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Introduction
In this contribution, we will discuss the UE feature for Rel-17 eMIMO.
Discussion
1.1. UE feature for multi-beam Operation
In RAN107 meeting, we made the following agreement on UE feature for unified TCI framework:
	Agreement: 
· [bookmark: _Hlk88173311]The following are the components of the feature “joint TCI for intra-cell operation”
1. Joint DL/UL TCI update with their components: (configuration mechanism, [QCL rules,] applicable source and target signals, MAC-CE -based TCI]  activation assignment) 
1. Common cross multi-CC TCI update and activation (involving RRC common TCI state pool)
1. Association between TCI state and UL PC settings except for PL RS [for PUCCH, PUSCH, and SRS] 
1. Beam misalignment between the DL source RS in the TCI state to provide spatial relation indication and the PL-RS 
1. [MAC-CE+DCI-based TCI state indication (including TCI state activation, use of DCI formats 1_1/1_2 with and without DL assignment)]
1. [TCI states pool for configured reference BWP/CC shared by a set of BWP/CC]
1. [Maximum number of CCs configured with BFR]
1. [R17 mechanism reusing R15/16 signalling to indicate R17 TCI for individual DL channel/RS that cannot share the same unified TCI as UE-dedicated PDCCH/PDSCH]
1. [Configuration of both R17 TCI and R15/16 TCI and spatial relation]
1. The maximum number of configured joint TCI state pools across all BWPs and all CCs in a band
1. [The maximum number of configured joint TCI states across all BWPs and all CCs in a band]
1. [The maximum number of configured joint TCI states per CC [in a band]]
1. [Support The maximum number of MAC-CE activated joint TCI states [per BWP per CC/across all BWPs and all CCs in a band]]
1. [Support any Whether a particular DL RS that is a valid target DL RS of a Rel-15/16 TCI state based on the Rel-15/16 QCL rules can be configured as a target DL RS of Rel-17 DL TCI (hence the Rel-17 DL TCI state pool)]
1. [The minimum beam application time between PUCCH of ACK and the first slot in Y symbols per SCS]
1. [The minimum time gap between the beam indication PDCCH and first slot where beam is applied]
· This list gives no guidance as to how to group these components into FGs. They may be mapped to one or more FGs and one or more of these FGs may be agreed as basic. Specifically, different FGs can be grouped together through notes “a UE supporting this FG must also support FG 23-x-y”. This allows to create “basic” FGs while allowing, e.g., different types for different components/candidate values.
· The purpose of this list is to find the individual components without having to worry about the signalling structure


On each of the components included in previous agreement, we have the following discussion:
· For component 1: the QCL rule shall be removed. Rel-17 does not change the QCL rule definition. So there is no need to include the QCL rule in UE feature. It is preferred to keep the MAC CE-based TCI indication there.
· For component 5: it is preferred to include component 5 in FG. The UE can report the supporting of MAC CE-based TCI state indication or MAC CE+ DCI-based TCI state indication.
· For component 6: it shall be kept. Sharing TCI state pool configured in a reference BWP/CC shall be optional feature for multi-CC TCI state indication.
· For component 7: we propose to remove it because that is not part of the functions designed in rel17 unified TCI framework.
· For component 8: we propose to keep it.  Reusing the existing beam indication mechanism to indicate a rel17 TCI state to PDCCH or CSI-RS resource is new function that is introduced in rel17. Accordingly, new UE feature component shall be introduced for that. 
· For component 9: It needs more discussion. At least, it shall be discussed together with component 8 because both of them are about the TCI state on DL channel/CSI-RS that do not share the rel17 unified TCI state. 
· For components 11, 12 and 13: we prefer to keep them.
· For component 14: it shall be discussed together with component 8 because both of them are about the TCI state for DL channel or CSI-RS that do not share the rel17 unified TCI state.
· For component 16: it shall be kept due to the RAN1 agreement:
	Agreement
On Rel-17 DCI-based beam indication, regarding application time of the beam indication, the first slot that is at least X ms or Y symbols after the last symbol of the acknowledgment of the joint or separate DL/UL beam indication.
· Note: The gap between the last symbol of the beam indication DCI and that first slot shall satisfy the UE capability


               If the common understanding on this is that rel.15 UE capability of timeDurationForQCL is applied here, then we can change the wording of component 16 to the following to clarify this common understanding:
16. The minimum time gap between the beam indication PDCCH and first slot where beam is applied, here the rel15 UE capability timeDurationForQCL is reused.
Proposal 1: On UE features for unified TCI framework:
· For component 1: remove ‘QCL’ and keep ‘MAC-CE based TCI’
· Keep components 5, 6, 11, 12 and 13.
· For components 8,9 and 14: they shall be discussed together.  
· Remove component 7.
· Keep and revise component 16 to: “16.The minimum time gap between the beam indication PDCCH and first slot where beam is applied, here the rel15 UE capability timeDurationForQCL is reused” to clarify that rel15 timeDurationFor QCL is reused here.
1.2. UE feature for Multi-TRP Deployment
2.2.1	UE feature for enhancements on multi-TRP for PDCCH, PUCCH and PUSCH
For 23-2-2 on determining two QCL-TypeD for overlapping CORESETs in the same CC or for intra-band CA which is introduced to support PDCCH repetition from multi-TRP. Hence it is reasonable to remove the bracket in FG 23-2-2.
Proposal 2: Support of determining two QCL-TypeD for overlapping CORESETs in the same CC or for intra-band when UE is configured with PDCCH repetition.

	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]



In component 6, we think support of sequential mapping for single DCI based M-TRP PUSCH repetition Type A is mandatory and it should be removed from UE feature.
Proposal 3: For FG 23-2-1, suggest to remove component 6“ support of sequential mapping for single DCI based M-TRP PUSCH repetition Type A”.
2.2.2	UE feature for enhancements on multi-TRP inter-cell operation
In the past meeting, two independent X values are agreed as UE capability for two assumptions on SSB time domain position and periodicity with respect to serving cell SSB. The candidate values for X1 and X2 were also discussed including value of 0. From UE perspective, case 2 is optional and X2 can be reported as 0 considering potential complexity for rate-matching. Hence, for UE supporting inter-cell mTRP, X1=1 should be mandatory while X2 can be optional to be reported. For UE without reporting X, the default capability can be {X1=1 and X2=0}.
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 includes at least 0,1,2,3 and 7. FFS on other values
This UE capability has FR1 and FR2 differentiation (FFS : Whether this UE capability is per UE or per band)

Proposal 4: Support {X1=1, X2=0} as the default UE capability for UE supporting inter-cell mTRP.
2.2.3	UE feature for enhancements on beam management for multi-TRP
For enhanced group-based beam reporting, we have the FG 23-5-1:
	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]


For component 2: it shall be removed because enhanced group-based beam reporting was not designed for inter-cell mTRP.   Components 3 and 4 shall be kept because they are about the number of CMR resources that the UE is capable of measuring.  For component 5: we prefer to remove it since configuring two CMR sets is one basic component for enhanced group-based beam reporting in rel17.  For component 6: we prefer to remove it for the same reason as component 2. 
Proposal 5: On FG23-5-1:
· Remove components 2 and 6.
· Keep components 3 and 4.
· Remove component 5.
For per-TRP BFR, we have the FG 23-5-2:
	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 component 2: it shall be removed because the basic function of FG 23-5-2 is per-TRP BFR. For components 3, 4, 5 and 7: we are fine to keep them. For component 6: the current description is not accurate and we do not think it is needed too. If it is kept, we suggest to change it to “6. The maximum number SR configuration for MTRP BFR”. For component 8: it is not needed.
Proposal 6: On FG23-5-2:
· Keep components 3/4/5/7.
· Remove component 2 and 8.
· For component 6: remove it or change it to “the maximum number of SR configurations for MTRP BFR”
2.2.4	UE feature for enhancements on HST-SFN deployment
Since SFN transmission can be configured to PDSCH and PDCCH jointly or separately, default TCI states are respectively defined for different configuration cases, e.g. different DCI format (with or without TCI field), different SFN configuration (SFN/S-TRP PDCCH+ SFN/S-TRP PDSCH) and different TCI state parameter (enableTwoDefaultTCIStates configured or not). Additional UE complexity is needed for UE to additionally support an amount of default TCI states. Furthermore, for some of the cases, UE needs to support dynamic switching between S-TRP and SFN transmission. Hence, separate UE capability is needed for support of default TCI state for each of the cases. 
Proposal 7: Separate optional capability is reported by UE for support of default TCI state for each agreed case when CORESET or PDSCH is configured with SFN transmission. 
1.3. UE feature for enhancements on SRS flexibility, coverage and capacity
In Rel-17 SRS discussion, some enhancements are introduced for various areas, e.g., the flexible SRS triggering, antenna switching, extended SRS repetition, RB-level partial frequency sounding, Comb-8 SRS. Based on the new features agreed so far, we suggest to consider the UE features listed in the following proposal: 
Proposal 8: For Rel-17 SRS enhancement, support the UE features as below:
· 23-8-1
· Suggest to remove “[and dynamically based on Rel-17 introduced new field in DCI Format 0_1/0_2/1_1/1_2]” as the available slot can be indicated by RRC or DCI
· 23-8-3
· candidates are
· t1r1-t1r2-t1r4-t1r6  (1T6R)
· t1r1-t1r2-t1r4-t1r8  (1T8R)
· t1r1-t1r2-t2r2-t2r4-t2r6 (2T6R)
· t1r1-t1r2-t2r2-t2r4-t2r8 (2T8R)
· t1r1-t2r2-t4r4-t4r6 (4T6R)
· t1r1-t2r2-t4r4-t4r8  (4T8R)
· 23-8-7
· Suggest to remove “across different SRS frequency hopping periods for periodic/semi-persistent SRS” since there is not ambiguity and keep the description concise
1.4. UE feature for CSI enhancements on MTRP and FR1 FDD reciprocity
It was agreed that UE can report the maximal supported number of CMRs within a set as Ks,max. In FR1, the same CMRs can be reused for S-TRP and NC-JT, and Ks=2 can satisfy most use cases for M-TRP. In FR2, if UE supports CMR sharing between S-TRP and NC-JT or if UE only supports option 1 with X=0, it can also report Ks,max=2 as the minimal capability. Hence, for UE capability, the minimal supported value of Ks,max should be 2. 
Proposal 9: Support at least the following basic features for mTRP CSI:
	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. Maximum number of NZP CSI-RS resources in one CSI-RS resource set: Ks,max=2
3. Supported number of CSI-RS ports per CMR within a CMR pair
4. Supported CSI report mode
	FFS
	
	
	
	[Per band / per BC]
	
	
	
	Component 3 candidate value set: {2, 4, 8,12,16, 24,32} 

Component 4 candidate value set: {mode 1 with X=0, mode 2, both}

Note: ‘NCJT’ is not used in RAN1 specifications and will be aligned with 38.214
	Optional with capability signalling



Proposal 10: Support the following features as separate FG:
· Maximum number of NZP CSI-RS resource pairs used as CMR pairs for NCJT measurement hypothesis:  Nmax=2
· Maximum number of NZP CSI-RS resources in one CSI-RS resource set other than 2, with candidate values of {4, 6, 8}
· Supported CSI report mode 1 other than X=0, with candidate values of {mode 1 with X=1, mode 1 with X=2, both}
· [bookmark: _GoBack]CMR sharing for FR2
Conclusion
In this contribution, we discuss the UE feature for eMIMO enhancement in Rel-17 with the following proposals:
Proposal 1: On UE features for unified TCI framework:
· For component 1: remove ‘QCL’ and keep ‘MAC-CE based TCI’
· Keep components 5, 6, 11, 12 and 13.
· For components 8,9 and 14: they shall be discussed together.  
· Remove component 7.
· Keep and revise component 16 to: “16.The minimum time gap between the beam indication PDCCH and first slot where beam is applied, here the rel15 UE capability timeDurationForQCL is reused” to clarify that rel15 timeDurationFor QCL is reused here.
 Proposal 2: Support of determining two QCL-TypeD for overlapping CORESETs in the same CC or for intra-band when UE is configured with PDCCH repetition.
Proposal 3: For FG 23-2-1, suggest to remove component 6“ support of sequential mapping for single DCI based M-TRP PUSCH repetition Type A” .
Proposal 4: Support {X1=1, X2=0} as the default UE capability for UE supporting inter-cell mTRP.
Proposal 5: On FG23-5-1:
· Remove components 2 and 6.
· Keep components 3 and 4.
· Remove component 5.
Proposal 6: On FG23-5-2:
· Keep components 3/4/5/7.
· Remove component 2 and 8.
· For component 6: remove it or change it to “the maximum number of SR configurations for MTRP BFR”
Proposal 7: Separate optional capability is reported by UE for support of default TCI state for each agreed case when CORESET or PDSCH is configured with SFN transmission. 
Proposal 8: For Rel-17 SRS enhancement, support the UE features as below:
· 23-8-1
· Suggest to remove “[and dynamically based on Rel-17 introduced new field in DCI Format 0_1/0_2/1_1/1_2]” as the available slot can be indicated by RRC or DCI
· 23-8-3
· candidates are
· t1r1-t1r2-t1r4-t1r6  (1T6R)
· t1r1-t1r2-t1r4-t1r8  (1T8R)
· t1r1-t1r2-t2r2-t2r4-t2r6 (2T6R)
· t1r1-t1r2-t2r2-t2r4-t2r8 (2T8R)
· t1r1-t2r2-t4r4-t4r6 (4T6R)
· t1r1-t2r2-t4r4-t4r8  (4T8R)
· 23-8-7
· Suggest to remove “across different SRS frequency hopping periods for periodic/semi-persistent SRS” since there is not ambiguity and keep the description concise
Proposal 9: Support at least the following basic features for mTRP CSI:
	23. NR_FeMIMO
	23-7-1
	Basic Features of CSI Enhancement for Multi-TRP
	5. Maximum number of NZP CSI-RS resource pairs used as CMR (channel measurement resource) pairs for NCJT measurement hypothesis:  Nmax=1
6. Maximum number of NZP CSI-RS resources in one CSI-RS resource set: Ks,max=2
7. Supported number of CSI-RS ports per CMR within a CMR pair
8. Supported CSI report mode
	FFS
	
	
	
	[Per band / per BC]
	
	
	
	Component 3 candidate value set: {2, 4, 8,12,16, 24,32} 

Component 4 candidate value set: {mode 1 with X=0, mode 2, both}

Note: ‘NCJT’ is not used in RAN1 specifications and will be aligned with 38.214
	Optional with capability signalling



Proposal 10: Support the following features as separate FG:
· Maximum number of NZP CSI-RS resource pairs used as CMR pairs for NCJT measurement hypothesis:  Nmax=2
· Maximum number of NZP CSI-RS resources in one CSI-RS resource set other than 2, with candidate values of {4, 6, 8}
· Supported CSI report mode 1 other than X=0, with candidate values of {mode 1 with X=1, mode 1 with X=2, both}
· CMR sharing for FR2

