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Introductions
In this contribution, we share our view on the remaining issues on NR Rel-16 UE features, including the following work items. 
· URLLC/IIOT
· NRU
· eMIMO

Remaining issues for URLLC/IIOT UE features
One major remaining issue for URLLC/IIOT UE feature is the introduction of New UE FG for CBG-based PUSCH retransmission with cancelled initial transmission. In RAN#89e, it was agreed in principle to introduce such new UE FG [1], with details to be decided in RAN1/2. 
In [2], the latest proposal of this new FG is captured as the following, which can be used as the starting point for this FG. However, it makes more sense to make it “per UE” rather than “per band”. It is also proposed to revise the note column. 
	TB CRC for cancelled initial PUSCH with CBG based re-transmission
	PUSCH TB CRC calculated according to section 6.2.1 of TS38.212 for a re-transmission of a TB in case the initial transmission was cancelled and CBG-based re-transmission is configured and the following condition is not satisfied: the UE is scheduled for a re-transmission of a CBG #N in a given TB unless CBG #N-1 has been transmitted before or is scheduled in the same UL grant that includes CBG#N.
	5-25
	Yes
	N/A
	 
	Per band
	N/A
	N/A
	 
	The cancellation could be due to support of ULCI [and/or intra-UE prioritization and/or dynamic SFI]

If the UE does not report the support of this FG, the UE behaviour is undefined.
	Optional with capability signaling 



Proposal 2-1: To introduce a New UE FG for CBG-based PUSCH retransmission with cancelled initial transmission as the following. No RAN1 specification change is required. 
	TB CRC for cancelled initial PUSCH with CBG based re-transmission
	PUSCH TB CRC calculated according to section 6.2.1 of TS38.212 for a re-transmission of a TB in case the initial transmission was cancelled and CBG-based re-transmission is configured and 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 is scheduled in the same UL grant that includes CBG#N.
	5-25
	Yes
	N/A
	 
	Per UE
	N/A
	N/A
	 
	The cancellation could be due to support of UL CI and/or intra-UE prioritization and/or dynamic SFI
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. If the condition is not satisfied, the UE behavior is undefined. 
	Optional with capability signaling 




Remaining issues for NRU UE features
For NRU UE features, there are two remaining aspects to be discussed: licensed applicability of some FGs and basic FGs for mapping to different scenarios.
Regarding licensed applicability of FGs, the following 3 FGs are agreed to extend to licensed spectrum according to the agreements in RAN1 101-e:
	10-8
	Type B PDSCH length {3, 5, 6, 8, 9, 10, 11, 12, 13} without DMRS shift due to CRS collision
	Both licensed and unlicensed band

	10-11
	SRS starting position at any OFDM symbol in a slot
	Both licensed and unlicensed band

	10-17
	Multi-PUSCH UL grant
	Both licensed and unlicensed band



In RAN1 102-e, except the following FGs listed below that is still open, other FGs are agreed to be used in unlicensed band only:
· 10-9    Search space set group switching with explicit DCI 2_0 bit field trigger or with implicit PDCCH decoding with DCI 2_0 monitoring
· 10-9b    Search space set group switching with implicit PDCCH decoding without DCI 2_0 monitoring
· 10-9c    Joint search space group switching across multiple cells
· 10-9d    Support Search space set group switching capability 2
· 10-15    Enhanced dynamic HARQ codebook
· 10-16    One-shot HARQ ACK feedback
· 10-20a	 Support coreset configuration with rb-Offset
Regarding licensed applicability of the above FGs, the following alternatives are discussed in RAN1#102-e:
Alt.1:
· The FG10-9/9b/9c/9d/15/16/20a are only applicable to unlicensed bands, and the note “the signaling is per band but is only expected for a band where shared spectrum channel access must be used” is added for the FGs.
Alt.2:
· The FG10-9/9b/9c/9d/20a are only applicable to unlicensed bands, and the note “the signaling is per band but is only expected for a band where shared spectrum channel access must be used” is added for the FGs.
· The FG10-15/16 are also applicable to licensed bands.
Alt.3:
· The FG10-9/9b/9c/9d/15/16/20a are also applicable to licensed bands.
It involves the following 3 categories of FGs:
· [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Search space group switching related (FG 10-9/9b/9c/9d): Although the general idea could be applied to licensed band for power saving purpose, it is mainly developed for unlicensed band and the detailed mechanism is not very suitable for licensed band. NR Rel-17 power saving project is a better place to discuss the details based current NRU search space group switching mechanism.
· HARQ related (FG 10-15/16): We do not see the need of extension to licensed band since it is introduced due to LBT requirement on unlicensed band which doesn’t exist in licensed band.
· Wideband related (FG 10-20a): This feature is introduced to skip the intra-carrier guard band in Coreset configuration for unlicensed band. There is no intra-carrier guard band for licensed band and thus no any benefit when applicating to licensed band.
In summary, Alt. 1 is preferred according to the above analyses.
Proposal 3-1: The FG10-9/9b/9c/9d/15/16/20a are only applicable to unlicensed bands, and the note “the signaling is per band but is only expected for a band where shared spectrum channel access must be used” is added for the FGs.

Regarding basic FG definition, the following FGs are listed as candidate basic FGs in [3] and our view is provided below:
	FG
	Description
	Our view

	10-1
	UL channel access for dynamic channel access mode  
	It should be basic FG for standalone and LAA DL+UL scenario with LBE since LBT is mandatory for UL transmission.

	10-1a
	UL channel access for semi-static channel access mode
	It should be basic FG for standalone and LAA DL+UL scenario with FBE since LBT is mandatory for UL transmission. 

	10-2
	SSB-based RRM for dynamic channel access mode
	It should be basic FG for standalone scenario with LBE since it is needed for mobility measurement.

	10-2a
	SSB-based RRM for semi-static channel access mode
	It should be basic FG for standalone scenario with FBE since it is needed for mobility measurement.

	10-2b
	MIB reading on unlicensed cell
	It should be basic FG for standalone scenario since it is needed for initial access.

	10-2c
	SSB-based RLM for dynamic channel access mode
	It should be basic FG at least for standalone scenario with LBE since it is needed for link reliability.

	10-2d
	SSB-based RLM for semi-static channel access mode
	It should be basic FG at least for standalone scenario since it is needed for link reliability.

	10-2e
	SIB1 reception on unlicensed cell
	It should be basic FG for standalone scenario since it is needed for initial access.

	10-2f
	Support monitoring of extended RAR window
	It should be basic FG for standalone scenario with LBE since it is needed for initial access.

	10-27
	Wideband PRACH
	Not necessary as a basic FG since legacy PRACH still works

	10-29
	Support available RB set indicator field in DCI 2_0
	Not necessary as a basic FG since it still works without it.

	10-30
	Support channel occupancy duration indicator field in DCI 2_0
	Not necessary as a basic FG since it still works without it.



Based on the above analysis, the following proposal is made:
Proposal 3-2: FG 10-1, 10-1a, 10-2, 10-2a, 10-2b, 10-2c, 10-2d, 10-2e and 10-2f should be basic FGs for at least one particular scenario.
Remaining issues for eMIMO UE features
For UE feature 16-2a in last meeting, there is still the following note that needs to be clarified 
	Note: RAN1 will continue discussing how the network will interpret the signaled maximum number of CORESETs in components (1) and (2) (i.e., candidate value 5 for component (1) and candidate value 3 for component (2)) of FG 16-2a, e.g., when CORESET #0 is not configured



	16-2a
	Multi-DCI based multi-TRP
	1. The maximum number of CORESETs configured per BWP per cell in addition to CORESET 0
2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per BWP per cell in addition to CORESET 0
3. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency 
4. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot

	Note: A UE may assume that its maximum receive timing difference between the DL transmissions from two TRPs is within a CP
Note: Processing capability 2 is not supported in any CC if at least one CC is configured with two values of CORESETPoolIndex

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




The issue mentioned in the note is related to the description of component 1 and component 2 of 16-2a. For a BWP with CORESET #0, the candidate value 5 for component 1 and the candidate value 3 for component 2 is not supported by current spec. But the description is straightforwardly saying “in addition to CORESET 0” which may imply that UE reporting candidate value 5 may support 5 CORESETs in addition to CORESET #0, i.e. 6 COERSETs per BWP in total. Such interpretation should be precluded for both component 1 and component 2.
Proposal 4-1: For UE feature 16-2a Component 1, UEs reporting value 5 supports maximum 4 configured CORESETs in addition to COERSET #0 for a BWP with CORESET #0.
Proposal 4-2: For UE feature 16-2a Component 2, UEs reporting value 3 supports maximum 2 configured CORESETs for CORESETPoolIndex=0 in addition to COERSET #0 for a BWP with CORESET #0.

For UE feature 16-1a-1, counting of RS needs further clarification regarding the following points
· How is the slot duration defined? One option is to mimic what is defined for 16-1g.
· For component 4, 5, 7, does the CSI-RS resources within inactive BWP counts?
· For cases when a CSI-RS is configured as CMR without dedicated IMR, how many times should they be counted since they are both used as CMR and IMR? 

	16-1a-1
	SSB/CSI-RS for L1-SINR measurement
	Per slot limitations:
1. The max number of SSB/CSI-RS (1Tx) for CMR 
2. The max number of CSI-IM/NZP-IMR resources 
3.  The max number of CSI-RS (2Tx) resources for CMR

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

Other limitations:
6. Supported density of CSI-RS (CMR)
7. 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
8. Supported SINR measurements

	Component 1: Candidate values {8, 16, 32, 64}

Component 2: Candidate values {8, 16, 32, 64}

Component 3: Candidate values {0, 4, 8, 16, 32, 64}

Component 4: Candidate values {8, 16, 32, 64 , 128}

Component 5: Candidate values {8, 16, 32, 64 , 128}

Component 6: Candidate values {‘1 only’, ‘3 only’, ‘1 and 3’}

[bookmark: _Hlk42699933][bookmark: _Hlk42699987]Component 7: Candidate values {2, 4, 8, 16, 32, 64}

Component 8: Candidate values: bitmap with entries {SSB as CMR with dedicated CSI-IM, SSB as CMR with dedicated NZP IMR, CSI-RS as CMR with dedicated NZP IMR configured, CSI-RS as CMR without dedicated IMR configured} 

If a UE supports FG 16-1a-1 it must support CMR(CSI-RS) + dedicated CSI-IM 

FFS: How CSI-RS is counted when it is configured as CMR without dedicated IMR



[bookmark: _Hlk53651849]Proposal 4-3: Clarify how to count the number of RS for 16-1a-1:
· The reference slot duration is the shortest slot duration defined for the FR where the reported band belongs.
· For component 4, 5, 7, the number of RS includes those both configured in active and inactive BWP.
· CSI-RS resources configured as CMR without dedicated IMR are counted both as CMR and IMR.

For UE feature 16-2a-1, counting of RS also need to be clarified: 
· For periodic RS, if they are “configured to measure”, is it counted only in the slot there is the RS or is it counted across all slots before they are turned off through reconfiguration?
· For RS configured for new beam identification, are they counted only after there is beam failure or they are always counted?
· The “configure to measure” RS are those in active BWP. But the configured RS includes all configured including both active and inactive BWP. 

	16-1g
	Resources for beam management, pathloss measurement, BFD, RLM and new beam identification 
	1. The maximum total number of SSB/CSI-RS/CSI-IM resources configured to measure within a slot across all CCs in one frequency range for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification
2.  The maximum total number of SSB/CSI-RS/CSI-IM resources configured across all CCs in one frequency range for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, RLM and new beam identification
	Component-1: candidate value set is {2, 4, 8, 12, 16, 32, 64, 128}

Component-2: candidate value set is {2, 4, 8, 12, 16, 32, 40, 48, 64, 72, 80, 96, 128, 256}

FFS:  how to count the RS for component (1) and (2)

Note: the reference slot duration is the shortest slot duration defined for the reported FR supported by the UE



[bookmark: _Hlk53651837]Proposal 4-4: Clarify how to count the number of RS for 16-1g:
· For periodic RS, if they are “configured to measure”, they are counted only in the slot there is the RS.
· For RS configured for new beam identification, they are always counted regardless of beam failure event.
· The “configure to measure” RS (component1) only counts those in active BWP. But the configured RS(component2) counts all configured including both active and inactive BWP. 

In the agreed FG 16-5c-2, there is still one FFS which was discussed in length during last meeting. It had been agreed to support max number of SRS resources in a set is 4. If gNB configures 4 SRS resources it is not possible to configure all SRS resources with different number of ports since there is no 3-port SRS resource defined. In this sense the Note in FFS is not needed. In the case of configured number of SRS resources is 2 or 3, this is Note is less relevance. Thus we propose to remove the Note.
Proposal 4-5: To remove the Note for FG 16-5c-2
	16-5c-2
	UL full power transmission fullpowerMode2 – SRS resources
	The SRS configuration with different number of antenna ports per SRS resource for Mode 2
	16-5c
	Yes
	N/A
	
	Per FS
	No
	No
	
	Component (1) candidate values: {1_2, 1_4, 1_2_4}

1st state (1_2): each SRS resource can be configured with 1 port or 2 ports
 
2nd state (1_4):  each SRS resource can be configured with 1 port or 4 ports
 
3rd state (1_2_4): each SRS resource can be configured with 1 port or 2 ports or 4 ports

[bookmark: _Hlk49209488]FFS: Note: The max number of SRS resources with different ports is the same as the number of SRS resources



About symbol level offset for SRS for CB and antenna switching, following was agreed in last meeting:
· A new FG for requiring an offset between the end of PDCCH triggering A-SRS and the SRS transmission for CB PUSCH and antenna switching is introduced, and new FGs/components that are replicated from 3-2, 3-5, 3-5a, 3-5b are also introduced.
· FFS: detailed design of new FGs

	2-58a
	For SRS for CB PUSCH and antenna switching on FR1 with symbol level offset for aperiodic SRS transmission  
	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
	2-53
	Yes
	N/A
	 
	Per FS
	n/a
	n/a
	n/a
	 
	Optional with capability signalling


Since FG 2-58a is for FR1 other minimum value seems unnecessary, thus propose to remove the text in square bracket.  
Proposal 4-6: To remove the text in square bracket FG 2-58a 
	2-58a
	For SRS for CB PUSCH and antenna switching on FR1 with symbol level offset for aperiodic SRS transmission  
	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
	2-53
	Yes
	N/A
	 
	Per FS
	n/a
	n/a
	n/a
	 
	Optional with capability signalling
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