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1. Introduction 
In RAN1#106bis-e meeting [1] and RAN1#107-e meeting [2], a list of preliminary UE features for NR FeMIMO has been achieved for further discussion. In this contribution, we present our views on UE features for NR FeMIMO and proposals for moving forward.
2. FG 23-2-1: Multi-TRP PDCCH repetition

In RAN1#106bis-e meeting [1], the following FG 23-2-1 has been achieved as a starting point for further discussion. 
	23. NR_FeMIMO
	23-2-1
	[Multi-TRP] PDCCH repetition
	1. Support of PDCCH repetition (based on two linked SS sets associated with corresponding CORESETs) [with non-SFN scheme TDM and FDM] [including PDCCH repetition for Type 3 CSS]
2. Support of reporting one [or more] number(s) as required number of BDs for the two PDCCH candidates

3. [If 3 or {2, 3} is reported in component 2, support of whether the individual candidate is monitored or not when one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET for the case that the linked PDCCH candidates is 3 BDs] [If 2 or {2,3} is reported in component 2, the individual candidate is monitored when one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET for the case that the linked PDCCH candidates is 2 BDs.]
FFS: 4. Maximum number of such overlaps in 3 Support max number of overlaps when one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate per scheduling scheduled component carrier
	
	
	
	
	
	
	
	
	Component1: details FFS  {Support, Not support}
Component2: details FFS {2, 3, [{2,3}]}
Component3: details FFS  {monitored, not monitored}
Component4: details FFS
[Note: UE supports PDCCH repetition for the following (basic) PDCCH monitoring capability: For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot]
	Optional with capability signalling


Basically, the number of components is proper for PDCCH repetition. However, for component 2, currently, we have only agreed that UE can report one number as required number of BDs for the two PDCCH candidates and reporting more numbers hasn’t been agreed. Therefore, we suggest the “or more” in the square blankets in component 2 should be deleted.
	Agreement @RAN1#104b-e
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, support
· UE reports one [or more] number(s) as required number of BDs for the two PDCCH candidates

· Candidate values: 2, 3.

· FFS: Default behaviour

· FFS: Whether one of the candidate values imply that UE supports soft combining

· FFS: Whether additional candidate values are supported (e.g. non-integer numbers)

· FFS: RRC configuration based on reported UE capability


Proposal 1: Delete the “or more” in the square blankets in component 2 for FG 23-2-1.

For the component 3 in FG 23-2-1, we think the number of BDs should not be tied with whether the individual PDCCH candidate is monitored or not for the case of overlapping. Because even if 3 BDs is reported in component 2, it can not be mandatory that the UE can perform two individual decoding and one soft combing. Some UE may still need 3BDs for one individual decoding and one soft combing, so whether the individual candidate can be monitored or not should be reported even if 3BDs is reported as required number of BDs for the two PDCCH candidates. Therefore, the wording of component 3 could be simple and the description of BD should be deleted. For example, “Support of whether the individual candidate is monitored or not when one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET” is enough for component 3.
Proposal 2: The description of BD in component 3 should be deleted for FG 23-2-1.

3. FG 23-3-1: Multi-TRP PUSCH repetition

In RAN1#106bis-e meeting [1], the following FG 23-3-1 has been achieved as a starting point for further discussion .
	23. NR_FeMIMO
	23-3-1
	Multi-TRP PUSCH repetition (type A)
	1. Support of multi-TRP PUSCH repetition (based on PUSCH repetition type A and B)

[2. Support of cyclic mapping when the number of repetitions is larger than 2 for single DCI based M-TRP PUSCH repetition Type A and B,]
[3. Support of second TPC field for per TRP closed-loop power control for PUSCH with DCI formats 0_1 / 0_2]
[4. Support of PHR reporting related to M-TRP PUSCH repetition (calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.)]
[5. Support of CG PUSCH transmission towards M-TRPs using a single CG configuration (Use same beam mapping principals as dynamic grant PUSCH repetition scheme.)]
[6. support of sequential mapping for single for single DCI based M-TRP PUSCH repetition Type A]

[7. The maximum number of PHR reporting across all CCs (including those related to M-TRP PUSCH repetition and the legacy Rel-15/16 PUSCH transmission)]
[8. Support of A-CSI report on two PUSCH repetitions]

[9. Support of SP-CSI report on two PUSCH repetitions]

[10: Support dynamic switching between multi-TRP PUSCH scheme and single-TRP PUSCH transmission]

[11. Support PUSCH operations: CB based and NCB based and corresponding parameters including number of SRS resources]


For the UE capability reporting for cyclic or sequential mapping for PUSCH repetition, the following agreement is achieved:
Agreement @RAN1#104b-e
Confirm the following working assumption (with removing the last bullet):

For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.

· FFS: Support of half-half mapping. 

· FFS: Additional considerations on mapping patterns (including required beam switching gaps) 

From our understanding, the support of sequential mapping is a basic capability if the UE supporting multi-TRP PUSCH repetition type A, so component 6 should be one of the basic components for FG 23-3-1. However, the support of cyclic mapping is optional UE feature for the cases when the number of repetitions is larger than 2, in other words, UE may support multi-TRP PUSCH repetition type A but cannot support cyclic mapping, so component 2 should be separated from FG 23-3-1.
Proposal 3: Separate component 2 from FG 23-3-1.

4. FG 23-3-2: Multi-TRP PUCCH repetition

In RAN1#106bis-e meeting [1], the following FG 23-3-2 has been achieved as a starting point for further discussion. 
	23. NR_FeMIMO
	23-3-2
	Multi-TRP PUCCH repetition
	1. Support of PUCCH repetition scheme 1 (inter-slot repetition)

2. Support of PUCCH repetition scheme 3 (intra-slot repetition)

3. Support of cyclic mapping for beam mapping/power control parameter set mapping [when the number of repetitions is larger than 2] for PUCCH repetitions scheme 1 and 3 when the number of repetitions is larger than 2
4. Support of second TPC field for per TRP closed-loop power control for PUCCH with DCI formats [1_0] / 1_1 / 1_2


Similar as multi-TRP PUSCH repetition, the support of sequential mapping is a basic capability if the UE supporting multi-TRP PUSCH repetition type A, so “Support of sequential mapping for multi-TRP PUCCH repetition” should be also one of the basic components for FG 23-3-2. Furthermore, the support of cyclic mapping is optional UE feature for the cases when the number of repetitions is larger than 2, so component 3 should be separated from FG 23-3-2.
Proposal 4: Add following component in FG 23-3-2

Support of sequential mapping for multi-TRP PUCCH repetition

Proposal 5: Separate component 3 from FG 23-3-2.

5. FG 23-5-X: Multi-TRP beam management
In RAN1#106bis-e meeting [1], the following FG 23-5-1and FG 23-5-2 have been achieved as a starting point for further discussion. 
	23. NR_FeMIMO
	23-5-1
	Group based L1-RSRP reporting enhancements
	1. Support a single L1-RSRP reporting instance consisting of N beam groups and M=2 beams per [pair/group] [in one report instance]
2. [Support of enhanced group-based reporting for Rel-17 M-TRP]

3. [Maximum number of SSB and CSI-RS resources for measurement in both CMR sets within a slot across all CCs]

4. [Maximum number of configured SSB and CSI-RS resources for measurement in both CMR sets across all CCs]

5. [Support beam measurement on two CMR resource sets]

6. [Support of enhanced group-based reporting for Rel-17 intra-cell and inter-cell mTRP]

	23. NR_FeMIMO
	23-5-2
	MTRP BFR enhancements
	1. Support of the maximum number of BFD-RS resources per set

2. [Support of Rel-17 M-TRP BFR based on two BFD-RS sets]  

3. [Maximum number of CSI-RS resources of both BFR-RS sets across all CCs] 

4. [Maximal number of different SSBs of both BFD-RS sets across all CCs] 

5. [Maximal number of different CSI-RS and/or SSB resources of both NBI-RS sets across all CCs]

6. [Support up to two PUCCH-SR resources for MTRP BFRQ]

7. [Supported maximum number of BFD-RS resources across two BFD-RS sets per BWP]

8. [Support of [single DCI/multi-DCI] based BFR enhancement]


For FG 23-5-1, we think components 2 and 5 need to be supported for M-TRP group based L1-RSRP reporting, hence we propose to remove components 2 and 5. For MTRP BFR, we have the following agreements.

Agreement(RAN1#104)
For M-TRP BFR

· Support 2 BFD-RS sets per BWP, and up to N resources per BFD-RS set

· FFS: value of N (e.g. fixed in specification, or UE capability)

· FFS: number of BFD RSs across all BFD-RS sets per DL BWP (e.g. fixed maximum value or UE capability)
Agreement(RAN1#106)
The maximum number of BFD-RS resources per set is a UE capability, including a possible candidate value of 1 in Rel.17. 

Based on the above agreement, we think component 2 should be supported for MTRP BFR, hence it can be removed. For component 1, it can be revised as “Support of the maximum number of BFD-RS resources per set per BWP”.
Proposal 6: Remove components 2 and 5 for FG 23-5-1.

Proposal 7: Remove component 2 for FG 23-5-2.

Proposal 8: Revise component 1 for FG 23-5-2 as “Support of the maximum number of BFD-RS resources per set per BWP”.
6. FG 23-7-1: Basic Features of CSI Enhancement for Multi-TRP
In RAN1#107-e meeting [2], the following FG 23-7-1 has been achieved as a starting point for further discussion in RAN1#107bis-e meeting. 

	23. NR_FeMIMO
	23-7-1
	Basic Features of CSI Enhancement for Multi-TRP
	1. Maximum number of NZP CSI-RS resource pairs used as CMR (channel measurement resource) pairs for NCJT measurement hypothesis:  Nmax=1
2. FFS: Maximum number of NZP CSI-RS resources in one CSI-RS resource set per CMR group: Ks,max=[2,4] 
3. CSI report mode selection

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 …)


About the component 2, we think the maximum number of NZP CSI-RS resources should be included as a basic feature for Multi-TRP CSI enhancement. In addition, at least in FR2, if the CMR sharing between Single-TRP and NCJT is not supported, the Ks,max should be equal to or larger than 4, since two NZP CSI-RS resources are used for NCJT measurement hypothesis and another two NZP CSI-RS resources are used for two different Single-TRP measurement hypothesis.
Proposal 9: Maximum number of NZP CSI-RS resources should be included in FG 23-7-1 and the Ks,max should be equal to or larger than 4.
7. Conclusion
Proposal 1: Delete the “or more” in the square blankets in component 2 for FG 23-2-1.

Proposal 2: The description of BD in component 3 should be deleted for FG 23-2-1.

Proposal 3: Separate component 2 from FG 23-3-1.

Proposal 4: Add following component in FG 23-3-2

Support of sequential mapping for multi-TRP PUCCH repetition

Proposal 5: Separate component 3 from FG 23-3-2.

Proposal 6: Remove components 2 and 5 for FG 23-5-1.

Proposal 7: Remove component 2 for FG 23-5-2.

Proposal 8: Revise component 1 for FG 23-5-2 as “Support of the maximum number of BFD-RS resources per set per BWP”.
Proposal 9: Maximum number of NZP CSI-RS resources should be included in FG 23-7-1 and the Ks,max should be equal to or larger than 4.

8. References

[1] 3GPP RAN1#106bis-e RAN1 Chairman’s Notes, Oct. 2021.
[2] 3GPP RAN1#107-e RAN1 Chairman’s Notes, Nov. 2021.

