts within a COT should be determined when specifications are developed.
For initiation of a COT by the UE, the channel access schemes in Table 7.2.1.3.1-4 are used.
Table 7.2.1.3.1-4: Channel access schemes for initiating a COT by UE as LBE device
	
	Cat 2 LBT
	Cat 4 LBT

	PUSCH (including at least UL-SCH with user plane data)
	N/A except for the cases discussed in Note 2 below
	Channel access priority class is selected according to the data

	SRS-only
	N/A
	Cat4 with lowest channel access priority class value (as in LTE eLAA)

	RACH-only
	(see Note 2)
	Cat4 with lowest channel access priority class value

	PUCCH-only
	(see Note 2)
	Cat4 with lowest channel access priority class value


Note 1: If the COT includes multiple signals/channels with different channel access categories / priority classes, the highest channel access priority class value and highest channel access category among the channel access priority classes and channel access categories corresponding to the multiple signals/channels applies.
Note 2: Applicability of a channel access scheme other than Cat 4 for the following signals / channels have been discussed and details are to be determined when the specifications are developed:
-	UL control information including UCI only on PUSCH, e.g. HARQ-ACK, Scheduling Request, and Channel State Information
-	Random Access
