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Introduction
In RAN1#106bis-e, discussion on Rel. 17 UE features was kicked off. In this contribution, we discuss our views on Rel. 17 UE features for further enhancements on MIMO. More specifically, we provide our views on inter-cell multi-TRP operation, HST-SFN multi-TRP deployment, as well as CSI enhancements for multi-TRP and FR1 FDD Reciprocity. 
UE features for inter-cell multi-TRP operation
	Index
	Feature group
	Components
	Prerequisite feature groups
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	23-4
	IntCell-mTRP
	1. Support of RRC configuration of additional PCI different from serving cell associated with the TCI state and/or QCL-info
[2.Support of X>1 (max number of PCIs different from serving cell)]
[3. Supported max number of RRC-configured  PCIs different from serving cell PCI for [FR1/case1] (X1)] [SSB time domain positions or periodicity of additional PCIs is not exactly the same as serving cell PCI)]
[4. Supported max number of RRC-configured PCIs different from serving cell PCI for [FR2/case2] (X2)] [SSB time domain positions and periodicity are exactly the same among the additional PCIs and the same as serving cell PCI]
[5. default case to be supported, e.g., case2 with X2=1]
	
	
	
	Optional with capability signalling


The following agreement was reached in RAN1#106bis [1]
Agreement
Support two independent X values (X1, X2) are reported as a UE capability for two different assumptions on additional SSB time domain position and periodicity with respect to serving cell SSB.
· X1 (Case 1) = The maximum number of configured additional PCIs when each configuration of SSB time domain positions and periodicity of the additional PCIs is the same as SSB time domain positions and periodicity of the serving cell PCI
· X2 (Case 2) = The maximum number of configured additional PCIs when the configurations of SSB time domain positions and periodicity of the additional PCIs is not according to Case 1
· Note: By definition, Case 1 and Case 2 cannot be enabled simultaneously
· Supported values for X1 and X2 include at least 0,1,2,3 and 7. FFS on other values
· This UE capability has FR1 and FR2 differentiation
According to the above agreement, the 2nd and the 5th components are not aligned with the current agreement and should be removed since we have no agreements on the default case or default values.  
Remove the 2nd and the 5th components of FG 23-4 

In addition, X1 and X2 for FR1 and FR2 should be independently reported, respectively.
Update the 3rd and the 4th components of FG23-4 as follows 
· Supported max number of RRC-configured PCIs different from serving cell PCI for FR1 and FR2 (X1) for the case that SSB time domain positions or periodicity of additional PCIs is not exactly the same as serving cell PCI
· Supported max number of RRC-configured PCIs different from serving cell PCI for FR1 and FR2 (X2) for the case that SSB time domain positions and periodicity are exactly the same among the additional PCIs and the same as serving cell PCI
UE features for HST-SFN multi-TRP deployment enhancements
In RAN1#106bis-e [2], the following preliminary set of UE features related to HST-SFN deployment enhancements were provided, with a brief version of the table containing the corresponding feature groups provided below, as follows:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	23-6-1
	SFN scheme A (scheme 1)
	1. [Support of scheme A for PDCCH] [and default QCL assumption with two TCI states for PDCCH]
2. Support of scheme A for PDSCH [scheduled by [single TRP/ Scheme A] PDCCH] [and default QCL assumption with two TCI states for PDSCH]
3. Support of dynamic switching between single-TRP and SFN PDSCH scheme A for DCI formats 1_1, 1_2
	
	
	{Support, Not support}
	Optional with capability signalling

	23-6-1a
	Dynamic switching - scheme A
	Support of dynamic switching between single-TRP and SFN PDSCH scheme A by TCI state field in DCI formats 1_1, 1_2
	
	
	
	

	23-6-2
	SFN scheme B (TRP based pre-compensation)
	1. [Support of scheme B for PDCCH] and PDSCH
2. Support of scheme B for PDSCH  [scheduled by [single TRP/Scheme B] PDCCH]
Support of dynamic switching between single-TRP and SFN PDSCH scheme B for by TCI state field in DCI formats 1_1, 1_2
	[23-6-1]
	[FR1 only]
	{Support, Not support}
	Optional with capability signalling

	23-6-2a
	Dynamic switching - scheme B
	Support of dynamic switching between single-TRP and SFN PDSCH scheme B by TCI state field in DCI formats 1_1, 1_2
	
	
	
	

	23-6-3
	Simultaneous activation of two TCI states for PDCCH across multiple CCs [(HST/URLLC)]
	Support of simultaneous activation of two TCI states [for CORESETs with the same CORESET ID] in all BWPs across a set of configured component carriers [by single MAC-CE]
	
	
	{Support, Not support}
	Optional with capability signalling

	23-6-4
	Default beam setup [for HST]
	1. Support of PDSCH reception using default beam for Rel-17 enhanced SFN scheme when PDSCH is scheduled with offset less than threshold
FFS: 2. Support PDSCH reception using default beam for Rel-17 enhanced SFN scheme when TCI field is not present in DCI [when PDSCH is scheduled with offset equal or larger than the threshold]
3. Support aperiodic CSI-RS reception using default beam for Rel-17 enhanced SFN scheme when scheduling offset is less than threshold
FFS: 4. Support of single-TRP PUCCH transmission using default beam when enhanced SFN PDCCH transmission scheme is configured
FFS: 5. Support of single-TRP PUSCH transmission using default beam when enhanced SFN PDCCH transmission scheme is configured
FFS: 6. Support of single-TRP SRS resource transmission using default beam when enhanced SFN PDCCH transmission scheme is configured
	
	
	{Support, Not support}
	Optional with capability signalling



For FG 23-6-2, the pre-requisite FG 23.6.1 should be removed. This pre-requisite does not match any agreement made so far. Additionally, SFN Scheme B is mainly a network-based approach and is intended to support UEs that are not capable of supporting UE-based Scheme A, and hence including FG 23.6.1 to be a pre-requisite of FG 23.6.2 is not justified.
For FG 23-6-2, remove the pre-requisite FG 23-6-1 
UE features for CSI enhancements for multi-TRP and FeType-II deployment
In RAN1#106bis-e [2], the following preliminary set of UE features related to CSI enhancements was proposed, with a brief version of the table containing the corresponding feature groups provided below, as follows:
	Index
	Feature group
	Components
	Prerequisite feature groups
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	23-7-1
	Basic Features of CSI Enhancement for Multi-TRP
	1. Support of Maximum number of NZP CSI-RS resource pairs used as CMR (channel measurement resource) pairs for NCJT measurement hypothesis: Nmax=1
2. FFS: Support of Maximum number of NZP CSI-RS resources per CMR group: Ks,max=[2,4]
FFS others (supported options; values for X, codebook types, number of ports of CMRs, CMR sharing among NCJT and sTRP measurement hypotheses for FR1, two CMR groups with Ks=K1+K2 CMRs in CSI-RS resource set, reporting of 2 PMIs, 2 RIs and 2 Lis for NCJT measurement hypothesis …)
	FFS
	
	{Support, Not support}
	Optional with capability signalling

	23-7-2
	Support of max # of Tx ports [per source/across two CMRs] [in a resource set for Multi-TRP CSI] [and max # resources]
	[A list of supported combinations, each combination is {max # of Tx ports per source in a resource set for Multi-TRP CSI, max # resources in a resource set for Multi-TRP CSI}]

{24  ports, 32 ports}

[Note:  same number of ports among CMRs]
	
	
	{Support, Not support}
[{4, 8, 12, 16, 24, 32}]
	Optional with capability signalling

	23-7-3
	Support of max # More than two resources in a resource set for Multi-TRP CSI
	FFS exact candidate values, Ks,max  is up to 8
	
	
	{Support, Not support}
[candidate values are {2, 3, 4, 5, 6, 7, 8}]
	Optional with capability signalling

	23-7-4
	Support of Nmax=2 for Multi-TRP CSI
	[Support of maximum number 2 pairs of CMR pairs Nmax=2 resources configured in a CSI-ReportConfig for Multi-TRP CSI measurement for CSI Enhancement for Multi-TRP]
	
	
	{Support, Not support}
	Optional with capability signalling

	23-7-5
	Whether two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses CMR sharing
	[Support a NZP CSI-RS resource referred by both a CMR pair configured for NCJT measurement hypothesis and a CMR configured for Single-TRP measurement hypothesis]
[FR2 only]
	
	
	{Support, Not support}
	Optional with capability signalling

	23-9-1
	Basic Features of Further Enhanced Port-Selection Type II Codebook (FeType-II)
	1. [{Max # of Tx ports in one resource, Max # of resources and total # of Tx ports}] to support Port-selection FeType-II with Mv=1
2. Support rank 1,2
3. Support parameter combinations with Mv=21
FFS others
	FFS
	
	{Support, Not support}
	Optional with capability signalling

	23-9-1a
	Codebook concurrency of Type I codebook and Rel-17 FeType II codebook
	Supported mixed codebook types
	[23-9-1]
	
	[Codebook 1 = {Type I SP, Type I MP}
{Codebook 2, Codebook 3} = {{FeType II PS, NULL}, {Type II, FeType II PS },{eType II R=1, FeType II PS }}]
	Optional with capability signalling

	23-9-2
	Support of Mv=2 for FeType-II
	[1. Support rank 1,2]
2. Support parameter combinations with Mv=2
[3. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support Port-selection FeType-II with Mv=12]

	[23-9-1]
	
	{Support, Not support}
	Optional with capability signalling

	23-9-3
	Support of rank 3, 4 for FeType-II
	Support of rank 3, 4 for FeType-II
	[23-9-1, 23-9-2]
	
	{Support, Not support}
	Optional with capability signalling



For Feature group 23-7-1, it was agreed in RAN1#106bis-e [1] that for CSI measurement associated with a CSI-ReportingConfig for NCJT, two CMRs within the same CMR pair configured for NCJT measurement hypothesis are restricted within X continuous slot(s) without DL/UL switch between two CMRs, where X=1,2. We propose setting X=2 as a basic feature of CSI Enhancement for Multi-TRP under FG 23-7-1, whereas X=1 is set as an optional feature. 
For the basic UE FG 23-7-1 for CSI enhancements under multi-TRP, add a component indicating that two CMRs within the same CMR pair configured for NCJT measurement hypothesis are restricted within X=2 continuous slots
Add an optional UE FG 23-7-6 for CSI enhancements under multi-TRP, indicating that two CMRs within the same CMR pair configured for NCJT measurement hypothesis are restricted within X=1 slot
For Feature group 23-9-1, it was agreed in RAN1#106bis-e [1] to support R=2 conditioned on the support of Mv=2 for FeType-II codebook as a UE optional feature. In our opinion, no additional feature is needed, and the support for R=2 should be combined with FG 23-9-2. 
For the basic UE FG 23-9-1 for FeType-II codebook, add a component corresponding to the support of R=1
Add support of R=2 as an additional component of FG 23-9-2
Conclusion
This contribution discussed Rel. 17 UE features for further enhanced MIMO. Based on the discussion above we have the following proposals:
1. Remove the 2nd and the 5th components of FG 23-4
1. Update the 3rd and the 4th components of FG23-4 as follows
· Supported max number of RRC-configured PCIs different from serving cell PCI for FR1 and FR2 (X1) for the case that SSB time domain positions or periodicity of additional PCIs is not exactly the same as serving cell PCI
· Supported max number of RRC-configured PCIs different from serving cell PCI for FR1 and FR2 (X2) for the case that SSB time domain positions and periodicity are exactly the same among the additional PCIs and the same as serving cell PCI
1. For FG 23-6-2, remove the pre-requisite FG 23-6-1
1. For the basic UE FG 23-7-1 for CSI enhancements under multi-TRP, add a component indicating that two CMRs within the same CMR pair configured for NCJT measurement hypothesis are restricted within X=2 continuous slots
1. Add an optional UE FG 23-7-6 for CSI enhancements under multi-TRP, indicating that two CMRs within the same CMR pair configured for NCJT measurement hypothesis are restricted within X=1 slot
1. For the basic UE FG 23-9-1 for FeType-II codebook, add a component corresponding to the support of R=1
1. Add support of R=2 as an additional component of FG 23-9-2
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