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1 Introduction
The latest RAN1 Rel-16 UE features list after RAN1#101-e meeting is provided in [1]. In this contribution, we provide our views for Rel-16 UE features based on the latest UE feature list.
2 Rel-16 URLLC/IIoT Features
FG 11-3 (sub-slot based HARQ-ACK feedback)
One open issue for FG 11-3 is whether to introduce component 3(“[Supported combinations of (A, B), where A is the minimum gap between sub-slots containing actual PUCCH transmissions measured from beginning to beginning of the sub-slots, including across slots, and B is the sub-slot duration, with both A and B in units of symbols]”). It defines certain minimum gap between PUCCHs which helps with the 2-symbol sub-slot implementation. We support introducing this component because it would allow UEs to implement the feature with reduced complexity, similar to the span pattern that has been introduced for PDCCH. From performance point of view, supporting 2-symbol sub-slot allows fast HARQ-ACK feedback for reduced latency at least with a single PDSCH. Introducing the gap degrades the HARQ-ACK latency only if there are two back-to-back 2-symbol PDSCH transmissions that requires HARQ-ACK feedback, but this does not seem to be a compelling use case. Therefore, introducing the 2-symbol gap should not have much impact in practical sense, but could provide relaxation for UE implementation. 
However, it should be clarified whether PUCCH transmissions here include the ones that include UCI other than HARQ-ACK. From UE complexity point of view, it makes sense to include all PUCCH transmissions in the definition given that all PUCCH transmissions are confined within sub-slots in this case.
Proposal 2-1: Include component 3 in FG 11-3 by modifying it to the following: “Supported combinations of (A, B), where A is the minimum gap between sub-slots containing actual PUCCH transmissions carrying any UCI measured from beginning to beginning of the sub-slots, including across slots, and B is the sub-slot duration, with both A and B in units of symbols”.
There is a note for FG 11-3 that: “A UE supporting 11-3 is also expected to support FGs 4-1, 4-3, 4-4, 4-5, and 4-19 with a “slot” being replaced by a sub-slot of length 2 or 7 symbols for NCP and (2 and 6 symbols for ECP) for the PUCCH formats that can be accommodated in the corresponding sub-slot durations”. These FGs 4-x defines the frequency of PUCCH as once per slot. When “slot” is replaced by “sub-slot”, the frequency of PUCCH becomes once per sub-slot. However, this is somewhat conflicting with the intention of Proposal 2-1 which may limit the maximum total number of PUCCHs per slot when sub-slot based HARQ-ACK feedback is enabled. Therefore, we think it is more appropriate to re-interpret these FGs 4-x as the UE capability “in a sub-slot”, but not necessarily in every sub-slot. The wording can be changed accordingly. This is also aligned with Proposal 2-4 below.
Proposal 2-2: Modify the note for FG 11-3 as follows: “A UE supporting 11-3 is also expected to support FGs 4-1, 4-3, 4-4, 4-5, and 4-19 with a “slot” being replaced by a sub-slot of length 2 or 7 symbols for NCP and (and 2 or and 6 symbols for ECP) for the PUCCH formats that can be accommodated in the corresponding sub-slot durations”, and “once per slot” being replaced by “at most once per sub-slot”.

FG 11-4/4a component 6
Component 6 for FG 11-4/4a is “[Supported maximum number of actual PUCCH transmissions for HARQ-ACK within a slot]”. We think it is important to allow the UE to report such a limit, otherwise a UE may need to support up to 14 PUCCHs in a slot, which could be unnecessarily demanding for the UE implementation. In addition, if a low-priority PUCCH is cancelled, it should be counted towards the limit because the UE may still need to process it before being cancelled.
In addition, the description current says PUCCH transmissions for HARQ-ACK. However, there still could be SR and CSI on PUCCH, and limiting the number of PUCCHs for HARQ-ACK only does not effectively reflect the UE complexity. For example, for the 2-symbol sub-slot case, the UE can report up to 3 PUCCHs per slot for HARQ-ACK, but according to the specifications, there could still be up to 7 SRs in a slot, plus CSI on PUCCH. So, the reporting is not very useful for the UE. Therefore, we propose to change it to include PUCCHs carrying any UCI.
Proposal 2-3: Component 6 is kept for FG 11-4/4a by replacing “actual PUCCH transmissions for HARQ-ACK” with “actual PUCCH transmissions for any UCI”. 
· Candidate values for the component 6 of FG11-4 is: For slot-based + sub-slot based, {2, 3, 4} for 7-symbol*2 sub-slot configuration, and {2, 3, 4, 5, 6, 7} for 2-symbol*7 sub-slot configuration.
· Candidate values for the component 6 of FG11-4a is: {2, 3, 4} for 7-symbol*2 sub-slot configuration, and {2, 3, 4, 5, 6, 7} if at least one of them has 2-symbol*7 sub-slot configuration.
· Add a note that “A low-priority PUCCH that is cancelled by a high-priority transmission is counted towards the limit”.


FGs 11-3c/d/e/f/g and FGs 11-4c/d/e/f/g/h/i
These are a set of FGs that are intended to address the limit of PUCCH transmissions with different formats associated with FG 11-3 and FGs 11-4/4a. These are necessary because otherwise the Rel-15 FGs would apply which put a limit of at most 2 PUCCHs per slot. We made the comment during the email discussion that “sub-slot” definition is not clear for the case with two sub-slot-based codebooks if the sub-slot configuration is different. But given the descriptions for these FGs define the limit as per sub-slot per codebook, there should not be any ambiguity. Therefore, no changes are necessary in this respect. However, “once per sub-slot” should be modified to avoid the misunderstanding that this means the UE needs to be able to handle the PUCCHs in every sub-slot.
Proposal 2-4: Confirm working assumption on FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i by modifying “once per sub-slot” to “at most once per sub-slot”.
· Type of FG11-3c/d/e/f/g and FG11-4c/d/e/f/g/h/i is “Per FS”
· Per FS is selected because the processing power the UE has to spend on preparing PUCCH has a relation with PDSCH processing power and that is related to number of carriers on which the UE has to process PDSCH.

New FG
For inter-UE UL cancellation, we introduced FG11-7b to handle the phase discontinuity issue for intra-band CA. In fact, a similar issue exists for intra-UE prioritization when a high priority channel cancels a low priority channel with a potential change of transmit power and duration. Therefore, we propose to add a new FG which has a pre-requisite of either 11-4 or 12-1.
Proposal 2-5: Introduce a new FG to handle phase discontinuity issue for intra-band CA in case of intra-UE prioritization:
	12. NR_IIOT
	12-1b
	Independent cancellation of the overlapping channels in an intra-band UL CA
	1. For a UE indicating the capability of pa-PhaseDiscontinuityImpacts, and if the PUCCH or PUSCH on at least one serving cell is cancelled due to the overlapping with a high priority PUCCH or PUSCH transmission, the UE may cancel the (repetition of the) PUSCHs transmission on all other intra-band serving cell(s). The cancellation of the (repetition of the) PUSCH transmission on the set of intra-band serving cell(s) includes all symbols from the earliest symbol that is overlapping with the first cancelled symbol of the PUSCH on the serving cell.
	6-23, one of {11-4, 12-1}
	Yes
	N/A
	
	Per band
	N/A
	N/A
	N/A
	If UE indicates 6-23 but does not support this FG, UE is not expected to be scheduled simultaneous PUCCH/PUSCHs on multiple carriers but receiving cancellation only for subset of carriers in intra-band carriers.
	Optional with capability signaling




3 Rel-16 eMIMO Features 
FG16-1a-1
· We suggest to change component 8 to " Supported SINR measurements: {SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated CSI-IM/NZP IMR configured, CMR (CSI-RS) + CSI-IM, CMR (CSI-RS) + NZP-IMR, CMR (SSB) + CSI-IM, CMR (SSB) + NZP-IMR, CSI-RS as CMR without dedicated IMR configured, [CSI-RS (2Tx) resources for CMR]}
· If 0 is included as candidate value for component 3, we are fine to remove “[CSI-RS (2Tx) resources for CMR]”, otherwise we need to have “CSI-RS (2Tx) resources for CMR”
· We should remove CMR + CSI-IM + NZP-IMR from 38.214 or UE should be able to indicate that UE does not support it
· We can add note: For UE supports FG16-1a-1, UE need s to support “CMR + CSI-IM”

FG16-1g
We suggest to handle the remaining issues for 16-1g as follows:

	16-1g
	Resources for beam management, [pathloss measurement, BFD, and BFR]
	1. The maximum number of[unique] SSB/CSI-RS/CSI-IM resources configured to measure within a slot across all CCs for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, RLM] and new beam identification
2. The maximum number of SSB/CSI-RS/CSI-IM resources configured across all CCs for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, RLM] and new beam identification
	2-24, 2-31
	Yes
 
	N/A
	 
	[Per band]
[Per BC]
[Per UE]
	No
	No
	 
	Component-1: candidate value set is {4, 8, 16, 32, 64, 128, FFS}
 
[Component-2: candidate value set is {4, 8, 16, 32, 40, 48, 64, 72, 80, 96, 128, 256, FFS}]
 
The UE supports a total number of resources equal to the maximum of the FR1 and FR2 value, but no more than the maximum FR1 value across all FR1 serving cells and no more than the maximum FR2 value across all FR2 serving cells
	Optional with capability signaling



Type for FG16-2a, FG16-2a-0, FG16-2a-1, FG16-2a-2, FG16-2a-3, FG16-2b-1, FG16-2b-2, FG16-2b-3, FG16-2b-3a, FG16-2b-4, FG16-2b-5
· We need “per FSPC” for, at least, the following FGs
· FG16-2a: “MDCI MTRP”
· FG16-2b-3: “SDCI MTRP FDMSchemeB”

FG16-2a
We think FG16-2a requires some change.  
· The CORESET can also be configured in “PDCCH-ConfigSIB1” and “PDCCH-ConfigCommon”
· Based on my understanding, CORESET#0 is not always configured or even needed for UE to support, for example in the SCell where NW does not plan to support initial acquisition. So, we should not mixed CORESET#0 with the other CORESETs
· We should follow what is used in Rel-15, for example, FG3-1, quoted below
· "One configured CORESET per BWP per cell in addition to CORESET0"
Furthermore, there are two remaining issues for FG16-2a
· Component 4
· We should add 3 as well, i.e. {1, 2, 3, 4, 7}. 4 was a mistake from Rel-15, we should try to correct it in Rel-16. This is regarding PDCCH monitoring capability 3-5b
· For (2, 2), up to 7 spans in a slot
· For (7, 3), up to 2 spans in a slot
· For (4, 3), up to 3 spans in a slot, not 4
· We propose to add a new component to address the PDCCH monitoring capability issue
· Component 5
· For PDCCH processing capability FG3-1
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per CORESETPoolIndex per slot per scheduled CC for FDD
· Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per CORESETPoolIndex per slot per scheduled CC for TDD
· Reason: FG3-1 is across all the CORESETs, and UE is only required to process one unicast DL DCI which will limit the Multi-DCI Multi-TRP operation. This extends the support to be per CORESETPoolIndex, and, it should be an optional component. We prefer to have a new FG or we can work out some solution with flexible candidate value
We have the following TP
	
16-2a
	Multi-DCI based multi-TRP
	1.     The maximum number of CORESETs configured per “PDCCH-Config” per BWP per cell in addition to CORESET0
2.     The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config” per BWP per cell in addition to CORESET0
3.     Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency 
4.     Maximum number of unicast PDSCHs per CORESETPoolIndex per slot
5.     [PDSCH processing capability for CC]
      5. For PDCCH processing capability FG3-1
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per CORESETPoolIndex per slot per scheduled CC for FDD
· Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per CORESETPoolIndex per slot per scheduled CC for TDD 
	FFS
	Yes
	N/A
	 
	 
	No
	No
	 
	Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP
Processing capability 2 is not supported in any CC if at least one CC is configured with two values of CORESETPoolIndex
FFS: component (5) only applies to UE processing capability #1
Component 1: Candidate values {[2,] 3,4,5}
Component 2: Candidate values {1,2,3}
Component 4: Candidate values {1,2,3,4,7}
Note: per SCS, similar with Rel-15
Component 5: Candidate values {per CORESETPoolIndex, across both CORESETPoolIndex}
	Optional with capability signalling




FG16-2a-1
· We should remove “fully”
FG16-2c
· We propose to remove PDCCH otherwise the specification has to be changed since we don’t have specification support of simultaneous PDCCH + PDCCH or PDCCH + PDSCH reception with different beams. Below is the proposal 
 We have the following TP
	16-2c
	Simultaneous reception with different Type-D
	Supports simultaneous reception with different QCL Type-D RSs [based on multiple spatial domain receiver filters]. This applies to [PDCCHs]/PDSCHs
	 
	Yes
	N/A
	 
	 
	N/A
	FR2 only
	 
	 
	Optional with capability signalling




FG16-3a/3b
· We should keep component 4 on "Number of beams L per CSI-RS ports”
· We agree that UE is mandated to support the first 6 parameters settings, i.e. L=2 and 4, for eTypeII codebook. The agreement does not mean we have to support L=2/4 for all the number of CSI-RS ports we can support. In other words, due to the constraint on the UE processing capability, UE may support L=2/4 for 16 CSI-RS ports, but only support L=2 for 32 CSI-RS ports. This provides flexibility to both the UE and also the NW (system). The other alternative, in this example, is that UE cannot indicate UE supports 32-port CSI-RS, which anyhow, NW can choose not to configure. We can add a note to confirm that UE has to support the first 6 parameters setting at least for some number of CSI-RS ports.
· The intension for component 4 is not to revert the agreement that UE is mandated to support L=2/4, it is to provide some trade-off between L and number of CSI-RS port in terms of eType II codebook support. We hope companies can understand.  This is allowed in Rel-15. 
· We are fine to remove “2” from component 1
We have the following TP
	
16-3a
	Regular eType-II
	Basic components:
1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II for R=1
2. Support of parameter combinations 1-6
3. Support of rank 1,2
4. [Number of beams L per CSI-RS ports] Parameter "Lx" (number of beams) in codebook generation, where x is index of Tx ports, corresponding to 4,8,12,16,24 and 32 ports.”. Candidate value {2, 4, 6} 
	2-35
	Yes
	N/A
	 
	Per band and per BC
	N/A
	N/A
	 
	Candidate values for component 1:
· Maximum 16 triplets
· Max # of Tx ports in one resource: {[2,] 4,8,12,16,24,32}
· Max # resources: {1 to 64}
· Max # total ports: {2 to 256}

Note: For UE supports FG16-3a, UE is mandated to report L=4 for at least one CSI-RS port configuration among {4, 8, 12, 16, 24, 32} ports
	Optional with capability signalling

	16-3b
	Port selection eType-II
	Basic components:
1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support port selection eType-II for R=1
2. 6 parameter combinations (combos with L=6 don’t apply)
3. Support of rank 1,2
4. [Number of beams L per CSI-RS ports] Parameter "Lx" (number of beams) in codebook generation, where x is index of Tx ports, corresponding to 4,8,12,16,24 and 32 ports.”. Candidate value {2, 4, 6} 
 
	2-35
	Yes
	N/A
	 
	Per band and per BC
	N/A
	N/A
	 
	Candidate values for component 1:
· Maximum 16 triplets
· Max # of Tx ports in one resource: {[2,] 4,8,12,16,24,32}
· Max # resources: {1 to 64}
· Max # total ports: {2 to 256}

Note: For UE supports FG16-3b, UE is mandated to report L=4 for at least one CSI-RS port configuration among {4, 8, 12, 16, 24, 32} ports
	Optional with capability signalling


 
FG16-5a, FG16-5b, FG16-5c, FG16-5c-2
· For component 1: we support to keep it. For us, the intention is to report the full power transmission capability when downgrade happens. In other words, 2Tx_4Tx means that, for a 4 port capable UE, UE supports mode 2 in both the case when NW configure 2 port PUSCH operation or 4 port PUSCH operation. This is similar understanding for FG16-5b
· For example, for a 4 port UE with {23, 17, 23, 17} PA, there is no need for UE to support mode 2 when UE is configured as 2 port UL operation, in fact, UE should be a mode 0 UE which is missing in the current capability design	
· For component 2: UE should be able to indicate that UE does not support different number of ports for SRS resources, i.e. UE does not plan to perform antenna virtualization and only signals the PMI that UE can support FP Tx based on the PA. This is the intention of “NULL”. There are two alternatives, and the second one need further check with RAN2
· Alt1: Include NULL 
· Alt2: Remove NULL. This means UE is not required to report component 2, in which case, it is interpreted as “NULL”, i.e. UE only supports the same number of ports for SRS resource in the SRS resource set configured with “codebook” usage. However, this may not be allowed by the RAN2, i.e. within a FG, UE is allowed to only indicate a subset of components and not reporting the other components. Last time I check with our RAN2 team, this is my understanding	
· For component 2: It is much preferable that we split this into two components, one for UE configured as 2 port and one for UE configured as 4 port
· The SRS configuration with different number of antenna ports for Mode 2 when UE is configured with 2 port operation: {NULL, 1_2}
· The SRS configuration with different number of antenna ports for Mode 2 when UE is configured with 4 port operation: {NULL, 1_4, 2_4, 1_2_4}
· In general, we should allow UE to report its capability when downgrade happens. My understanding is that, for Rel-15, when 4 port partial-coherer UE is configured as 2 port operation, it is unclear whether UE is capable of coherent or non-coherent 2 port operation. We should try to avoid similar issue to make it clear about the UE capability for downgrade operation. For example 
· For 4 port {23 17 23 17} PA UE
· When NW configure UE as 4 port, UE can support mode 2
· When NW configure UE as 2 port, UE can support mode 0
· For 4 port {17 17 17 17} PA UE
· UE is mode 2 UE for both 4 port and 2 port operation 
· As results, we need to change FG16-5a, i.e. 
· Supported UL full power transmission mode of fullpower: {2Tx, 4Tx}
We have the following TP

	16-5a
	UL full power transmission mode of fullpower
	1.     Supported UL full power transmission mode of fullpower: {2Tx, 4TX}
	2-13, 2-14
	Yes
	N/A
	 
	Per FS 
	N/A

	16-5b
	UL full power transmission fullpowerMode1
	1.     Supported UL full power transmission fullpowerMode1
2.     [Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}]
	2-13, 2-14
	Yes
	N/A
	 
	Per FS 
	No

	16-5c
	UL full power transmission fullpowerMode2
	The maximum number of SRS resources in one SRS resource set with usage set to ‘codebook’ for Mode 2: {1, 2, 4}
1. The maximum number of SRS resources in one SRS resource set with usage set to ‘codebook’ when UE is configured with 2 port operation: {1, 2}.
2. The maximum number of SRS resources in one SRS resource set with usage set to ‘codebook’ when UE is configured with4 port operation: {1, 2, 4} .
	2-13, 2-14
	Yes
	N/A
	
	Per FS 
	No

	16-5c-2
	UL full power transmission fullpowerMode2 – SRS resources
	1.    [Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}]
2.     The SRS configuration with different number of antenna ports for Mode 2: {[NULL,] 1_2, 1_4, [2_4], 1_2_4}
2. The SRS configuration with different number of antenna ports for Mode 2 when UE is configured with 2 port operation: {NULL, 1_2}
3. The SRS configuration with different number of antenna ports for Mode 2 when UE is configured with 4 port operation: {NULL, 1_4, 2_4, 1_2_4}

	16-5c
	Yes
	N/A
	 
	Per FS
	No



FG16-5c-3
· In general, we are fine with FG16-5c-3. However, this is one of the most difficult topic since it is connected with the TPMI list discussion and the reply we need for RAN2 LS. There is a possibility that we change the current TPMI list so that we can support different PA architecture better. But given the current TPMI list, current FG16-5c-4 is what we prefer
· We need to clarify the meaning of the candidate value, to avoid confusion, since it is not bitmap, nor enumerated. Therefore, we propose to clarify it as 
· For 4 port partial-coherent or full-coherent UE, UE needs to report: 2-port {2-bit bitmap} and 4-port non-coherent {G0~G3} and 4-port partial-coherent {G0~G6}
· For 4 port non-coherent UE, UE needs to report: 2-port {2-bit bitmap} and 4-port non-coherent {G0~G3} 
· For 2 port UE, UE needs to report: 2-port {2-bit bitmap} 
  We have the following TP
	16-5c-3
	UL full power transmission fullpowerMode2 – full power TPMI groups 
	1.     TPMI group(s) which delivers full power: {2-port {2-bit bitmap}, 4-port non-coherent {G0~G3}, 4-port partial-coherent {G0~G6}, [FFS: 4-port full-coherent {G0~G6}]}
	16-5c
	Yes
	N/A
	 
	Per FS
	No
	No
	 
	Note: When a full coherent UE operates in mode 2, the way it reports TPMIs should be the same as a partial-coherent UE
Note: For 4 port partial-coherent or full-coherent UE, UE needs to report: 2-port {2-bit bitmap} and 4-port non-coherent {G0~G3} and 4-port partial-coherent {G0~G6}
For 4 port non-coherent UE, UE needs to report: 2-port {2-bit bitmap} and 4-port non-coherent {G0~G3} 
For 2 port UE, UE needs to report: 2-port {2-bit bitmap} 
	Optional with capability signalling



FG16-8
· Prerequisite: There is a typo “FG2-42” should be “FG2-43”
· For Note 4
· We expect UE will report new FG2-36/40/41/43, not the old Rel-15 reporting
· We need to make sure that RAN2 will allow UE to report Rel-16 version of FG2-36/40/41/43  
We have the following TP
	16-8
	Active CSI-RS resources and ports for mixed codebook types in any slot
	1. Report a list of codebook combinations as {codebook 1, codebook 2, codebook 3}
For each codebook combination, report a list of {max number of ports per resource, max number of resources, max number of total ports}
	[2-35] 2-36/2-40/2-41/2-423 in Rel-15, and 16-3a, 16-3b in Rel-16
	Yes
	N/A
	 
	per band and per BC
	N/A
	N/A
	 
	Component-1 candidate values:
Codebook 1 = {Type I SP, Type I MP}
codebook 2 = {Type II, Type II PS, eType II R=1, eType II R=2, eType II PS R=1, eType II PS R=2 }
(Codebook 2, Codebook 3) = {(Type II, NULL), (Type II PS, NULL), (eType II R=1, NULL), (eType II R=2, NULL), (eType II PS R=1, NULL), (eType II PS R=2, NULL), (Type II, Type II PS)}
 
FFS: whether introduce codebook 3, where codebook 3 is downselected from {Type II, Type II PS, eType II R=1, eType II R=2, eType II PS R=1, eType II PS R=2, NULL}
 
Note 3：if a UE reports one or more codebook combinations in 16-8, then usage of active CSI-RS resources and ports for multiple codebooks in any slot is allowed only within those combinations
 
Note 4: For coexisting of mixed codebooks in any slot, gNB need to honor 16-8 and per-codebook capability 2-36/40/41/43 (new Rel-16 replicas of Rel-15 FG2-36/40/41/43) and 16-3a/b
 
FFS: the max number of combinations can be signaled in component 1
Note 5: Up to 4 combinations for component 1
FFS: the minimum requirement for component 2
 
Component-2 candidate values:
· Maximum 16 triplets for each codebook combination
· Max # of Tx ports in one resource: {2,4,8,12,16,24,32}
· Max # resources: {1 to 64}
Max # total ports: {2 to 256}
	Optional with capability signalling




4 Rel-16 V2X Features 
One open issue for FG 15-11 is whether this feature needs to be reported to gNB or needs to be reported between UEs. Since FG 15-11 is the basic FG for sidelink, each UE is able to transmit and receive NR PSFCH format 0. The main motivation of reporting this feature is to indicate the maximum number  of PSFCHs a UE can receive in a slot and the maximum number  of PSFCHs a UE can transmit in a slot. The candidate values for  are {5, 15, 25, 32, 35, 45, 50, 64} and the candidate values for  are {4, 8, 16}. 

The resource pool configuration includes the number of RBs allocated for PSFCH and the periodicity of PSFCH. If UEs in a resource pool are able to support a large number of PSFCH transmissions or PSFCH receptions in a slot, then gNB configures the resource pool with more PSFCH resources. Otherwise, gNB configures the resource pool with less PSFCH resources. Hence, the reporting of this feature to gNB seems useful in its resource pool configuration.  

On the other hand, a UE is able to transmit at least 4 PSFCHs in a slot. This implies there is no restriction on the corresponding transmitter UE’s scheduling. Even if PSFCH periodicity is 4 slots and a transmitter UE sends sidelink data to a receiver UE at every slot, the receiver UE is always able to send 4 PSFCHs in a slot. Furthermore, a transmitter UE can determine the enabling/disabling of sidelink HARQ feedback and the groupcast HARQ feedback option, based on its supported number of PSFCH receptions in a slot. Therefore, we do not see the motivation of a UE reporting this feature to another UE. 

Proposal 4-1: For FG 15-11, this feature is reported to gNB, but is not reported between UEs.

5 New FGs that are not dedicated to a specific Rel-16 work item/TEI
In this section, we discuss the PUCCH group related UE feature group to address the limitation and restriction from Rel-15 feature group design. We will first discuss three aspects related to PUCCH group configuration and capability reporting, then propose some new FGs to resolve the limitation and restrictions. 
5.1 Current PUCCH group configuration 
Based on our understanding, below we summary the current PUCCH group configuration 

· In each PUCCH group, at most two different numerologies
· Maximum two PUCCH groups in NR
· For EN-DC, NGEN-DC, NE-DC: 
· At most one PUCCH group per frequency range 
· NR PUCCH group in FR2 uses the same numerology
· For NR-DC
· Maximum one PUCCH group per CG
· Only the same numerology is supported for the cell group with carriers only in FR2. 
· However, it is not clear whether gNB is allowed to configure both FR1 and FR2 in the same CG (PUCCH group)
· In Rel-15, it is not an issue since RAN4 only defines FR1+FR2 two band NR-DC BC 
· In Rel-16, RAN4 introduced FR1+FR1+FR2 three band NR-DC BC. PUCCH group (CG) configuration is not adequately discussed in RAN1
· For NR-CA
· No further restrictions 

In terms of the UE capability reporting related to PUCCH group, we have the following four FGs 

· FG6-7
· UE supports two PUCCH groups, but, UE only supports the same numerology across both PUCCH groups for all carriers for both data and control
· FG6-8
· UE supports two PUCCH groups, and, UE supports different numerologies between two PUCCH groups for both data and control
· FG6-9
· In the same PUCCH group, UE supports up to two different numerologies wherein NR PUCCH is sent on the carrier with smaller SCS for data/control channel 
· FG6-9a
· In the same PUCCH group, UE supports up to two different numerologies wherein NR PUCCH is sent on the carrier with larger SCS for data/control channel 
5.2 New deployment in Rel-16 NR
The followings are the new deployment we should consider for RAN1 PUCCH group design, both because of the new deployment introduced in RAN4, and, because of the actual commercial deployment interest 

· For NR-DC, in 38.101-3, RAN4 introduced the 3 band, FR1 + FR1 + FR2, NR-DC BC
· From RAN4 38.101-3, the CG configuration can be either (FR1 + FR1) + FR2, or (FR1) + (FR1 + FR2)
· Note: In Rel-15, only 2 band, FR1 + FR2, NR-DC BC is introduced in RAN4
· For NR-CA, in 38.101-3, RAN4 introduced the 3 and 4 band, FR1 + FR1 [+ FR1] + FR2, NR-CA BC
· Note: In Rel-15, only 2 band, FR1 + FR2, NR-CA BC is introduced in RAN4
· There is growing commercial interest for 3 band FR1 + FR1 + FR2 NR deployment, with 3 different numerologies. One example is
· LTE low FR1 FDD band with 15kHz SCS, for refarming or coexistence 
· NR mid-high FR1 TDD band with 30kHz SCS
· NR  FR2 TDD band with 120kHz SCS

All the above new deployment does not exist in Rel-15, and as results, are not adequately discussed and supported by the Rel-15 PUCCH group design, especially in terms of the UE capability reporting.
5.3 Issue with current PUCCH group
From the previous discussion, 3 band FR1 + FR1 + FR2 NR BC is newly introduced in Rel-16 in RAN4, and more importantly, it is attracting commercial deployment interest. In this subsection, we discuss the inadequacy of the current PUCCH group capability reporting in terms of supporting FR1 + FR1 + FR2 deployment 

· UE is not allowed to support 3 different numerologies in the same PUCCH group
· For FR1 + FR1 + FR2 NR-CA deployment, this forces UE and NW to use two PUCCH groups since, currently, UE can only support two different numerologies in the same PUCCH group
· Compared to supporting two PUCCH group, a single PUCCH group with 3 different numerologies may offer UE more implementation flexibility and better system performance as well
· UE cannot indicate the preferred PUCCH group configuration 
· Rel-15 UE capability reporting is unclear, our understanding is that, it allows both PUCCH groups configurations 
· (FR1 + FR1) + FR2
·  (FR1) + (FR1 + FR2)
· UE either has to support both or support neither based on the current capability reporting
· UE does not have full flexibility to indicate the location of PUCCH in the PUCCH group. Below are the details
· For (FR1 15kHz + FR1 30kHz), UE may want to support both PUCCH on 15kHz and on 30kHz, so UE can report to support both FG6-9 and FG6-9a
· For (FR1 15kHz + FR2 120kHz), UE may want to support PUCCH on 15kHz only, so UE has to support that it does not support FG6-9a
· The above two conflict each other

To resolve the above issues, we propose the following new PUCCH group related FGs in order to better support the emerging FR1 + FR1 + FR2 deployment
5.4 Proposed new FGs
We propose the following new FGs with some explanation of the purpose 

· FG22-5a, this is to indicate whether UE supports 3 different numerologies in the same PUCCH group and the restrictions on PUCCH configuration 
· FG22-5b, this is to indicate whether UE supports FR1 + (FR1 + FR2) PUCCH group configuration 
· FG22-5c, this is to indicate, for FR1 + (FR1 + FR2) PUCCH group configuration, whether PUCCH can be configured on FR2 on the secondary PUCCH group, or SCG. 
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	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

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	22. NR Others
	22-5a
	Support of three different numerologies in the same PUCCH group for EN-DC, NGEN-DC, NE-DC, NR-DC and NR-CA
	For EN-DC, NGEN-DC, NE-DC, NR-DC and NR-CA, support three different numerologies in the same PUCCH group

1) Which SCS can be configured to transmit NR PUCCH

	
	Yes
	N/A
	
	Per BC
	N/A
	N/A 
	N/A
	Candidate value for component 1, 3 bit bitmap {smallest SCS, second smallest SCS, largest SCS}

	Optional with capability signalling

Component 1: {smallest SCS, second smallest SCS, largest SCS}
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	22-5b
	[bookmark: _GoBack]Not supporting more than one NR PUCCH group per frequency range for both NR-DC and NR-CA
	For both NR-DC and NR-CA, UE does not support more than one NR PUCCH group per frequency range
	
	Yes
	N/A
	
	Per BC
	N/A
	N/A 
	N/A
	
	Optional with capability signalling
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	22-5c
	Not supporting of NR PUCCH-SCell on FR2 in the NR PUCCH group with both FR1 and FR2 
	UE does not support NR PUCCH-SCell being sent on the carrier in FR2 when NR PUCCH group is configured with carriers in both FR1 and FR2
	
	Yes
	N/A
	
	Per BC
	N/A
	N/A 
	N/A
	
	Optional with capability signalling
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