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[bookmark: _GoBack]This contribution discusses the remaining issues for Rel-16 NR UE feature lists based on the latest version [1].
Discussions and Proposals
NR_L1enh_URLLC & NR_IIOT
In this section, we present our views on some of the remaining aspects of Rel-16 UE features for eURLLC/IIoT. 
At the end of the post-RAN1 #102-E email discussion, the following are some of the unresolved issues:
· Working assumption on UE capability for enhanced PDCCH monitoring with ‘same span pattern’ constraints
· UE feature group for CBG-based reTx with OOO CBGs and canceled PUSCHs (following RAN #89E decision)
The above are discussed next.
0. Working assumption on UE capability for enhanced PDCCH monitoring with ‘same span pattern’ constraints
During RAN1 #102E meeting, RAN1 made the following working assumption:
Working assumption:
· Add a new FG11-2d “Rel-16 PDCCH monitoring capability with restriction that the same span pattern repeats in every slot for a given CC”.
	11. 
NR_L1enh_URLLC
	11-2d
	Rel-16 PDCCH monitoring capability with restriction that the same span pattern repeats in every slot for a given CC
	1. Supported combination(s) of (X, Y, ). For each reported combination, the UE supports the limit C on the maximum number of non-overlapped CCEs for channel estimation per PDCCH monitoring span and the limit M on the maximum number of monitored PDCCH candidates per PDCCH monitoring span 
2. Maximum number of DL and UL unicast DCI formats in a span
For the set of monitoring occasions which are within the same span:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
· Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
· Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
3. For a given CC, support only that same span pattern [TBD definition of span pattern] repeats in every slot

	
	Yes
	N/A
	
	Per FS for component 1

Note: Indicating support of this capability in a band in a BC implies that only rel-16 monitoring can be configured in a CA configuration for the BC if the CA configuration includes the band and if rel-16 monitoring is configured for the band
	N/A
	N/A
	N/A
	This capability is signaled for SCS 15 kHz and 30 kHz. 

For =0 and 1, candidate value set for (X, Y, ): {(7, 3, ),  (4, 3, ),  (2, 2, )}

For component 1, a list of separate UE capabilities (X, Y, )for processing capability #1;

For component 1, a list of separate UE capabilities (X, Y, )for processing capability #2;
	Optional with capability signalling









First, we think that the WA can be confirmed. Further, the phrase “span pattern” can be defined by the (X,Y) combination that is applicable for the PDCCH MOs in the slot. 
Proposal 1: 
· Confirm the WA with updating the FG index to FG #11-2f
· To define a span pattern, add the following as to the Note column:
· In a given slot, a “span pattern” is defined by the applicable (X,Y) combination based on the configured PDCCH monitoring occasions in the slot.
0. Details for UE feature group for CBG-based reTx with OOO CBGs and canceled PUSCHs (following RAN #89E decision)

Following the decision in RAN #89E meeting, the proposed FG as discussed during RAN #89E, that is based on Option 1a (discussed as part of eURLLC maintenance during RAN1 #102E) can be adopted. This would be the simplest, and least “intrusive” option to follow considering the late stage beyond regular maintenance phase for Rel-16. 
Further, it is understood that the introduction of FG 11-12 does change the expectation for a Rel-16 UE indicating support of FG 5-25. 
	11. 
NR_L1enh_URLLC
	11-12
	Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission
	Support CBG-based re-transmission(s) of a TB in case the initial PUSCH transmission was cancelled and the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #N-1 has not been transmitted before and it is not scheduled in the same UL grant that includes CBG#N.
	5-25
	Yes
	N/A
	 
	Per UE
	N/A
	N/A
	 
	A UE supporting 5-25 shall support CBG-based retransmission(s) with cancelled initial PUSCH transmission if the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB only if CBG #N-1 has been transmitted before or it is scheduled in the same UL grant that includes CBG#N.
	Optional with capability signaling 



Proposal 2: 
· Add the following FG #11-2 to the Rel-16 UE features list
	11. 
NR_L1enh_URLLC
	11-12
	Out-of-order CBG-based re-transmission(s) with cancelled initial PUSCH transmission
	Support CBG-based re-transmission(s) of a TB in case the initial PUSCH transmission was cancelled and the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB when CBG #N-1 has not been transmitted before and it is not scheduled in the same UL grant that includes CBG#N.
	5-25
	Yes
	N/A
	 
	Per UE
	N/A
	N/A
	 
	A UE supporting 5-25 shall support CBG-based retransmission(s) with cancelled initial PUSCH transmission if the following condition is satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB only if CBG #N-1 has been transmitted before or it is scheduled in the same UL grant that includes CBG#N.
	Optional with capability signaling 




5G_V2X_NRSL
The following question was raised in LS from RAN2 on NR V2X feature list for UE [2]:
	In the received latest version of RAN1 feature list, there are NOTEs as follows:
Note: configuration by NR Uu is not required to be supported in a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1
In RAN2’s understanding, network can configure sidelink parameters even for “a band indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1” (e.g., n47) from another band with Uu deployed in a cross-carrier manner, in “operator managed” geographical area(s) (as defined in TS 23.285 for LTE-V2X, and in TS 23.287 for NR-V2X).
RAN2 respectfully asks RAN1 to provide feedback on the above NOTE: whether it implies from UE perspective that the cross-carrier configuration by NR Uu for a band “indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1” (e.g., n47) is not required to be supported by a UE in NR sidelink”?



Based on our understanding, the main motivation behind the note is to support NR V2X UEs that can operate PC5 air-interface for NR V2X communication in ITS bands, e.g. n47 without any dependency on Uu air-interface (e.g. PC5 only UEs/modems). Therefore, we confirm RAN2 understanding that from UE perspective the cross-carrier configuration by NR Uu for a band “indicated with only the PC5 interface in 38.101-1 Table 5.2E.1-1” (e.g., n47) is not required to be supported by a UE in NR sidelink”.
Proposal 3: 
· Reply to RAN WG2 and confirm RAN WG2 understanding on the note in the LS

MR-DC/CA enhancement
RAN2 send a LS to RAN1/4 [3] and ask RAN1 opinion on cell grouping UE capability signalling for synchronous NR-DC,

	To 3GPP RAN1 and RAN4
[bookmark: _Hlk53826962]ACTION: To review the views expressed in RAN2 on cell grouping UE capability signaling for synchronous NR-DC and provide their view on the need of cell grouping UE capability signaling, including the need of differentiation between MCG and SCG.



It is understood synchronous NR-DC is almost the same as NR CA from UE implementation perspective. There exist multiple UE features for PUCCH grouping with same or different numerology, which is sufficient to support a band combination with two bands. Then, a question is that how to support more than two bands in a band combination. A typical case is a band combination of ‘FR1+FR1+FR2’. The existing FG 6-8 is defined to allow different numerology across NR PUCCH groups. However, as discussed in section 2.4, FG 6-8 does not offer granularity for UE to indicate preferred UL band in a band combination for two PUCCH groups since it is signalled by ‘BC’. Assuming such new Rel-16 capability with FS is introduced, it can be applied to NR-DC to indirectly indicate cell grouping that is supported by UE. For example, if the UE does not have the capability of one CG with ‘FR1+FR2’ and the other CG with the second ‘FR1’, the UE may report ‘support, not support, support’ for the band combination for this new Rel-16 signalling. Since the second ‘FR1’ does not support PUCCH transmission, it cannot be configured as a separate CG. 

There is also concern regarding the support of inter-CG power sharing for a given band combination. In fact, a separate FG 18-1b is already defined for dynamic power sharing. It is straightforward that FG 18-1b can be used to control the behaviour on power sharing of synchronized NR-DC. Therefore, there is no need for duplicated capability indication. 
	18. MR-DC/CA enhancement
	18-1b
	Dynamic UL power sharing for DC
	Dynamic power sharing between MCG and SCG cells of same FR for NR dual connectivity.
1) T_offset
	18-1

	Yes
	N/A
	
	Per BC
	N/A
	N/A
	N/A
	1) {short, long}
	Optional with capability signalling



On the other hand, regarding the concern that UE may not support FR2 MCG, there is not clear demand to deploy such NR-DC operation in the market. If needed, a single capability bit to indicate whether FR2 MCG is supported would be sufficient. 

Proposal 4: 
For synchronized NR-DC operation, 
· There is no need to introduce dedicated capability signalling for cell grouping. 

FGs that are not dedicated to a specific Rel-16 work item/TEI
1) PUCCH groups with different numerologies
From RAN1 102e meeting:

	Working Assumption:
· For NR-CA with three or four different SCSs in a band combination, new Rel-16 FGs are introduced for following purposes 
· UE wants to indicate one PUCCH group comprising DLs with three/four different numerologies.
· UE wants to indicate preferred UL [either bands or SCSs] to send PUCCH.
· Note: This is a very specific case which hasn’t been supported in Rel-15 (the only use case is FR1+FR1+FR2 CA with DSS) although there is other way to implement.
· UE wants to indicate two PUCCH groups where at least one PUCCH group has two numerologies
· UE wants to indicate DL [either bands or SCSs] combination to be mapped to for each PUCCH group.
· UE wants to indicate preferred UL [either bands or SCSs] to send two PUCCHs with different numerologies.
· Note: Indication of two PUCCH bands with the same numerology can be supported by Rel-15 twoPUCCH-Group.
· Note: potential NBC issue due to above proposals should be avoided.

Post-meeting email discussion:
Conclusion:
· For NR-CA with three or more bands even with [one or] two different SCSs in a band combination, RAN1 see the potential benefits of new Rel-16 FG(s) to be introduced to enable (parts or all of) the following from Rel-16, and RAN1 will discuss whether/how to introduce the new FG(s) for Rel.16
· UE wants to indicate two PUCCH groups
· UE wants to indicate DL [either duplex mode, licensed/unlicensed, FR, bands or SCSs] combination to be mapped to for each PUCCH group.
· UE wants to indicate preferred UL [either duplex mode, licensed/unlicensed, FR, bands or SCSs] to send two PUCCHs.
· Note: (parts or all of) the above may be achieved by clarification on existing UE capabilities/RAN1 specifications 
· Note: potential NBC issue to Rel-15 due to above proposals should be avoided.




We discuss the following aspects.

1-1) Missing part in TS38.213 corresponding to 6-9a

6-9a	Different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of larger SCS

However, in Section 9 of TS38.213:



A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if . 

FG 6-9a was introduced at the last moment of Rel-15 late drop whereas the above description in Section 9 in TS38.213 had been there based on FG 6-9 (different numerologies across NR carriers within the same NR PUCCH group, with PUCCH on a carrier of smaller SCS). We think this was simply overlooked in Rel-15 and thus the above description in Section 9 of TS38.213 would unnecessarily prohibit UCI multiplexing in case of FG 6-9a. We propose to remove the above sentence in TS38.213 in Rel-16 and we do not see non-backward compatible issue.

Proposal 5: 
Remove the following sentence in Section 9 of TS38.213.



A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration  UCI of same type that the UE would transmit in PUCCHs in different slots with SCS configuration  if .

1-2)  Preferred UL to send PUCCH 

In case that the same numerology is used across two PUCCH groups, the current Rel-15 signalling structure of ‘twoPUCCH-Group’ already offers the flexibility for UE to indicate preferred UL band in a band combination for two PUCCH groups by ‘FS’. Thus, there is no need to further discuss the case of the same numerology across two PUCCH group.

	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	twoPUCCH-Group
Indicates whether two PUCCH group in CA with a same numerology across CCs for data and control channel [at a given time] is supported by the UE. For NR CA, two PUCCH group is supported with the same numerology across NR carriers for data and control channel at a given time. For EN-DC, two PUCCH group is supported with the same numerology across NR carriers for data and control channel at a given time, wherein an NR PUCCH group is configured in FR1 and another NR PUCCH group is configured in FR2.
	FS
	No
	No
	No



In case that different numerology is used across two PUCCH groups, the current Rel-15 signaling structure of ‘diffNumerologyAcrossPUCCH-Group’ does not offer granularity for UE to indicate preferred UL band in a band combination for two PUCCH groups since it is signalled by ‘BC’. In fact, RAN1 agreement was to take FG 6-7 (twoPUCCH-Group) as prerequisite for FG 6-8 (diffNumerologyAcrossPUCCH-Group), but RAN2 missed to capture it into TS38.306. If it were captured in TS38.306, UE is able to indicate preferred UL band in a band combination. 
We can introduce prerequisite in Rel-16 to address the concern but it might give restriction to align preferred UL between same and different numerology cases. Therefore, if this scenario needs to be supported, it would be better to introduce a new Rel-16 capability for different numerology case with ‘FS’ while avoiding non-backward compatible issue.


	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	diffNumerologyAcrossPUCCH-Group
Indicates whether different numerology across two NR PUCCH groups for data and control channel at a given time in NR CA and EN-DC is supported by the UE.
	BC
	No
	No
	No



Proposal 6: 
If UE wants to indicate preferred UL band in a band combination in case of different numerologies across two PUCCH groups, a new Rel-16 capability with ‘FS’ can be introduced while avoiding non-backward compatible issue.

2) CB PUSCH and antenna switching on FR1 – FG 2-58a
During email discussion after RAN1#102-e, additional FG 2-58a indicating minimum timing offset of 19 symbols between PDCCH and SRS with usage set to 'codebook' or 'antennaSwitching' was agreed. The motivation of the corresponding FG is to relax the existing timing requirement for SRS transmission (currently based on the N2 value) to a minimum of 19 symbols similar to timing requirements for SRS with non-codebook usage. The proposed UE capability is expected to be useful in conjunction with PDCCH capabilities in FG 3-2, 3-5, 3-5a, 3-5b allowing PDCCH transmission in any part of the slot effectively facilitating SRS transmission scenarios with smaller scheduling offsets comparing to FG 3-1 with PDCCH transmission in the beginning of the slot. To ensure backwards compatibility with Rel-15 NW (which are not capable of understanding introduced FG 2-58a), we propose replicating FG 3-2, 3-5, 3-5a, 3-5b for Rel-16 to allow indication of their support in Rel-16 (in conjunction with 2-58a) and no support for Rel-15 NW. Similarly, the PUSCH processing capability defined by FG 5-5c may be also considered for reporting in Rel-15. In summarizing discussion above the following modification to FG 2-58a is considered.
Proposal 7:
The following modification is proposed.

	2-58a
	For SRS for CB PUSCH and antenna switching on FR1 with symbol level offset for aperiodic SRS transmission  
	1. For SRS for CB PUSCH and antenna switching on FR1, UE requires minimum of 19 [TBD: other potential candidate values] symbols offset between aperiodic SRS triggering and transmission
2. Component according to FG 3-2 type1-3-CSS
3. Component according to FG 3-5 withoutDCI-Gap
3. Component according to FG 3-5a withDCI-Gap
4. Component according to FG 3-5b pdcch-MonitoringAnyOccasionsWithSpanGap
5. Component according to FG 5-5c pusch-ProcessingType2

	2-53
	Yes
	N/A
	
	Per FS (applicable to FR1 only)
	n/a
	n/a
	n/a
	
	Optional with capability signalling
Candidate values for component 2 {‘support, no support’} 
Candidate values for component 3 {‘support, no support’} 
Candidate values for component 4 are value set for (X, Y): {(7, 3), (4, 3) and (7, 3), (2, 2) and (4, 3) and (7, 3)}
Candidate values for component 5: X in {1, …, 16}, 




Introduction of FG 2-58a would also require modification to TS 38.214, in particular the following TP may be considered to support alternative time interval for SRS transmission depending on UE capability.

Proposal 8:
The following TP to TS38.214 is proposed.
	[bookmark: _Toc11352157][bookmark: _Toc20318047][bookmark: _Toc27299945][bookmark: _Toc29673219][bookmark: _Toc29673360][bookmark: _Toc29674353][bookmark: _Toc36645583][bookmark: _Toc45810632]6.2.1	UE sounding procedure
…
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource or SRS-PosResource-r16 is set to 'aperiodic':
-	the UE receives a configuration of SRS resource sets,
[bookmark: _Hlk515880410]-	the UE receives a downlink DCI, a group common DCI, or an uplink DCI based command where a codepoint of the DCI may trigger one or more SRS resource set(s). For SRS in a resource set with usage set to 'codebook' or 'antennaSwitching', the minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2 + Tswitch or N2 + Tswitch +14 depending on UE capability. Otherwise, the minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2 + Tswitch+14. The minimal time interval in units of OFDM symbols is counted based on the minimum subcarrier spacing between the PDCCH and the aperiodic SRS. 
-	Tswitch is defined in clause 6.4.



3) UL partial cancellation of configured PUCCH/PUSCH/PRACH 
During the RAN1 #102E meeting, the following was proposed:
	· A new FG for supporting partial cancellation of configured PUCCH/PUSCH/PRACH due to dynamic SFI, dynamically granted PDSCH and CSI-RS is introduced.


Based on Rel-15 specifications, partial cancelation of PUCCH/PUSCH/PRACH triggered by dynamic SFI or dynamically assigned PDSCH/CSI-RS is supported.
Partial cancelation does not involve any resumption of transmission following a partial cancelation; in case of a “partial cancelation” the trailing symbols of the PUSCH/PUCCH/PRACH from the first canceled symbol are dropped. Note that these aspects were discussed in Rel-15 and the decision was to not expect the UE to resume transmission after cancelling a certain number of symbols, but not that the cancellation has to start from the first symbol. In Rel-15, the latter constraint (“full cancelations only”) was only imposed for cases involving cancelation of PUSCH transmissions following prioritization at MAC (at the “UL grant-level”) for PUSCH transmissions.
The above proposal suggests introducing a FG and corresponding UE capability for Rel-16. However, it is not clear what is expected of Rel-15 UEs. It should be noted that this behavior is currently expected from all Rel-15 UEs (mandatorily) supporting TDD bands as the component of “7) Dynamic UL/DL determination based on L1 scheduling DCI with/without cell specific RRC configured UL/DL assignment” is part of FG #5-1 that is mandatory w/o capability signalling. 
Furthermore, it is suggested/implied that for UEs that do not indicate such capability may only be expected to cancel PUSCH/PUCCH/PRACH only if the corresponding trigger (the DCI format) is received such that the last symbol of the PDCCH is at least Tproc,2 before the first symbol of the UL channel. While technically, this is understandable, the conflict with mandatory Rel-15 requirements remain the fundamental challenge. 

Observation: 
· The proposed Rel-16 FG introduces “incapability” in context of Rel-15 mandatory requirements. 
Proposal 9:
· It is preferable not to introduce a new Rel-16 FG for partial cancelation of PUSCH/PUCCH/PRACH as it conflicts with mandatory requirements from Rel-15. 

In summary, we should either leave existing specifications unchanged following Rel-15, or, else, address the issue also for Rel-15 (preferably via a solution that is not NBC – but we don’t have a good proposal while keeping backward compatibility).
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