3GPP TSG-RAN WG2 Meeting #109bis-e	R2-2002844
20-30 April 2020

Agenda item:	6.2.1
Source: 	Qualcomm Incorporated
Title:  	Report for Post109e#40][NR-U] UE capabilities (Qualcomm, Vivo)
Document for:	Discussion and decision
1. [bookmark: _Ref165266342]Introduction
The following email discussion was agreed in RAN2#109e to discuss the RAN2 related UE capabilities for NR-U:

[Post109e#40][NR-U] UE capabilities (Qualcomm, Vivo)
Discuss RAN2 related UE capabilities for NR-U (Qualcomm)
      Intended outcome: Set of agreeable proposals (Qualcomm).  Running CR for 38.306 capturing the potential agreements will be provided by Vivo 

This report captures the outcome of the discussion on NR-U RAN2 related UE capabilities.
2. UE capabilities 
RAN1 is discussing Rel-16 UE features which includes NR-U as well. The NR-U specific parts of the latest document on the RAN1 reflector is copied to Annex 1.
2.1 Consistent LBT Failure Detection and Recovery
The consistent UL LBT failure detection relies on an indication from the PHY layer to the MAC when an uplink transmission cannot occur due to an LBT failure. RAN2 has sent an LS to RAN1 (R2-1916380) and requested RAN1 to “introduce uplink LBT failure indication in their specifications if needed”. In their reply LS (R1-2001397), RAN1 has stated the following:
RAN1 has discussed the LS and possible ways of capturing uplink LBT failure indication into RAN1 specifications, namely TS 37.213. During the discussion RAN1 has observed that the cases in which Layer 1 needs to notify higher layers about UL channel access failures may not be limited to consistent UL LBT failure detection only.
To be able to capture uplink LBT failure indication accurately into TS 37.213, RAN1 will need to know the exact conditions under which Layer 1 should notify higher layers about channel access failure. RAN1 discussed e.g. whether the notification should be subject to configuration of lbt-FailureRecoveryConfig and/or other higher layer parameters. 

It should be noted that there are other cases when the above LBT indication from PHY is needed at the MAC layer. In particular, the power ramping for RACH and SR counter should be done according to the LBT outcome. 
RAN2#109bis already agreed that the UL LBT failure detection and recovery should be an optional capability. However, given that power ramping for RACH and handling of SR counter are not optional, the LBT indication by itself needs to be supported by all NR-U capable UEs. This can be added to the basic NR-U UE features in 10-1 (LBE set) and 10-3 (FBE set) in the RAN1 list but that can be discussed separately afterwards.

Question A1: Do you agree that the support for LBT indication from PHY to MAC should be mandatory for all NR-U capable UEs (i.e. supporting 10-1 or 10-2 group in RAN list)?
	Company
	Response
	Comments

	MediaTek
	Yes
	We agree that LBT indication from PHY to MAC needs to be mandatory.

	vivo
	Agree
	In addition to RACH and SR, the LBT indication from PHY to MAC is used to (re)start bwp-InactivityTimer and sCellDeactivationTimer.

	Nokia
	Yes
	

	ZTE
	Yes
	

	Intel
	Yes (if 10-1 or 10-2 feature is supported for unlicensed band)
	Only if the UE supports 10-1 or 10-2 for that band

	Ericsson
	Yes
	This should be basic functionality.

	OPPO
	Yes but
	It’s not concluded that LBE set and FBE set should be basica features for NR-U capable UE.

	Apple
	Yes
	Agree with rapporteur.

	Qualcomm
	Yes
	

	Huawei
	Yes
	Should be mandatory



Summary: All companies who responded agree that LBT indication is an essential feature and should be supported for all NR-U UEs. Whether it can be grouped with other essential NR-U parameters (i.e. 10-1 and 10-2 in RAN1 list) can be discussed later.
[bookmark: _Hlk37193300]Proposal 1: An indication from PHY to MAC on LBT failure or success should be supported by all NR-U UEs. How this can be grouped with other essential PHY layer NR-U capabilities can be discussed after RAN1 progress on those.

As mentioned above, RAN2#109e already agreed on the following:
1. A UE capability for consistent UL LBT detection and recovery is introduced. It is FFS if separate capabilities are needed for PCell, PSCell, and SCells (which have different recovery mechanisms). 

RAN2 has not not discussed the granularity of this capability, i.e. per UE, per band, per band-combination, per feature set (FS) etc. 
Question A2: What should be the granularity of the UL LBT detection and recovery? Please select from the following list used in the RAN1 document with optional justification:
1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC
	Company
	Response
	Comments

	MediaTek
	2) Per Band
	The reason is to differentiate between licensed and un-licensed bands. This capability will be applied only to un-licensed bands.

	vivo
	1) Per UE
	If UE report LBT detection and recovery capability bit, it means UE supports LBT detection and recovery on all shared spectrum bands UE supported.
We see no reason to allow UE to apply UL LBT detection and recovery in certain shared band/BC, while forbidden the function to be applied on other shared bands/BC. 
And the UL LBT detection and recovery is based on LBT indication from PHY to MAC which is proposed to be mandatory for all NR-U capable UEs, therefore we doubt whether is it necessary to couple the capability of UL LBT detection and recovery with FS/FSPC.

	Nokia
	1) Per UE
	

	ZTE
	1) Per UE
	As Vivo pointed out, if LBT is applicable on a given band and if the UE supports that NR-U band, then UE shall support LBT indication on that band. So, the signaling should be per UE. Note that if LBT is applicable on a given band, then obviously the UE should support LBT operation on that band as required by the regulatory requirements. Since L1 anyway performs LBT on that band, it seems obvious that UE shall generate LBT indications to upper layers. So, There is no need to have a per band indication and this should hence be per UE and the UE shall support it on all supported bands where LBT is applicable.

	Intel
	Per band on condition that UE supports 10-1 or 10-2 for on that unlicensed band 
	Agree with Mediatek. UE may support only the DL for that unlicensed band.

	Ericsson
	1) Per UE
	The UE knows that LBT only applies to shared spectrum (see LBT capabilities, which are per band).

	OPPO
	Per UE
	It seems there is no reason to support this function on certain shared spectrum while not support it in other share spectrum for a NR-U capable UE.

	Apple
	1) Per UE
	If UE supprots UL LBT dection and recovery, it should apply regardless band, band combination, FS and FSPC.

	Qualcomm
	Per band
	All the essential functionality in 10-1 and 10-2 are per band to differentiate licensed/unlicensed bands and this will make the capability signalling more uniform.

	Huawei
	per UE
	



Summary: 7 companies think this should be per UE while 3 companies prefer per-band. The majority opinion can be the baseline.
[bookmark: _Hlk37193310]Proposal 2: As a baseline, the capability for LBT indication is per UE.


It was FFS in RAN2#109e whether separate capabilities are needed for PCell, PSCell, and SCells. This was brought up since the recovery mechanisms are different for these three cases. In addition, they are tied to different NR-U architectural options (stand-alone, dual connectivity, and license assisted access) and all of these may not be deployed from the beginning by the operators. The LBT recovery mechanism was in essence similar to BFR which also has a separate capability for SCells as being introduced in Rel-16.

Question A3: Should separate capabilities be introduced for UL LBT recovery of PCell, PSCell, and SCells?
	Company
	Response
	Comments

	MediaTek
	No
	SCell and SpCell LBT recovery mechanisms are interlinked. Hence, it should be implemented together.

	vivo
	Separate capabilities for UL LBT recovery of PCell, PSCell, and SCells
	Separate capabilities provide more flexible which allows UE implementation according to the network deployment.

	Nokia
	Yes
	

	ZTE
	No
	

	Intel
	Yes?
	There should be capability to indicate whether the UE support unlicensed operation in (stand-alone, dual connectivity, and license assisted access deployment) for a band or per UE.  
There is no need for separate capabilities for just UL LBT recovery, since LBT failure detection is needed in order for recovery action to be applied.

	Ericsson
	No
	We see this as one feature, where all components can be implemented together.

	OPPO
	No
	We may need capability bit for different unlicensed operation, and thus there is no need to separate bit for indicate for UL LBT failure detection/recovery. 

	Apple
	No
	For UL LBT recovery in Pcell/PSCell and SCell, the difference is whether to perfom BWP switching. From TS 38.822, the “active BWP switching delay” is mandatory to support. Then we see no need to introduce separate UE capabilities here.

	Qualcomm
	Yes
	

	Huawei
	No
	



Summary: 3 companies prefer to have separate LBT detection/recovery capabilities for SCell, PSCell, and PCell and while 6 companies do not. One company suggests that this should be tied to NR-U CA/DC/SA. The majority opinion can be taken as a baseline.
[bookmark: _Hlk37193325][bookmark: _Hlk37193316]Proposal 3: As a baseline, the capability for LBT detection and recovery capability applies to all cells (SpCell and SCells).

Assuming SCell recovery is a separate capability, one question is whether there should be an additional capability for the number of SCells the UE can support it. In the RAN1 feature list document, a similar capability is being discussed for SCell BFR as follows:
1. The maximum number of SCells for SCell beam failure recovery  (FFS whether to be a separate UE feature, e.g. 16-1d)

Note that the SCell only capability can be signaled directly by this number if adopted (e.g. when the a non-zero number is reported by the UE).

Question A4: Assuming UL LBT failure recovery is a separate capability for SCells, should the UE also report the maximum number of SCells for which recovery is supported?
	Company
	Response
	Comments

	MediaTek
	No
	

	vivo
	No
	If UL LBT failure recovery is supported on SCells, we think UE should support UL LBT failure recovery on all the SCells.  

	Nokia
	No
	If the LBT failure indication was mandatory as per Question A1, seems the failure detection should be able to be supported for any SCell configured

	ZTE
	No
	

	Intel
	No
	It should depend on the BC supported.

	Ericsson
	No
	This can be seen as a complete function for SCells in general independent of the number.

	OPPO
	No
	

	Apple
	No
	The similarity between beam failure recovery and UL LBT failure recovery may not exist. To our understanding, the reason to have 16-1d is 2-31 feature in 38.822 (the maximum number of SSB/CSI RS resources across CCs). However, the SCell number UE can support UL LBT failure is not needed.

	Huawei
	No
	



Summary: None of the companies prefer to have a separate capability for the number of SCells where LBT detection/recovery is supported.
[bookmark: _Hlk37193333]Proposal 4: If a separate capability for SCell LBT detection and recovery is introduced, this will apply to all configured SCells.

2.2 RSSI and CO measurements
RAN2 has already agreed that the measurement for RSSI and Channel Occupancy is an optional capability and this was captured in the RRC CR. RAN1 is also discussing further details on this, in particular its granularity (10-10 in Annex 1). 
It may be sufficient to leave this discussion to RAN1. However, at least for completeness sake, the companies can also indicate their preference here.

Question B1: What should the granulariy of the RSSI measurement be? Please choose either to leave this to RAN1 or select from the following list:
1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC

	Company
	Response
	Comments

	MediaTek
	2) Per Band
	The reason is to differentiate between licensed and un-licensed bands. This capability will be applied only to un-licensed bands. Final decision is left to RAN1.

	vivo
	Leave this to RAN1 decision
	It is in the scope of RAN1 discussion

	Nokia
	1) Per UE
	Similarly to LTE LAA

	ZTE
	1) Per UE
	

	Intel
	Per band or wait for RAN1 feature list
	This is included in RAN1 feature list.  Wait for RAN1.
The reason that it is categorized as “per band” is that this measurement is only required for unlicensed band operation. If it is considered as “per UE”, then it may mean that regular UE (e.g., licensed UE) can have this measurement.

	Ericsson 
	1) per UE
	1) Agree with Nokia. In LTE LAA, the capability is configured per UE. 
2) It is a measurement feature and can be included as part of the MeasAndMobParameters. 

	OPPO
	Per UE or leave it to RAN1
	If UE supports NR-U, and if this capability bit is set, it only applies to NR-U band. Similar reasons there for per UE capability of UL LBT failure and recovery.
Or we can just leave it to RAN1.

	Apple
	2) Per Band
	We are also fine to leave it to RAN1.

	Qualcomm
	Per band or leave to RAN1
	

	Huawei
	But prefer to leave this to RAN1
	We should also discuss whether to define separete capability for RSSI and CO.



Summary: 4 companies support per-band, 4 support per-UE, and 5 support leaving to RAN1. Companies who supported either options were counted separately for each. Given that there is no majority in RAN2 and RAN1 is already discussing this, it seems there is not much value in continuing the discussion in RAN2.
[bookmark: _Hlk37193343]Proposal 5: RAN2 should not further discuss the granularity of RSSI/CO measurements until RAN1 discussion concludes.

2.3 New Configured Grant
The optional capability for the configured grant with retransmission is also being discussed by RAN1. Similar to the RSSI measurement, RAN2 can decide to leave this to RAN1 or agree on a RAN2 preference. Note that RAN2 has previously agreed that retransmission timer is always configured for configured grants on operation with shared spectrum channel access.
	10-18a
	Configured grant with retransmission in CG resources with LBE
	Configured grant with retransmission in CG resources with LBE
UE transmits multiple PUSCHs in a configured grant period according to the RRC configuration for both type 1 and type 2 configured grant
	Per band

	10-18b
	Configured grant with retransmission in CG resources with FBE
FFS if 10-18a and 10-18b should be merged
	Configured grant with retransmission in CG resources with FBE
UE transmits multiple PUSCHs in a configured grant period according to the RRC configuration for both type 1 and type 2 configured grant
	Per band




Question C1: What should the granulariy of the RSSI measurementConfigured Grants with retransmission be? Please choose either to leave this to RAN1 or select from the following list:
1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC

	Company
	Response
	Comments

	MediaTek
	2) Per Band
	The reason is to differentiate between licensed and un-licensed bands. This capability will be applied only to un-licensed bands.

	vivo
	1) Per UE
	If UE report configured Grants with retransmission capability bit, it means UE supports configured configured Grants with retransmission on all shared spectrum bands UE supported.
As RAN2 has previously agreed that retransmission timer is always configured for NR-U, meaning RAN2 accepts retransmission with configured grant is mandatory for NR-U. We are also fine with a per UE capability introduced for retransmission with configured grant. We see no need for finer granularity of the capability. 

	Nokia
	Not needed
	CG operation should be per UE and don’t even need a capability for retx since it was agreed it has to be always configured…

	ZTE
	
	We agree with Nokia. 

	Intel
	Per band or leave it to RAN1
	This is included in RAN1 feature list. Wait for RAN1 to conclude on the feature list.
The reason that it is categorized as “per band” is that this feature is only required for unlicensed band operation. If it is considered as “per UE”, then it may mean that regular UE (e.g., licensed UE) can have this feature as well.

	Ericsson
	1) Per UE
	The MAC layer does not need to know the band.
Please see also comments for G1.
Previous discussions did not consider controlled environments, where the retransmission timer may not be necessary. Therefore, it would be reasonable to reconsider whether the retransmission timer should really be mandatory for NR-U.
It would be beneficial to leave it to the gNB to configure the retransmission timer and thus control retransmissions, and allow for a configuration without retransmission timer.
-> legacy HARQ process handling can be used in controlled environments even for shared spectrum channel access.

	OPPO
	Per UE or leave it to RAN1
	

	Apple
	2) Per Band
	We are also fine to leave it to RAN1.

	Qualcomm
	Per band or leave to RAN1
	

	Huawei
	Prefer to leave this to RAN1
	This is related to the lifecycle of the HARQ process, which is the scope of discussion for RAN1. 



Summary: 4 companies support per-band, 3 companies support per-UE, 4 companies support to leave it to RAN1, and 2 companies think no capability signalling is needed. It should be noted that RAN2 agreement to always configure retransmission timer for NR-U does not conflict with a capability signalling. For example, this can be part of the NR-U essential/mandatory elements in RAN1 10-1 and 10-2 which is expected to be per-band. Since there is no majority and some misunderstanding, it is better to wait for RAN1 conclusion.
[bookmark: _Hlk37193353]Proposal 6: RAN2 should not further discuss the granularity of configured grant autonomous transmission support until RAN1 discussion concludes.


RAN2 also agreed that the multiple configured grants are also supported for NR-U. In this case, HARQ process sharing between different CGs are allowed. Since HARQ process ID selection is up to the UE implementation, the proper handling of these processes between different CGs will also be up to the UE.
It will be good to confirm whether this warrants a UE capability.
Question C1C2: Should there be a UE capability for HARQ process sharing between multiple configured grants with retransmission timer configured?	Comment by Abhishek Roy: Added “be” for editing the sentence

	Company
	Response
	Comments

	MediaTek
	Yes
	First of all, we also see a need for a separate UE capability to support “multiple configured grants”.

	vivo
	No
	HARQ process sharing between multiple configured grants can improve the efficiency of HARQ process utilization. We prefer it to be mandatory supported.  

	Nokia
	No
	

	ZTE
	No
	

	Intel
	No
	

	Ericsson
	No
	

	OPPO
	No
	

	Apple
	Yes
	

	Huawei
	No
	



Summary: 7 companies do not see a need for a separate capability for HARQ process sharing while 2 companies do support this. MTK states that there should be a capability for multiple configured grants; however this is already being discussed in the relevant WI. 
[bookmark: _Hlk37193367]Proposal 7: As a baseline, no separate capability is needed for sharing of HARQ processes among multiple configured grants with retransmission timer.


2.4 Extended RAR window
The RAR monitoring window has been extended to 40ms for NR-U and the UE will need to check the SFN LSBs in the RAR PDCCH to determine if the response was for its own preamble. The same mechanism is also used for 2-step RACH including NR licensed.
Note that the network does not need to use longer than 10ms RAR window. However, since RACH can happen from Idle mode where the NW is not aware of the UE capabilities, the NW will need to make this decision independent of UE capabilities. Therefore, it seems logical that all the NR-U UEs should support monitoring SFN LSB in the DCI. 
A related question is whether the NW should always include SFN.
The same question is also applicable to 2-step RACH for both NR licensed and NR-U and same conclusion can be reached.
Question D1: Do you agree that an NR-U UE (i.e. supporting 10-1 or 10-2 in RAN list) shall support monitoring the last 2 bits of SFN LSBs in DCI scheduling msg2 or, if it supports 2-step RACH, msgB?

	Company
	Response
	Comments

	MediaTek
	Yes
	

	vivo
	Yes
	For initial access from idle, the NW has no idea of the UE capability when msg2 is sent.

	Nokia
	Yes
	Agree with rapporteur, since this needs to be able to be supported for IDLE/INACTIVE mode UEs.

	ZTE
	Yes
	

	Intel
	Yes
	

	Ericsson
	No
	Agree with OPPO that it is not critical if NR-U capable UEs do not support the extended RAR window. Collisions do not happen  frequently, and if there was a collision, a UE can retry to access the channel again. 
It is true that the gNB does not know the UE’s capability when the RA procedure is initiated by the IDLE/INACTIVE UE. However, an optional capability bit can be used to collect statistics and the gNB may decide based on the penetration and use case whether to configure the extended RAR window or not. If considered useful, this can be implemented in the initial phase. Oherwise, UEs may also be upgraded with this capability if enhancements are considered needed.
If the UE supports 2-step RACH, msgB, then the gNB may assume that the UE also supports the extended RAR window.

	OPPO
	No
	There should be no critical issue for NR-U capable UEs not supporting this. 

	Apple
	Yes
	

	Qualcomm
	Yes
	

	Huawei
	No, but this should be mandatory. 
	We agree with the motivation from the E// that the network needs to know about whether the UE supports this. However, we think this should be mandatory for all the NRU capable UE. 




Summary: Out of 9 companies, 7 agree that all NR-U UEs should be able to monitor this. 2 companies think that it would not be “critical” if some UEs do not support this. 1 company supports to make it mandatory but states that there should be a way for the NW to know this. As a decision is needed, the majority opinion can be taken as a baseline.
[bookmark: _Hlk37193377]Proposal 8: As baseline, it is mandatory to support monitoring the last two bits of SFN for RACH operation in shared spectrum.



Question D2: Should the gNB always signal the last 2 bits of SFN LSBs in DCI scheduling msg2 or msgB when the corresponding msg1 and msgA are transmitted by the UE on shared spectrum?

	Company
	Response
	Comments

	MediaTek
	Yes
	

	vivo
	Yes, for the case where msg2 is sent on shared spectrum
No for the LAA case
	For the case that msg2 is sent on shared spectrum, UE needs to check the last 2 bits of SFN LSBs in DCI.
For the LAA case where PCell is working on licensed spectrum with SCell on shared spectrum, the gNB will not signal the last 2 bits of SFN LSBs in DCI scheduling msg2 when it responds to the msg1 sent on SCell.  

	Nokia
	Yes
	

	ZTE
	Yes
	In case of PCell in licensed spectrum, the LSB bits will still be included in msgB DCI for 2-step RACH (but not for 4-step RACH).

	Intel
	
	This is not really a UE capability issue. It depends on whether network will signal the SFN bit if max RAR window is configured to be less than 10ms and we have sent RAN1 a LS regarding this.

	Ericsson
	No
	This should be dependent on whether ra-ResponseWindow-r16 is configured or ra-ResponseWindow (without suffix). If ra-ResponseWindow-r16 is configured, the gNB always signals the last 2 bits of SFN LSBs in DCI scheduling. Otherwise, the legacy parameter (without suffix) will be used, corresponding to legacy DCI content.

	OPPO
	Agree with Intel
	

	Apple
	Yes
	In current spec TS 38.212, the 2-bits SFN field is always present for NR unlicensed CC. The reason is the RAR window extension is unknown for RRC_IDLE UE. To avoid any misalignment to comprehend the fields of DCI 1_0, it is necessary to always include the SFN information for unlicensed band. 

	Qualcomm
	Yes
	

	Huawei
	Agree with Intel and E//
	THis is not a UE capability issue. ANd there is no need to send these two bits when the length of the window is less than 10ms



Summary: 5 companies think the last 2 bits of SFN should always be signalled when msg2 or msg4 is sent on shared spectrum. 4 companies think this will depend on whether extended window is configured. Since all companies agree that this should be signalled when the RAR window is greater than 10ms, the remaining case can be discussed further. Further checking RAN1 specs would also be useful to avoid any conflicts. Note that 2-step RACH WI can make the decision for same signalling on the licensed operation.
[bookmark: _Hlk37193387]Proposal 9: When msg2/msB is transmitted on shared spectrum, the gNB signals the last 2 bits of SFN when ra-ResponseWindow-r16 is configured with value greater than 10ms; other cases are FFS.

3. Applicability to NR-licensed
Some of the features developed for NR-U can potentially be used for NR licensed. These are discussed in this section. Note that RAN2#109e agreed on the following:

1. As a baseline, NR-U features are applied to unlicensed operation. Whether the NR-U specific features can be applied to licensed operation has to be discussed on a case-by-case basis (likely in the main session).   

3.1 Multiple paging occasions
Monitoring for multiple paging occasions was introduced for NR-U considering that the gNB may experience LBT failures and therefore allowing multiple occasions for paging can alleviate this problem.
The use case for extending to NR licensed seems to to increase the paging capacity. The capacity increase can also be achieved by the parameters “ns” which directly configures “the number of paging occasions per paging frame” and N which configures “number of total paging frames in T” so the co-existence of these and the new parameter should also be discussed.

Question E1: Should multiple paging occasions per PO configured by nrofPDCCH-MonitoringOccasionPerSSB-InPO be used for NR licensed?

	Company
	Response
	Comments

	MediaTek
	No
	We prefer to keep the NR-licensed standards un-changed. 

	vivo
	No
	According to current specification, UE should stop paging monitoring in the current PO if a PDCCH address to P-RNTI is received. Hence, we think the paging capacity is not increased even if we introduce nrofPDCCH-MonitoringOccasionPerSSB-InPO in licensed spectrum. 
To increase the paging capacity, other enhancement is needed, e.g. disable the early termination of paging monitoring. 
We prefer to leave it to future release when paging capacity enhancement is justified.

	Nokia
	No strong view 
	It is OK to support or not support.

	ZTE
	No
	

	Intel
	No
	We do not see the need to provide the additional PDCCH monitoring occasion for licensed operation.

	Ericsson
	
	In principle, we think that there is no need to have a restriction to unlicensed.
For the extended PO, we can limit the applicability to unlicensed.

	OPO
	No
	

	Apple
	No
	We don’t see the need to have this in NR licensed as NW side can always access the channel for paging.

	Qualcomm
	No
	

	Huawei
	No
	



Summary: 7 companies think multiple paging occasions should only be used for shared spectrum. 1 company has no strong view while 1 company seems to be fine with the majority view.
[bookmark: _Hlk37193417]Proposal 10: Multiple PDCCH monitoring occasions for PO is only used for NR operation with shared spectrum channel access.


Question E2: If the answer to E1 is “yes”, should there be any restrictions on the usage of legacy parameters, e.g. ns is always 1?

	Company
	Response
	Comments

	Nokia
	If supported – No
	Any combinations that do not make sense won’t be configured by NW



Summary: 
Proposal:

3.2 Cell reselection
White list of cells was introduced for NR-U in order to reduce the PCI confusion experienced by the UE on a frequency. Such problem can also occur in NR licensed, albeit not likely as severe as shared spectrum where multiple operators can have uncoordinated deployments. It is also noted that whiteCellList is used in E-UTRAN for RRM purposes (not for Idle/Inactive mobility as for NR-U) and provided in measurement object; in addition, there is a UE capability for its support. 	Comment by Ericsson2: It can be noted that this is for LTE, where this feature was added in Rel-13. 
For NR, there is no such capability. So whitelists are supported already for legacy UEs in connected mode.

Question F1: Can whilelisting of neighbour cells for Idle/Inactive mobility be introduced for NR licensed?

	Company
	Response
	Comments

	MediaTek
	No
	We prefer not to change NR licensed behaviour. The existing blacklist mechanism is sufficient for NR licensed.

	vivo
	Yes
	UE can speed up the cell reselection procedure with the help of white cell list, especially for cells working on FR2.

	Nokia
	Yes
	

	ZTE
	No
	This will need some considerations for the inter-PLMN aspects before we extend this. For now, we don’t think we need to do this. 

	Intel
	No
	We do not see the motivation for NR licensed since the purpose of the whitelist is to reduce the possibility of the UE reselecting a cell that does not belong to its registered or selected PLMN. This does not occur for licensed operation (except for the CAG case which is being discussed currently).

	Ericsson
	Yes
	This can be used to steer UE’s to selected cells if needed and reduce UE power consumption.

	OPPO
	No
	We prefer not to change licensed behaviour.

	Apple
	Yes
	This helps UE to perform more efficient cell re-selection.

	Huawei
	No
	We don’t see why the current mechanism in licensed cannot work without this. There are tons of features in licensed can avoid the PCI collision. 



Summary: 4 companies support to use white lists for licensed while 5 companies are against. Since RAN2#109e has agreed that “As a baseline, NR-U features are applied to unlicensed operation” and there is no majority view to extend this to NR licensed, the status quo can be agreed as a baseline.
[bookmark: _Hlk37193428]Proposal 11: As a baseline, white lists for neighbour cells broadcast in SIB are only applicable to NR operation with shared spectrum channel access.

3.3 New Configured Grant

As discussed above, configured grants for NR-U always use retransmission. Whether they can be adopted for NR licensed should be resolved. If RAN2 agrees to allow this, the mixing of legacy and new configured grants should also be discussed.
Question G1: Can configured grants with retransmission timer be used for NR licensed?

	Company
	Response
	Comments

	MediaTek
	No strong opinion
	We see some benefits regarding improvement in data reliability.

	vivo
	No
	On licenced spectrum, NW retransmission can rely on NW dynamic scheduling, on licensed spectrum the motivation to introduce retransmission on CG is not required as on shared spectrum

	Nokia
	No
	The HARQ operation for NR licensed is totally different. Can be further discussed in future release.

	ZTE
	No
	

	Intel
	No
	We do not see the need to apply CG with CGRT for licensed operation since the only case where an auto-retransmission can happen is for the case of intra-UE prioritisation of deprioritised transmissions and fast retransmission is not seen to be crucial

	Ericsson
	Yes
	Prefer not to restrict network flexibility.
The retransmission timer can be used to increase transmission reliability. The HARQ process handing is defined by the presence of the retransmission timer.

	OPPO
	No
	

	Apple
	No
	The principle design of uplink CG is used to reduce uplink transmission latency in licensed band. To enhance the realiability, the CG repetition mechanism has been already designe. In addition, normally the MCS provided in CG is very conservative. If the network side is well configured, dynamical retransmission (via DCI) should be very rare. 

	Huawei
	No
	We shouldn’t support this extenssion. 
For NR Licensed, there is no CG-UCI to indicate the HARQ process info and HARQ ID for an initial Tx and its repeprtions is determined based on time domain resources. There is no procedure for the UE to determine the HARQ ID for a retransmission on CG resource if a cg-retransmission-timer elapses.   



Summary: 6 companies are against configuring retransmission timer in licensed operation. 1 company supports this while 1 company does not have a preference. Since RAN1 is also expected to discuss this, the majority view can be taken as a baseline from RAN2 perspective.
Proposal 12: From RAN2 point of view, retransmission timer for configured grant is used for only NR operation with shared spectrum channel access.

Question G2: If the response to G1 is affirmative, can the same UE be configured with and without retransmission timers on different configured grants?

	Company
	Response
	Comments

	MediaTek
	Yes
	Configuration of retransmission timer can be dependent on configuration grants periodicity.

	Ericsson
	No
	If configured in the same cell, such an interaction would complicate the HARQ process handling.



Summary: 
Proposal: 


4. [bookmark: _GoBack]Conclusion
Based on the discussion and feedback from companies, the following are proposed for the UE capabilities for NR-U:
Proposal 1: An indication from PHY to MAC on LBT failure or success should be supported by all NR-U UEs. How this can be grouped with other essential PHY layer NR-U capabilities can be discussed after RAN1 progress on those.
Proposal 2: As a baseline, the capability for LBT indication is per UE.
Proposal 3: As a baseline, the capability for LBT detection and recovery capability applies to all cells (SpCell and SCells).
Proposal 4: If a separate capability for SCell LBT detection and recovery is introduced, this will apply to all configured SCells.
Proposal 5: RAN2 should not further discuss the granularity of RSSI/CO measurements until RAN1 discussion concludes.
Proposal 6: RAN2 should not further discuss the granularity of configured grant autonomous transmission support until RAN1 discussion concludes.
Proposal 7: As a baseline, no separate capability is needed for sharing of HARQ processes among multiple configured grants with retransmission timer.
Proposal 8: As baseline, it is mandatory to support monitoring the last two bits of SFN for RACH operation in shared spectrum.
Proposal 9: When msg2/msB is transmitted on shared spectrum, the gNB signals the last 2 bits of SFN when ra-ResponseWindow-r16 is configured with value greater than 10ms; other cases are FFS.
Proposal 10: Multiple PDCCH monitoring occasions for PO is only used for NR operation with shared spectrum channel access.
Proposal 11: As a baseline, white lists for neighbour cells broadcast in SIB are only applicable to NR operation with shared spectrum channel access.
Proposal 12: From RAN2 point of view, retransmission timer for configured grant is used for only NR operation with shared spectrum channel access.
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Annex 1 (NR-U UE Feature list in the ongoing RAN1 email discussion)


	res
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	10. NR-unlicensed

	10-1
	UE channel access procedures for UL transmission for dynamic channel access mode 
	
1. Type 1 channel access
2. Type 2A channel access
3. Type 2B channel access
4. Type 2C channel access
5. 20MHz LBT bandwidth
6. Contention window adjustment
	
	
	N/A
	
	Per band
	N/A
	N/A
	
	This can be a basic feature group for operating in unlicensed band with both DL and UL transmission support under dynamic channel access


	Optional with capability signalling

	
	10-1a
	UE DL only operation in unlicensed operation with dynamic channel access mode
	
	
	
	N/A
	
	Per band
	N/A
	N/A
	
	This can be a basic feature group for operating in unlicensed band with DL only operation
	Optional with capability signalling

	
	10-2
	UE channel access procedures for UL transmission for semi-static channel access mode 

	1. Type 2C channel access
2. Single sensing slot of 9us channel access
3. 20MHz LBT bandwidth


	
	
	N/A
	
	Per band
	N/A
	N/A
	
	This can be a basic feature group for operating in unlicensed band.

Support of channel access mechanism for FBE operation, including fixed frame period, Cat 2 LBT, Cat 1 LBT
	Optional with capability signalling

	
	10-3
	PRB interlace mapping for PUCCH and PUSCH
	1) PRB interlace mapping for PUCCH (EPF0, EPF1, EPF2, EPF3)
2) PRB interlace frequency domain resource allocation for PUSCH
	10-1 or 10-2
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	This can be a basic feature group for operating in unlicensed band.

Support of PRB interlace PUCCH and PUSCH
	Optional with capability signalling

	
	10-7
	LBT bandwidth size of 10MHz
	
	10-1 or 10-2
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	
	Optional with capability signalling

	
	10-8
	Type B PDSCH length
	Length 3, 5, 6, 8,  11, 12, 13
FFS the capability are separate for each length or some groups are formed to signal the capability together
	
	Yes
	N/A
	
	FFS: Per UE or per band
	N/A
	N/A
	
	Support of additional length (other than 2/4/7) for type B PDSCH
	Optional with capability signalling

	
	10-9
	Search space set group switching
	Two groups of search space sets 
	10-1 or 10-2
	Yes
	N/A
	
	FFS: Per UE or per band
	N/A
	N/A
	
	Being configured with two groups of search spaces, and switch between them. Some search space sets can be configured in both groups.
	Optional with capability signalling

	
	10-10
	RSSI measurement
	RSSI measurement
	10-1 or 10-2
	Yes
	N/A
	
	per band
	N/A
	N/A
	
	RSSI measurement for channel occupancy.
	Optional with capability signalling

	
	10-11
	SRS starting position at any OFDM symbol in a slot
	
	10-1 or 10-2
	Yes
	N/A
	
	Per band or per UE
	N/A
	N/A
	
	Support transmitting SRS starting in all symbols (0,…,13) of a slot
	Optional with capability signalling

	
	10-12
	OCC for PRB interlace mapping for PF2 and PF3 
FFS if need this capability
	1. No OCC
2. OCC2
3. OCC4
	10-3
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	UE OCC capability for EPF2/EFP3
	Optional with capability signalling

	
	10-13
	CP extension for the first symbol of PUSCH/PUCCH
FFS if need this capability
	
	10-1
Do we need this for 10-2?
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	Support CP extension of at most one OFDM symbol duration preceding the first symbol of a scheduled PUSCH/PUCCH transmission subject to UE processing time defined in Rel-15
	Optional with capability signalling

	
	10-13a
	Extended CP range for CG-PUSCH
FFS if need this capability
	
	10-1
Do we need this for 10-2?
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	How long a UE can generate the CP extension beyond 1 symbol for CG-PUSCH
	Optional with capability signalling

	
	10-14
	Non-numerical PDSCH to HARQ-ACK timing
	Non-numerical value for dl-DataToUL-ACK
	10-1 or 10-2
	Yes
	N/A
	
	Per band or per UE
	N/A
	N/A
	
	If non-numerical K1 value is supported
	Optional with capability signalling

	
	10-15
	Enhanced dynamic HARQ codebook
	Support of bit fields signalling PDSCH HARQ group index and NFI in DCI 1_1
	10-1 or 10-2
	Yes
	N/A
	
	Per band or per UE
	N/A
	N/A
	
	Enhanced dynamic HARQ codebook supporting grouping of HARQ ACK and triggering the retransmission of HARQ ACK in each groups
	Optional with capability signalling

	
	10-16
	One-shot HARQ ACK feedback
	HARQ-ACK codebook containing all configured HARQ processes for all configured CCs
	10-1 or 10-2
	Yes
	N/A
	
	Per band or per UE
	N/A
	N/A
	
	Upon triggering, UE reports A/N for all HARQ processes and all CCs in a PUCCH group. 
	Optional with capability signalling

	
	10-16a
	One-shot HARQ ACK feedback trigger with empty DCI 1_1
	Support of one-shot HARQ ACK feedback with a DCI 1_1 without scheduling a PDSCH using a reserved FDRA value
	10-1 or 10-2
	Yes
	N/a
	
	Per band or per UE
	N/A
	N/A
	
	
	Optional with capability signalling

	
	10-17
	Multi-PUSCH UL grant
	Support of scheduling more than one PUSCH with a single DCI 0_1 
	10-1 or 10-2 FFS if applicable to licensed?
	Yes
	N/A
	
	Per band or per UE
	N/A
	N/A
	
	
	Optional with capability signalling

	
	10-18a
	Configured grant with retransmission in CG resources with LBE
	Configured grant with retransmission in CG resources with LBE
UE transmits multiple PUSCHs in a configured grant period according to the RRC configuration for both type 1 and type 2 configured grant
	10-1
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	Support configured grant with retransmission in configured grant resource
	Optional with capability signalling

	
	10-18b
	Configured grant with retransmission in CG resources with FBE
FFS if 10-18a and 10-18b should be merged
	Configured grant with retransmission in CG resources with FBE
UE transmits multiple PUSCHs in a configured grant period according to the RRC configuration for both type 1 and type 2 configured grant
	10-2
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	Support configured grant with retransmission in configured grant resource
	Optional with capability signalling

	
	10-19
	Number of LBT bandwidth
FFS if this is needed
	Number of ED measurements the UE is able to perform simultaneously
[Whether the UE in WB operating mode can support nx20MHz measurement
	10-1 or 10-2
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	This is the number of LBT bandwidth a UE can perform separate ED check on simultaneously
	Optional with capability signalling

	
	10-20
	Support search space set association with multiple frequency  domain locations
	1. Support coreset configuration with rb-Offset and replicability of coreset configuration where the coreset is confined within one LBT bandwidth
2. Support search space set configuration with freqMonitorLocations-r16
	10-1 or 10-2
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	This is also the capability to support coreset configuration with rb-Offset
	Optional with capability signalling

	
	10-21
	Support using ED threshold for UL to DL COT sharing
	1. Use ULtoDL-CO-SharingED-Threshold-r16 for cat 4 LBT for scheduled UL to share COT with gNB for DL
2. Use ULtoDL-CO-SharingED-Threshold-r16 for cat 4 LBT for CG-PUSCH to share COT with gNB for DL
3. Indicate in CG-UCI the COT sharing information

	10-1
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	
	Optional with capability signalling

	
	10-22
	No gap 2-step RACH msgA transmission
	Support transmitting PRACH and PUSCH of msgA without gap in between
FFS if RAN1 can disallow this in NR-U.
	10-1 or 10-2 and 9-1
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	For licensed case, a minimum gap between PRACH and PUSCH of msgA is introduced, but is not applicable to NR-U
	Optional with capability signalling

	
	10-23
	CGI reading based on off-sync raster SSB for ANR functionality
	
	10-1 or 10-2
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	Support reading RMSI from SCell from an off-sync raster SSB for ANR
	Optional with capability signalling

	
	10-24
	CG-UCI multiplexing with HARQ ACK
	Support multiplexing CG-UCI with HARQ ACK
	10-1 or 10-2
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	
	Optional with capability signalling

	
	10-25
	Cat 4 LBT based configured UL transmission out of COT
	Controlled by gNB and support Cat 4 LBT based configured UL transmission out of COT when COT-SI is configured
	10-1 or 10-2
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	
	Optional with capability signalling

	
	10-26
	CSI-RS based RLM outside of DRS windows
	Support RLM measurements using CSI-RS resources that are outside of DRS transmission windows
	10-1 or 10-2
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	
	Optional with capability signalling

	
	10-27
	Wideband PRACH

	Enhanced PRACH design for NR-U by adopting a single long ZC sequence, with ZC sequence = 1151 for 15kHz and ZC sequence = 571 for 30kHz
	10-1 or 10-2
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	
	Optional with capability signalling

	
	10-28
	Configured grant with Rel-16 enhanced
	Support configuration of resources with cg-nrofSlots-r16 and cg-nrofPUSCH-InSlot-r16,
	10-18a or 10-18b
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	
	Optional with capability signalling

	
	10-29
	Read availableRB-Sets-r16 in DCI 2_0
	Support monitoring DCI 2_0 to read availableRB-Sets-r16
	10-1 or 10-2
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	
	Optional with capability signalling

	
	10-30
	Read COT duration in DCI 2_0
	Support monitoring DCI 2_0 to read COT duration
	10-1 or 10-2
	Yes
	N/A
	
	Per band
	N/A
	N/A
	
	
	Optional with capability signalling



