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Introduction
This contribution provides Samsung’s views on Rel.17 UE features for FeNR-MIMO.

Enhancements on Multi-beam Operation
Regarding FG 23-1-1, this is the feature that enables the unified TCI framework for intra-cell and inter-cell beam management. We agree with the components of this feature, namely:
· Support of joint TCI beam indication and separate TCI state beam indication. In relation to this, we propose the following:
· Add a UE capability for the maximum number of activated TCI states. Note that the number of activated TCI states is configurable by the NW. Whether the maximum number is defined separately for different TCI types (joint, DL-only, and UL-only) or as a total number of TCI states (across all configured TCI types) can be discussed further. This also depends on whether, e.g. UL TCI shares the same pool as joint (hence DL) TCI.
· To avoid unnecessary complication/fragmentation, all Rel-17 UEs support both joint TCI and separate DL/UL TCI (i.e. there shouldn’t be separate UE capabilities for the two).
· Support of association between TCI state and UL PC settings including PL-RS. Whether a UE capability on the maximum number of path-loss RS per component carrier (CC) a UE can support is needed or not can be discussed further.
· Support of MAC CE/DCI based beam indication (with MAC CE based beam indication as a special case when only one TCI state is activated). To avoid unnecessary complication/fragmentation, all valid DCI formats (1_1/1_2 with and without DL assignment) should be supported by all Rel-17 UEs.  
In addition, the following should also be included:
· Support of common beam indication across a group of carriers, including support of configuration of TCI state pool in a reference BWP/CC. 
· A UE capability for minimum beam activation latency (Y symbols). The candidate values for the minimum Y can be discussed further. Note that Y is configurable by the NW.   

Proposal 1: Add a UE capability for the maximum number of activated TCI states.
Proposal 2: Whether a UE capability on the maximum number of path-loss RS a UE can support per CC is needed or not can be discussed further.
Proposal 3: FG 23-1-1 to include support of common beam indication across a group of carriers including support of configuration of a TCI state pool in a reference BWP/CC.

Proposal 4: FG 23-1-1 to include a UE capability for the minimum beam activation latency.

Regarding FG 23-1-2, this feature should cover both inter-cell beam measurement and reporting and inter-cell beam indication. We should rename this feature to support of inter-cell beam management. Hence, in addition to the two components listed for FG 23-1-2, namely:
· Support of beam measurement and reporting on SSBs of cells with PCI different from that of the serving cell. Include a UE capability on maximum number of cells with PCI(s) different from that of the serving cell the UE can measure.
· Support beam reporting for up to  beams (SSBRI-RSRP pairs) including beams with cells with PCI(s) different from that of the serving cell.
In addition, the following should be cover by FG 23-1-2:
· Activation of TCI states associated, through indirect QCL Type-D relation, with SSBs of cells with PCI different from that of the serving cell. Include a UE capability on maximum number of cells with different PCIs (including the serving cell) the activated TCI states can be associated with.
Proposal 5: Rename FG 23-1-2 to “support of inter-cell beam management”.
Proposal 6: Add a UE capability on maximum number of cells with PCI(s) different from that of the serving cell the UE can measure.
Proposal 7: FG 23-1-2, to include support of activation of TCI states associated, through indirect QCL Type-D relation, with SSBs of cells with PCI different from that of the serving cell.
Proposal 8: Add a UE capability on maximum number of cells with different PCIs the activated TCI state can be associated with.

Pending progress in RAN1, we can consider adding feature 23-1-4 for enhanced UE multi-panel support.

Enhancements for Multi-TRP Deployment
1.1 Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH
PDCCH enhancement
Regarding FG 23-2-1 for supporting PDCCH repetition, the name of the FG would be PDCCH repetition (i.e., removing “Multi-TRP”) since single-TRP based PDCCH repetition is also agreed on this agenda item based on the definition of PDCCH repetition (two linked SS sets associated with corresponding CORESET(s) and the corresponding CORESET(s) can be both same and different CORESETs). Also, in order to have fine granularity of UE capability reporting, the reporting level can be per FSPC.
Proposal 9: Modify the name of FG 23-2-1 as PDCCH repetition (i.e., removing “Multi-TRP”).
Proposal 10: Support FG 23-2-1 per FSPC.
Regarding FG 23-2-2 in [2] which is related to identify two QCL-TypeD for PDCCH repetition, an extra condition is necessary to acknowledge the fact that no UE would be able to do simultaneous reception of ‘any’ two QCL-TypeD. Such pre-requisite capability is needed, e.g., Rel-16 16-2c Simultaneous reception with different Type-D, and the existing ‘groupBasedBeamReporting’ can be utilized for this purpose.
Proposal 11: Support FG 16-2c (Simultaneous reception with different Type-D) as a pre-requisite UE capability for FG 23-2-2 per band level and FR2 only.

PUCCH/PUSCH enhancement
In our view, similar to single-DCI based mTRP PDSCH repetition (TDM schemes) in Rel-16, UE capability signalling for single-DCI based PUCCH/PUSCH repetition can be supported per band level. 
Proposal 12: Support UE capability signaling of single-DCI based multi-TRP PUCCH repetition per band level.
Proposal 13: Support UE capability signaling of single-DCI based multi-TRP PUSCH repetition per band level.

In RAN1#106-e, PHR per TRP is UE optional capability in Rel-17. Therefore, we can split component#4 in FG 23-3-1 as optional capability and add new UE capability signalling for that. And also prerequisite feature group of new UE capability signalling for enhanced PHR can be FG 23-3-1.
Proposal 14: Split component#4 in FG 23-3-1 and support UE capability signaling of PHR reporting related to multi-TRP PUSCH repetition per UE.

For both mTRP PUCCH scheme(s) and mTRP PUSCH scheme, dynamic switching with new DCI field is supported. So, new components for dynamic switching are required respectively. So, dynamic switching should be defined in FG 23-3-1 and 23-3-2 respectively.
Proposal 15: Define dynamic switching for PUCCH and PUSCH in FG 23-3-1 and FG 23-3-2 respectively.
For multi-TRP PUCCH/PUSCH repetition, support separate power control per TRP for PUCCH and PUSCH. So, the separate power control per TRP can be captured in new UE capability signalling. In addition, the enhancement on TPC can be moved into the new UE capability signalling for separate power control. Additionally, for multi-TRP PUSCH repetition, enhancement on OLPC with the second p0-PUSCH-SetList-r16 can be component of new UE capability signalling. So, define new UE capability signalling as FG 23-3-1b and FG 23-3-2b to support separate power control per TRP for PUSCH and PUSCH respectively. Components for enhancement on TPC and enhancement on OLPC can be parts of new UE capability signalling. 
Proposal 16: Define new UE capability signalings, FG 23-3-1b and FG 23-3-2b, to support separate power control per TRP for PUCCH and PUSCH respectively.
Proposal 17: Move component#3 in FG 23-3-1 to FG 23-3-1b and move component#4 in FG 23-3-2 to FG 23-3-2b.
Proposal 18: Define indicating per-TRP OLPC set in FG 23-3-1b.

1.2 Enhancements on Multi-TRP inter-cell operation
Regarding FG 23-4, for (1), it is not agreed in RAN1 to use RRC TCI state configuration or other (new) RRC signaling(s) to indicate other cell(s) information. Furthermore, we do not think that the RRC signaling should be included in the FG. For (2), we support X>1, though detailed signaling of X is still under discussions in RAN1 (i.e., reporting of a single X value or more than one X values).
  Proposal 19: Support X>1 (the maximum number of RRC configured PCIs different from the serving cell PCI) in FG 23-4 as a UE optional feature.

1.3 Enhancements on beam management for multi-TRP
Proposal 20: Support 23-5-1, i.e., the maximum number of reported beam groups, as a UE optional feature.
Proposal 21: Support 23-5-2, i.e., the maximum number of BFD RS resources in a BFD RS set, as a UE optional feature.

1.4 Enhancements on HST-SFN deployment
Regarding FG 23-6-1 (for scheme 1), the TCI indication method which was agreed as Variant E meaning that both TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA) should be included as a component. Also, regarding FG 23-6-2 (for TRP based pre-compensation), it also needs additional component identifying the TCI indication method at least for Variant A meaning that one of the TCI state can be associated with {average delay, delay spread} and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA). Further, both two FG 23-6-1 and 23-6-2 should have same structure for support of PDCCH and PDSCH (separate components as in current FG 23-6-1 or combined component as in current FG 23-6-2).
Proposal 22: Add a component supporting Variant E (Both TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)) in FG 23-6-1.
Proposal 23: Add at least a component supporting Variant A (one of the TCI state can be associated with {average delay, delay spread} and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)) in FG 23-6-2.
Proposal 24: Align a structure of component for supporting of scheme 1 and TRP based pre-compensation for PDCCH and PDSCH (defining separate components as in current FG 23-6-1 or combined component as in current FG 23-6-2).
Regarding a new required UE feature identifying two QCL-TypeD properties for SFNed PDCCH, since there are ongoing separate discussions for PDCCH repetition and SFNed PDCCH in PDCCH enhancement and HST-SFN agendas, respectively, but it is expected to make an aligned solution for both, our view is that FG 23-2-2 in PDCCH enhancement can be reused for the purpose of identifying two QCL-TypeD properties to receive SFNed PDCCH which two TCIs have been activated on a CORESET.
Proposal 25: Re-use FG 23-2-2 as identifying two QCL-TypeD properties for SFNed PDCCH.
Regarding FG 23-6-4, since all new default beam behaviors are included in a single FG so far, we would like to suggest to split this FG as three separate feature groups and each feature group can have their own purpose to support how many numbers of default beams and which direction of default beam.
Proposal 26: Split FG 23-6-4 as three separate feature groups and all three feature groups are FR2 only: 
· Components 1 and 3 as a single feature group to require a new default beam behavior with a single default DL beam
· Components 2 to require a new default beam behavior with two default DL beams
· Components 4, 5, and 6 to require a new default beam behavior with a single default UL beam.

Enhancements on SRS flexibility, coverage and capacity
Regarding FG 23-8-4 supporting maximum 2 semi-persistent SRS resource sets for antenna switching, some notes are needed for necessary conditions included in the corresponding agreement.
Proposal 27: Add the following notes in FG 23-8-4.
· Note: the two SP-SRS resource sets are not activated at the same time
· For each xTyR antenna switching (except for 4T6R if supported), each periodic or semi-persistent resource set contains y/x resources.
Regarding FG 23-8-6 supporting partial frequency sounding of SRS, since FG 23-8-8 defines Comb-8 SRS, the word “RB-level” would be added in the name of FG 23-8-6. Similar modification can be applied to FG 23-8-7 as well.
Proposal 28: Modify the name of FG 23-8-6 as RB-level partial frequency sounding of SRS amd FG 23-8-7 as Start RB location hopping for RB-level partial frequency SRS (i.e., adding “RB-level”).

CSI enhancements: MTRP and FR1 FDD reciprocity
Multi-TRP CSI
Proposal 29: Support 23-7-1, i.e., basic features of CSI enhancement for Multi-TRP.
· Support Nmax=1 as a component of UE basic feature for Multi-TRP CSI
· Include CSI report modes, i.e., Mode 1 (Option 1) with X=0 and Mode 2 (Option 2), as a component of UE basic feature for mTRP CSI
· For FR1 include CMR sharing between NCJT and sTRP measurement hypotheses as a component of UE basic feature 
· Include supporting two CMR groups with Ks=K1+K2 CMRs as a component of UE basic feature.  
· Include reporting 2 PMIs, 2 RIs, and 2 LIs for NCJT measurement hypothesis as a component of UE basic feature 
Proposal 30: Support 23-7-2, i.e., the maximum number of Tx ports per resource in a resource set for Multi-TRP CSI, as UE optional feature.
· Support {24, 32} as UE optional feature
Proposal 31: Support 23-7-3, i.e., the maximum number of resources in a resource set for Multi-TRP CSI (Ks,max), as UE optional feature. 
· Default Ks,max can be set as:
· Ks,max=8 for FR2 when CMR sharing between sTRP and NCJT measurement hypotheses is disabled (not enabled).  
· Ks,max=4 for FR2 when CMR sharing is enabled and for FR1. 
Proposal 32: Support 23-7-4, i.e., the maximum number of CMR pairs (Nmax), as UE optional feature
· Support Nmax=2 as UE optional feature
Proposal 33: Support 23-7-5, i.e., whether two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses, as UE optional feature.   
Proposal 34: Support CSI report based on Mode 1 (Option 1) with X=1,2 as UE optional feature. 



FDD CSI
Similar to Rel.16 FG 16-3b, we prefer to add the following components into FG 23-9-1:
· support for rank 1-2, and 
· parameter combinations with Mv=1

Regarding FG 23-9-2:
· similar to Rel. 16 FG 16-3a-2, we propose to add a component: parameter combinations with Mv=2
· as discussed [3], the support of Mv=2 for large number of CSI-RS ports should be based on additional UE capability signaling
· also, Mv=2 should be supported only for rank 1-2

Regarding FG 23-9-2:
· should be supported only for parameter combinations with Mv=1

Proposal 35: add the following components
· FG 23-9-1: basis FG on Rel. 17 codebook
· support for rank 1-2
· parameter combinations with Mv=1
· FG 23-9-2: support of Mv=2
· parameter combinations with Mv=2
· maximum number of CSI-RS ports
· supported for rank 1-2
· FG 23-9-3: support of rank 3-4
· supported for parameter combinations with Mv=1

Conclusion
In this contribution, the following proposals are given: 

Proposal 1: Add a UE capability for the maximum number of activated TCI states.
Proposal 2: Whether a UE capability on the maximum number of path-loss RS a UE can support per CC is needed or not can be discussed further.
Proposal 3: FG 23-1-1 to include support of common beam indication across a group of carriers including support of configuration of a TCI state pool in a reference BWP/CC.
Proposal 4: FG 23-1-1 to include a UE capability for the minimum beam activation latency.
Proposal 5: Rename FG 23-1-2 to “support of inter-cell beam management”.
Proposal 6: Add a UE capability on maximum number of cells with PCI(s) different from that of the serving cell the UE can measure.
Proposal 7: FG 23-1-2, to include support of activation of TCI states associated, through indirect QCL Type-D relation, with SSBs of cells with PCI different from that of the serving cell.
Proposal 8: Add a UE capability on maximum number of cells with different PCIs the activated TCI state can be associated with.
Proposal 9: Modify the name of FG 23-2-1 as PDCCH repetition (i.e., removing “Multi-TRP”).
Proposal 10: Support FG 23-2-1 per FSPC.
Proposal 11: Support FG 16-2c (Simultaneous reception with different Type-D) as a pre-requisite UE capability for FG 23-2-2 per band level and FR2 only.
Proposal 12: Support UE capability signaling of single-DCI based multi-TRP PUCCH repetition per band level.
Proposal 13: Support UE capability signaling of single-DCI based multi-TRP PUSCH repetition per band level.
Proposal 14: Split component#4 in FG 23-3-1 and support UE capability signaling of PHR reporting related to multi-TRP PUSCH repetition per UE.
Proposal 15: Define dynamic switching for PUCCH and PUSCH in FG 23-3-1 and FG 23-3-2 respectively.
Proposal 16: Define new UE capability signalings, FG 23-3-1b and FG 23-3-2b, to support separate power control per TRP for PUCCH and PUSCH respectively.
Proposal 17: Move component#3 in FG 23-3-1 to FG 23-3-1b and move component#4 in FG 23-3-2 to FG 23-3-2b.
Proposal 18: Define indicating per-TRP OLPC set in FG 23-3-1b.
Proposal 19: Support X>1 (the maximum number of RRC configured PCIs different from the serving cell PCI) in FG 23-4 as a UE optional feature.
Proposal 20: Support 23-5-1, i.e., the maximum number of reported beam groups, as a UE optional feature.
Proposal 21: Support 23-5-2, i.e., the maximum number of BFD RS resources in a BFD RS set, as a UE optional feature.

Proposal 22: Add a component supporting Variant E (Both TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)) in FG 23-6-1.
Proposal 23: Add at least a component supporting Variant A (one of the TCI state can be associated with {average delay, delay spread} and another TCI states can be associated with {average delay, delay spread, Doppler shift, Doppler spread} (i.e., QCL-TypeA)) in FG 23-6-2.
Proposal 24: Align a structure of component for supporting of scheme 1 and TRP based pre-compensation for PDCCH and PDSCH (defining separate components as in current FG 23-6-1 or combined component as in current FG 23-6-2).
Proposal 25: Re-use FG 23-2-2 as identifying two QCL-TypeD properties for SFNed PDCCH.
Proposal 26: Split FG 23-6-4 as three separate feature groups and all three feature groups are FR2 only: 
· Components 1 and 3 as a single feature group to require a new default beam behavior with a single default DL beam
· Components 2 to require a new default beam behavior with two default DL beams
· Components 4, 5, and 6 to require a new default beam behavior with a single default UL beam.
Proposal 27: Add the following notes in FG 23-8-4.
· Note: the two SP-SRS resource sets are not activated at the same time
· For each xTyR antenna switching (except for 4T6R if supported), each periodic or semi-persistent resource set contains y/x resources.
Proposal 28: Modify the name of FG 23-8-6 as RB-level partial frequency sounding of SRS amd FG 23-8-7 as Start RB location hopping for RB-level partial frequency SRS (i.e., adding “RB-level”).
[bookmark: _GoBack]Proposal 29: Support 23-7-1, i.e., basic features of CSI enhancement for Multi-TRP.
· Support Nmax=1 as a component of UE basic feature for Multi-TRP CSI
· Include CSI report modes, i.e., Mode 1 (Option 1) with X=0 and Mode 2 (Option 2), as a component of UE basic feature for mTRP CSI
· For FR1 include CMR sharing between NCJT and sTRP measurement hypotheses as a component of UE basic feature 
· Include supporting two CMR groups with Ks=K1+K2 CMRs as a component of UE basic feature.  
· Include reporting 2 PMIs, 2 RIs, and 2 LIs for NCJT measurement hypothesis as a component of UE basic feature 
Proposal 30: Support 23-7-2, i.e., the maximum number of Tx ports per resource in a resource set for Multi-TRP CSI, as UE optional feature.
· Support {24, 32} as UE optional feature
Proposal 31: Support 23-7-3, i.e., the maximum number of resources in a resource set for Multi-TRP CSI (Ks,max), as UE optional feature. 
· Default Ks,max can be set as:
· Ks,max=8 for FR2 when CMR sharing between sTRP and NCJT measurement hypotheses is disabled (not enabled).  
· Ks,max=4 for FR2 when CMR sharing is enabled and for FR1. 
Proposal 32: Support 23-7-4, i.e., the maximum number of CMR pairs (Nmax), as UE optional feature
· Support Nmax=2 as UE optional feature
Proposal 33: Support 23-7-5, i.e., whether two CMRs from a CMR pair configured for a NCJT measurement hypothesis can be used for Single-TRP measurement hypotheses, as UE optional feature.   
Proposal 34: Support CSI report based on Mode 1 (Option 1) with X=1,2 as UE optional feature. 

Proposal 35: add the following components
· FG 23-9-1: basis FG on Rel. 17 codebook
· support for rank 1-2
· parameter combinations with Mv=1
· FG 23-9-2: support of Mv=2
· parameter combinations with Mv=2
· maximum number of CSI-RS ports
· supported for rank 1-2
· FG 23-9-3: support of rank 3-4
· supported for parameter combinations with Mv=1
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