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1 Introduction
This paper provides our views on Rel-16 UE features for the following features.
· NR-U, eMIMO, MR DC/CA, UE power saving and mobility enhancements
Detailed proposals are described in the following sections.

2 UE features for NR-U
In this section, we discuss the remaining issues of NR-U UE feature based on the latest approved R16 NR UE feature list in R1-2006462. Specifically, we provide our views on which feature groups can be basic feature groups for an NR-U deployment scenario.
2.1 Basic feature groups for NR-U deployment scenarios

According to NR-U WID, Rel-16 NR-U aims to support the following deployment scenarios. Based on the NR-U target deployment scenarios, we provide our views on which feature groups should be mandatory for a particular deployment scenario in Table 1.   

· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell). 

· NR-U SCell may have both DL and UL, or DL-only.

· In this scenario, NR PCell is connected to 5G-CN.

· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)

· In this scenario, LTE PCell connected to EPC as higher priority than PCell connected to 5G-CN. 

· Scenario C: Stand-alone NR-U

· In this scenario, NR-U is connected to 5G-CN.

· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band (single cell architecture).

· In this scenario, NR-U is connected to 5G-CN.

· Scenario E: Dual connectivity between licensed band NR and NR-U. 

· In this scenario, PCell is connected to 5G-CN.
MIB reading should basic FG for SA/DC deployment scenarios. 

RACH related FGs should be basic FGs for SA/DC deployment scenarios. RAR windows are extended to 40ms to cope with the transmission timing uncertainty caused by LBT. We think it should be supported by UE that plans to support NR-U SA and DC deployments. On the other hand, for UE that only supports NR-U CA operation, then it is not necessary, because RAR is transmitted in SpCell (PCell or PSCell) only.
PRB interlaced mapping for PUSCH should be basic FGs for CA with UL and SA/DC deployment scenarios. 

PRB interlaced mapping for PUCCH should be basic FGs for SA/DC deployment scenarios. 

In our opinion, monitoring DCI 2_0 to acquire COT structure in both time (CO duration) and frequency (availableRB-Sets-r16) dimensions is beneficial to UE in terms of AGC adjustment, COT detection, skipping of PDCCH monitoring and CSI-RS reception, etc. Therefore, we suggest to make FG10-29 and 10-30 as basic FGs for all NR-U deployment scenarios. 
Table 1: Proposed basic feature groups for NR-U deployment scenarios
	
	Scenario A with DL-only in LBE
	Scenario A with DL-only in FBE
	Scenario A with both DL and UL in LBE
	Scenario A with both DL and UL in FBE
	Scenario B in LBE
	Scenario B in FBE
	Scenario C
	Scenario D
	Scenario E in LBE
	Scenario E in FBE

	10-1 (LBT LBE)
	
	
	X
	
	X
	
	X
	
	X
	

	10-1a (LBT FBE)
	
	
	
	X
	
	X
	X
	
	
	X

	10-2 (SSB RRM for LBE)
	X
	
	X
	
	X
	
	X
	X
	X
	

	10-2a (SSB RRM for FBE)
	
	X
	
	X
	
	X
	
	
	
	X

	10-2b (MIB)
	
	
	
	
	X
	X
	X
	X
	X
	X

	10-2c (SSB RLM for LBE)
	
	
	
	
	X
	
	X
	X
	X
	

	10-2d (SSB RLM for FBE)
	
	
	
	
	
	X
	X
	X
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	10-2e (SIB1)
	
	
	
	
	X
	X
	X
	X
	X
	X

	10-2f (ext. RAR)
	
	
	
	
	
	
	X
	X
	X
	X

	10-3 (interlaced PUSCH)
	
	
	X
	X
	X
	X
	X
	
	X
	X

	10-3a (interlaced PUCCH)
	
	
	
	
	X
	X
	X
	
	X
	X

	10-27 (wide PRACH)
	
	
	
	
	X
	X
	X
	
	X
	X

	10-29 (DCI 2_0: RB set)
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	10-30 (DCI 2_0: COT duration)
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X


Proposal 1: Adopt the proposed basic feature groups in Table 1 to TS38.306 specification for NR-U deployment scenarios. 
3 UE features for eMIMO
3.1 Views on UE features for multi-beam operation
FG 16-1a TCI state activation across multiple CCs

Our view for 16-1a-1 is as follows.

· Component 1: Remove ‘[unique]’ and the bracket for (1Tx)
· Component 8: 
· Candidate values: 3bit bitmap 

· UE must at least report support of ‘CSI-RS as CMR without dedicated IMR configured’

· CSI-RS is counted as one time when it is configured as CMR without dedicated IMR.

Proposal 2: Adopt the following changes for FG 16-1a:
· Per slot limitations:
· The max number of [unique] SSB/CSI-RS [(1Tx)] for CMR 
· The max number of CSI-IM/NZP-IMR resources 
· The max number of CSI-RS (2Tx) resources for CMR

· Memory limitations:
· The max number of SSB/CSI-RS resources as CMR
· The max number of CSI-IM/NZP IMR resources

· Other limitations:
· Supported density of CSI-RS (CMR)
· The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-SINR (including CMR and IMR) shall not exceed MD_1
· Supported SINR measurements: {SSB as CMR with dedicated IMR, CSI-RS as CMR with dedicated [CSI-IM/NZP IMR] configured, CSI-RS as CMR without dedicated IMR configured, [CSI-RS (2Tx) resources for CMR]}
FG 16-1g Resources for beam management, pathloss measurement, BFD, and BFR

Our view for 16-g is as follows.

· Feature Group: Remove the bracket for ‘pathloss measurement, BFD, and BFR’

· Component 1: Remove ‘[unique]’

· Component 1 and 2: Remove the bracket for ‘pathloss measurement, BFD, RLM’

· Per band

· Remove ‘FFS’

Proposal 3: Suggest the following changes for FG 16-1g: 

· Feature Group: 
· Resources for beam management, [pathloss measurement, BFD, and BFR]
· Components:
· 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.

· 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

· Type: Per band
3.2 Views on UE features for multi-TRP/Panel transmission
After the email discussion of [101-e-Post-NR-UE-Features-10], we still do not have conclusion on the capability reporting types for the following FGs. 
	16-2a
	Multi-DCI based multi-TRP
	1. The maximum number of CORESETs configured per “PDCCH-Config”

2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config”

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]



	16-2a-0
	Overlapping PDSCHs in time and fully overlapping in frequency and time
	1. Support PDSCHs with fully overlapping REs, i.e. the allocated REs for PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 0 and PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 1 are exactly the same REs 
2. The maximal number of PDSCH scrambling sequences per serving cell

	16-2a-1
	Overlapping PDSCHs in time and partially overlapping in frequency
	1. Support PDSCHs with partially overlapping REs, i.e. the allocated REs for PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 0 and PDSCH scheduled by DCI in CORESET configured with CORESETPoolIndex = 1 are partially overlapped, with at least one RE 

	16-2a-2
	Out-of-order operation for DL
	1. Support out-of-order operation for PDCCH to PDSCH

2. Support out-of-order operation for PDSCH to HARQ-ACK

	16-2a-3
	Out-of-order operation for UL
	1. Support out-of-order operation for PDCCH to PUSCH

	16-2b-1
	Single-DCI based SDM scheme
	1. Support of single-DCI based SDM scheme


	16-2b-2
	Single-DCI based FDMSchemeA
	Support of single-DCI based FDMSchemeA



	16-2b-3
	Single-DCI based FDMSchemeB
	1. Support of single-DCI based FDMSchemeB

	16-2b-3a
	Single-DCI based FDMSchemeB CW soft combining
	2. For FDMSchemeB, Support CW soft combining that UE can support

	16-2b-4
	Single-DCI based TDMSchemeA
	1. Support of single-DCI based TDMSchemeA

2. Supported maximum TBS size for TDMSchemeA



	16-2b-5
	Single-DCI based inter-slot TDM
	1. Support of single-DCI based inter-slot TDM
2. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
3. Supported maximum TBS size 

4.  [Maximum number of TCI states]


Our preference is:

· FG16-2a, 16-2a-0,16-2a-1, FG16-2a-2 and FG16-2a-3, should be “per FSPC”.
· FG 16-2b-1, 16-2b-2, 16-2b-3, 16-2b-3a, 16-2b-4 and16-2b-5 should be “per FSPC”
At the very minimum, FG16-2a and FG-16-2b-3 (which is similar to M-DCI case with two CWs) should be FSPC. We are open to consider other solutions for the rest of FGs. 

Proposal 4: FG16-2a and FG16-2b-3 should be reported per FSPC. 
As discussed for months, UE vendors mainly have concern on per-band/per FS type report especially for a band may comprise a component carrier with a large bandwidth, while infra-vendors have concern on the signalling overhead with FSPC type. A possible way-forward may be under per-FS type, for a FG, we report a pair (M, N) or a list of (M, N) pairs, which imply
· The maximum number of CCs supporting the FG with bandwidth <= X MHz is M, and simultaneously, 

· The maximum number of CCs supporting the FG with bandwidth > X MHz is N.

The value of X can be FR dependent or band dependent; e.g., X=20 for FR1 and X=200 for FR2. 

Another possibility is to have different reporting types in FR1 and FR2. It can be considered to use per-FSPC type in FR1 and per-FS type is FR2.

4 UE features for MR DC/CA
In the latest RAN1 UE feature list [1], the following UE capabilities structure for DL/UL cross carrier scheduling is applied:
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It can be seen that the enhanced DCI processing capability (component 2 highlighted in yellow) is still in bracket and not stable yet. Since FG 18-5 and FG 18-5b are basic features for cross-carrier scheduling, and with the late state in Rel-16, we do not think the enhanced DCI processing capability should be included inside the basic features.

Proposal 5: Remove Component 2 from FG 18-5 and FG 18-5b.
In the latest RAN1 UE feature list [1], a new UE feature FG 18-9 “Type2 HARQ-ACK codebook for >1 DL DCIs in same Monitoring Occasion” is defined in RAN1 #101e [2] as shown below:
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To our understanding, in the feature group description, the “DL DCI” should be modified to be “unicast DL DCI”. 

During RAN1 online email discussion in RAN1 #101e, the original FL proposal is:
· Feature lead proposal: introduce a resolution based on option 1:
· If the maximum number of unicast DCIs per MO per scheduled cell is increased to larger than one, the PDSCH starting time in addition to the existing MO and Cell index is introduced to order the HARQ-ACK feedback. 
· Introduce separate UE capability as being discussed under the UE feature session

After a lengthy discussion, the “unicast” is lost due to no reason. Thus, the DCI mentioned in FG 18-9 here should be “unicast” DCI.

Proposal 6: In FG 18-9 “Type2 HARQ-ACK codebook for >1 DL DCIs in same Monitoring Occasion”, Modify “DL DCI” to be “unicast DL DCI” for clarification.

In the latest RAN1 UE feature list [1], the candidate values for FG 18-5a and FG 18-6a are still FFS:
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We thus have the following proposal:

Proposal 7: For FG 18-5a and FG 18-6a, the candidate value should be {same numerology, different numerology, both}.

In the latest RAN1 UE feature list [1], the following UE capabilities structure for unaligned CA is applied:
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It should be noted that many important parameters (say SMTC window, measurement gap) are defined on the timeline of PCell. To avoid the SCell slot slit, we suggest to add the following candidate values to FG 18-7 that UE can report:

· PCell/PSCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig <= SCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig
· PCell/PSCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig > SCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig
· both
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Figure 1: SCell slot slit when PCell SCS > SCell SCS
Proposal 8: To avoid the SCell slot slit issue while many important parameters (say SMTC window, measurement gap) are defined on the timeline of PCell, add the following candidate values to FG 18-7 that UE can report: 

· PCell/PSCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig <= SCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig
· PCell/PSCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig > SCell lowest SCS among all the configured SCSs in DL/UL SCS-SpecificCarrierList in ServingCellConfig
· both
5 UE features for NR UE power saving
For FG 19-1, during the discussion in RAN1 #101-e, there was different understanding on FR1/FR2 differentiation signaling among companies. Two interpretations were discussed:

· Interpretation #1: when FR1 is ‘yes’ and FR2 is ‘no’ (or vice versa), the UE is not expected to be configured with DCI format 2_6 on FR1 when FR1-FR2 CA is configured.

· Note: Configuration of DCI format 2_6 on FR1-only CA is still supported.

· Interpretation #2: FR1/FR2 differentiation bit allows a UE to indicate UE support of DCI format 2_6 monitoring on primary cell in FR1 or primary cell in FR2, respectively.

In our view, Interpretation #2 is more reasonable. In addition, due to only one MAC entity per UE for controlling the DRX adaptation, UE does not have to monitor PDCCH in both FR1 and FR2 carriers if DCI format 2_6 indicates UE not to start drx-onDurationTimer. 

Proposal 9: Add the following descriptions in “Note” of FG 19-1.

· FR1 bit set to 'yes' means support of DCI 2_6 monitoring on primary cell in FR1

· FR2 bit set to 'yes' means support of DCI 2_6 monitoring on primary cell in FR2
6 UE features for Mobility Enhancements
In the latest RAN1 UE feature list [1], the following UE capabilities structure for UL power sharing of DAPS-HO is applied:
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where the structure is the same as UL power sharing of MR-DC due to the RAN1 #99 agreement [3]:

	Agreement:

· If a UE is configured with DAPS HO operation, the UE performs transmission power control based on Section 7.6.2 of 38.213 (NR-DC) replacing the MCG with target MCG and SCG with source MCG.


The table for the UE capability of Rel-16 UL power sharing for NR-DC from the latest RAN1 UE feature list [1] is shown below:
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It can be seen that FG 18-1 (semi-static power sharing mode 1) is set as the prerequisite for FG 18-1a and FG 18-1b. To align the UL power sharing UE behaviour of DAPS-HO and NR-DC, we have the following proposal:

Proposal 10: Set FG 21-2 (semi-static UL power sharing mode 1) as the prerequisite for FG 21-2a and FG 21-2b.
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