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Introduction
The RAN1 features developed in NR Rel-17 has become more and more stable. A preliminary RAN1 UE features list has been compiled in [1]. Nine feature groups are given in [1] to categorize all the feMIMO UE features, including multi-beam, multi-TRP PDCCH, multi-TRP PUSCH/PUCCH, inter-cell multi-TRP, multi-TRP beam management, SFN based HST, multi-TRP CSI, SRS and FeType II CSI. We agree with such categorization and elaborate our further views on the details of these feature groups in this contribution.
Multi-beam enhancements (23-1)
Four features (23-1-1~4) are developed in [1] for Rel-17 beam management, and then we discuss some further details for 23-1 series in this section, especially for the missing new sub-features.
23-1-1	Unified TCI for intra- and inter-cell beam management
Firstly, in the main feature, we need to explicit that the following functionalities are supported as part of the basic feature in 23-1-1:
· The common TCI state ID update and activation for CA
· Beam alignment for PL-RS
· MAC-CE-only based TCI state indication
Then, a new UE feature of beam misalignment has been agreed to be introduced as a sub-feature for 23-1-1, and by default the UE should mandatorily support the case of beam alignment. Also, TCI application timing for DCI based TCI state indication should be introduced as well.
Proposal 1: For unified TCI for intra- and inter-cell beam management, the following modification in red is proposed. 
	23-1-1
	Unified TCI for intra- and inter-cell beam management
	For both intra- and inter-cell beam management:
1. Support of joint TCI and separate DL/UL TCI with their components (configuration mechanism, QCL rules, applicable source and target signals) and Common cross-CC TCI update and activation (involving RRC common TCI state pool)
2. Support of association between TCI state and UL PC settings (PLRS and other, including handling of beam misalignment for PLRS)
3. Support of MAC-CE/MAC-CE+DCI-based beam TCI state indication (including TCI state activation, use of DCI formats 1_1/1_2 with and without DL assignment)

	23-1-1a
	Support of beam misalignment
	Support of beam misalignment for PLRS

	23-1-1b
	TCI application time
	X symbols after transmitting HARQ-ACK, the indicated TCI state is applied to a downlink or uplink signal, in the case of DCI based TCI state indication

	23-1-1c
	Number of activated TCI state
	1. For joint TCI, support of reporting up to Nmax_joint activated joint TCI states --- Candidate value of {1,2,3,4,5,6,7,8};
2. For separate TCI, support of reporting up to Nmax_DL activated DL TCI states and up to Nmax_UL activated UL TCI states --- Candidate value of {1,2,3,4,5,6,7} for Nmax_DL, and candidate value of {1,2,3,4,5,6,7} for Nmax_UL;


23-1-2	Inter-cell measurement and reporting (for inter-cell BM and mTRP)
Firstly, regarding PCI(s) different from serving cell PCI, we prefer to reuse the legacy UE feature of [2-24] SSB/CSI-RS for beam measurement as a starting point.
Then, based on already agreement, the maximum value of supported K is a UE capability, and then the corresponding candidate value should be provided, e.g., {1, 2, 4} as legacy beam reporting. 
Proposal 2: For inter-cell measurement and reporting (for inter-cell BM and mTRP), the following modification is proposed in red
	23-1-2
	Inter-cell measurement and reporting (for inter-cell BM and mTRP)
	1. Support of beam measurement on SSB(s) with PCI(s) different from serving cell PCI
2. Support of beam reporting up to Kmax= 4 SSBRI-RSRP pairs, with at least one pair associated with a PCI different serving cell PCI --- Candidate value of {1,2,4}


23-1-3	MPE mitigation
Based on the following agreement, the N P-MPR values and corresponding SSBRI(s)/CRI(s) can be reported. In our views, M should be fixed to 1, and if sharing the same MPE impacts, the UE can provide same P-MPR values for different SSBRI(s)/CRI(s), respectively, in a report instance. Therefore, a new sub-feature of maximum number of P-MPR and SSBRI/CRI pairs can be introduced, and reusing legacy candidate values for normal beam report can be considered as a starting point, i.e., {1, 2, 4}.
Then, based on the following highlighted part, we need to further consider another new UE feature of maximum number of candidate RS(s) configured in a RRC pool for MPE mitigation. As a candidate value, we think that at least the value of ‘64’ should be supported. 
	Agreement
On Rel.17 enhancements to facilitate MPE mitigation, support the following enhancement on the Rel-16 event-triggered P-MPR-based reporting (included in the PHR report when a threshold is reached, reported via MAC-CE):
· In addition to the existing field in the PHR MAC-CE, N≥1 P-MPR values can be reported 
· The N P-MPR values are reported together with the following:
· (Working Assumption) For each P-MPR value, up to M SSBRI(s)/CRI(s), where the SSBRI(s)/CRI(s) is selected by the UE from a candidate SSB/CSI-RS resource pool (FFS: how to perform the selection)
· FFS: The supported value(s) of M


Proposal 3: For MPE mitigation, the following modification is proposed in red
	23-1-3
	MPE mitigation
	1. Support of enhanced reporting for MPE mitigation (with SSBRI/CRI and associated P-MPR in PHR reporting)
2. Support of reporting up to Nmax P-MPR and SSBRI/CRI pairs --- Candidate value of {1,2,4}
3. Maximum number of candidate RS(s) configured in a RRC pool for MPE mitigation.   --- Candidate value at least includes {64}


Multi-TRP PDCCH enhancements (23-2)
Three UE features (23-2-1, 23-2-1, and 23-2-3) are listed for MTRP PDCCH enhancements in [1]. We have some comments on these FGs as below. 
For the third bullet in FG 23-2-1, based on previous RAN1 discussion, when 2 BDs are counted for the two linked PDCCH candidates, UE can do ether individual detection or soft combining. And when 3 BDs are counted for the linked candidates, it is assumed that UE has to do both individual detection and soft combining. That’s why the total number of BDs is 3 which is larger than 2. Therefore, it is clear that the component 3 is only needed when 2 BDs are counted. Here is our suggested change. 
	23-2-1
	Multi-TRP PDCCH repetition
	1. Support of PDCCH repetition (based on two linked SS sets associated with corresponding CORESETs)
2. Support of reporting one [or more] number(s) as required number of BDs for the two PDCCH candidates
3. 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
· This is only applicable if the number of BDs is 2
4. Maximum number of such overlaps in 3


Proposal 4: For FG 23-2-1, add a note to clarify that component 3 is only for the case of BD = 2.
   
For 23-2-2, support of two QCL type D for PDCCH implies that UE is able to use two different receive beams for PDCCH reception regardless of PDCCH repetition schemes including SFN mannered PDCCH or PDCCH repetition based on two linked SSs (search space). Hence to have just one capability report for this two-QCL-TypeD reception is sufficient to satisfy UE’s implementation need. For the sake of simplicity and low signaling overhead, we propose to generalize this UE FG to make it applicable for both SFN mannered PDCCH and PDCCH repetition based on two linked SSs. The wording change is suggested as the following table. The prerequisite of this FG can be 23-2-1, 23-6-1 and 23-6-2 which is the support of PDCCH repetition based on two linked SSs, SFN scheme A and SFN scheme B (TRP based pre-compensation), respectively.  
	23-2-2
	Two QCL TypeD for PDCCH repetition
	Support of determining two QCL-TypeD for overlapping CORESETs in the same CC or for intra-band CA when UE is configured with PDCCH repetition
	…
	{Support, Not support}
	Optional


Proposal 5: Generalize FG 23-2-2 to make it applicable for both SFNed PDCCH and PDCCH repetition based on two linked SSs. 
· The prerequisite includes 23-2-1, 23-6-1 and 23-6-2

For 23-2-3 on support of PDCCH repetition for Type 3 CSS, we think this extra FG is unnecessary. The main FG 23-2-1 is sufficient from our view as there is no much difference between USS and CSS to process PDCCH repetition operation from UE side. No matter two PDCCH is from USS or CSS, the decoding of two PDCCH repetition is the same, i.e. separate decoding or soft combining.   
Proposal 6: Remove FG 23-2-3. 

Multi-TRP PUSCH/PUCCH enhancements (23-3)
Two UE features (23-3-1 and 23-3-2) are respectively listed for MTRP PUSCH and PUCCH enhancements in [1]. We have some further comments on the details of 23-3-2.
For the third component in 23-3-2, in order to keep alignment with previous agreements, one restricted condition should be added. That is, cyclic mapping can be optional UE feature for the case when the number of repetitions is larger than 2. Hence we have the following proposal.
Proposal 7: Clarify that cyclic mapping is only an optional UE feature for the case when the number of repetitions is larger than 2 in the third component of FG 23-3-2. 

For the fourth component in 23-3-2, it has been agreed in RAN1 #106-e meeting that a second TPC field can be configured to support per TRP closed-loop power control when DCI format 1_0 indicates PUCCH transmission is associated with two different closed-loop indexes. Accordingly, this component should include the case of PUCCH scheduled by DCI format 1_0. Hence we have the following proposal.
Proposal 8: The case of PUCCH scheduled by DCI format 1_0 should be added in the fourth component in FG 23-3-2.

Based on the above proposals, we suggest the following change on 23-3-2.
	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 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



Inter-cell Multi-TRP (23-4)
One UE feature (23-4) is listed for inter-cell MTRP enhancements in [1]. We have some further comments on the details of this feature group.
For the first component in 23-4, we think it deviates from the previous agreements. RAN1 discussed for many meetings to agree on a detailed description for the configuration of this feature due to its controversy. Hence we suggest to directly use the wording of the RAN1 agreement for the description of the first component to avoid unnecessarily repeating the RAN1 discussion. 
Proposal 9: Revise the first component description of 23-4 as “Support of RRC configuration of non-serving cell information which is associated with the TCI state and/or QCL-info”.  

Based on the above proposals, we suggest the following change on 23-4.
	23-4
	IntCell-mTRP
	1. Support of RRC configuration of non-serving cell information which is associated with the TCI state and/or QCL-infoincluding other cell info in RRC TCI state config
2. Support of X>1 (max number of PCIs different from serving cell)



Multi-TRP beam management (23-5)
In our views, the explicit sub-features of supporting Rel-17 group-based reporting and supporting Rel-17 mTRP BFR should be introduced for [23-5-1] and [23-5-2], respectively. 
Hence, we have the following proposal.
Proposal 10: For MPE mitigation, the following modification in red is proposed
	23-5-1
	Beam reporting enhancements
	1. Support of enhanced group-based reporting for Rel-17 M-TRP --- Candidate value of {Support, Not support}
2. Support of the maximum number of beam groups

	23-5-2
	Maximum number of BFD-RS resources per set for MTRP BFR enhancements
	1. Support of Rel-17 M-TRP BFR --- Candidate value of {Support, Not support}
2. Support of the maximum number of BFD-RS resources per set




SFN based HST enhancements (23-6)
For SFN based HST enhancements, three FGs (23-6-1 ~ 23-6-3) are listed in [1]. We generally agree with the first two. However, the third one, i.e., 23-6-3 on support of simultaneous activation of two TCI states for PDCCH across multiple CCs, is not needed from our view. That’s because whether UE supports such feature can completely be inferred by the existing Rel-16 UE FG 16-1b-1 combined with the Rel-17 FG 23-6-1 or 23-6-2. 
	16-1b-1
	TCI state activation across multiple CCs
	1. Support of Simultaneous TCI state activation across multiple CCs: PDCCH, PDSCH


 
As we know, for a UE support FG 16-1b-1, some configured CCs in which TCI states can be simultaneously updated for CORESETs with the same ID should share the same RF chain or similar channel conditions for analog beamforming. This is regardless of the number of activated TCI states for each CORESET. So, as long as UE supports FG 16-1b-1, and also supports FG 23-6-1 or 23-6-2, it is natural for this UE to support simultaneous activation of two TCI states across set of configured component carriers. 
Proposal 11: Remove FG 23-6-3. 

Multi-TRP CSI (23-7)
Five UE features (23-7-1 ~ 23-7-5) are listed for MTRP CSI enhancements in [1]. We generally agree with these UE features, as they are aligned with previous agreements. Some suggestions are given as follows

Proposal 12: For MTRP CSI enhancements 
· In FG 23-7-1, a default value of Ks,max should be added as the basic component of this feature. We suggest Ks,max =4 as a compromised value between 2 and 8. 
· 24 ports of max # of Tx ports per source in a resource set in FG 23-7-2 should be moved into FG 23-7-1 as a basic component. For FG 23-7-2, only ‘32 ports’ is needed to indicate gNB whether UE supports it or not.
· FG 23-7-4 on support of Nmax=2 can be moved into FG 23-7-1 as an optional component. Alternatively, its prerequisite should be FG 23-7-1. 

SRS enhancements (23-8)
Eight UE features (23-8-1 ~ 23-8-8) are listed for SRS enhancements in [1]. We generally agree with having these UE features, as they are aligned with previous agreements. The major remaining issue is the types of these UE features. In general, from NW perspective, it is desirable to avoid too small granularity (e.g., per BC) for the SRS features. For instance, 23-8-2 (Triggering SRS only in DCI 0_1/0_2) is not related with any band-specific or BC-specific characteristics. Hence it should be per UE.
Proposal 13: Strive to avoid per BC features for SRS, e.g., the type of 23-8-2 (Triggering SRS only in DCI 0_1/0_2) should be ‘per UE’.

FeType II port selection CSI (23-9)
Three features (23-9-1 ~ 23-9-3) are developed in [1] for FeType II port selection CSI, which is analogous to eType II CSI. We discuss some further details for 23-9 series in this section.
Optional support of Mv = 2
The complexity and UE hardware cost to support Mv=2 can be different for different triplets {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports}. In the basic feature 23-9-1, a list of such triplets are reported for Mv=1. Hence it is needed to report another list of triplets for Mv=2. Otherwise, UE has to consider the worst case when determining whether it can supports Mv=2. For example, if UE can support Mv=2 for small number of Tx ports, but it cannot support Mv=2 for large number of Tx ports, it has to report no support of Mv=2 if the report of Mv=2 does not include the list of triplets. This limits NW to realize the better performance from Mv=2 for small number of Tx ports. Hence we have the following proposal.
Proposal 14: Support to report a list of triplets {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for Mv=2.

Based on the above proposal, we suggest to revise 23-9-2 as follows.
	23. NR_FeMIMO
	23-9-2
	Support of Mv=2 for FeType-II
	{Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support Port-selection FeType-II with Mv=2



Potential support of R>1
The decision on the support of R>1 is pending in RAN1. If R>1 is agreed, it needs to be optional, and a new UE feature about the supported triplets {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for R>1 needs to be added, which is same as eType II codebooks.
Proposal 15: If R>1 is agreed, support to report a list of triplets {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for R>1.

Conclusion
[bookmark: _GoBack]We discuss detailed issues on the NR feMIMO UE feature list in this contribution. The following proposals are given. More detailed update on the FGs can be found in sections 1 - 9.
Proposal 1: For unified TCI for intra- and inter-cell beam management, the following modification in red is proposed. 
	23-1-1
	Unified TCI for intra- and inter-cell beam management
	For both intra- and inter-cell beam management:
1. Support of joint TCI and separate DL/UL TCI with their components (configuration mechanism, QCL rules, applicable source and target signals) and Common cross-CC TCI update and activation (involving RRC common TCI state pool)
2. Support of association between TCI state and UL PC settings (PLRS and other, including handling of beam misalignment for PLRS)
3. Support of MAC-CE/MAC-CE+DCI-based beam TCI state indication (including TCI state activation, use of DCI formats 1_1/1_2 with and without DL assignment)

	23-1-1a
	Support of beam misalignment
	Support of beam misalignment for PLRS

	23-1-1b
	TCI application time
	X symbols after transmitting HARQ-ACK, the indicated TCI state is applied to a downlink or uplink signal, in the case of DCI based TCI state indication

	23-1-1c
	Number of activated TCI state
	1. For joint TCI, support of reporting up to Nmax_joint activated joint TCI states --- Candidate value of {1,2,3,4,5,6,7,8};
2. For separate TCI, support of reporting up to Nmax_DL activated DL TCI states and up to Nmax_UL activated UL TCI states --- Candidate value of {1,2,3,4,5,6,7} for Nmax_DL, and candidate value of {1,2,3,4,5,6,7} for Nmax_UL;


Proposal 2: For inter-cell measurement and reporting (for inter-cell BM and mTRP), the following modification is proposed in red
	23-1-2
	Inter-cell measurement and reporting (for inter-cell BM and mTRP)
	1. Support of beam measurement on SSB(s) with PCI(s) different from serving cell PCI
2. Support of beam reporting up to Kmax= 4 SSBRI-RSRP pairs, with at least one pair associated with a PCI different serving cell PCI --- Candidate value of {1,2,4}


Proposal 3: For MPE mitigation, the following modification is proposed in red
	23-1-3
	MPE mitigation
	1. Support of enhanced reporting for MPE mitigation (with SSBRI/CRI and associated P-MPR in PHR reporting)
2. Support of reporting up to Nmax P-MPR and SSBRI/CRI pairs --- Candidate value of {1,2,4}
3. Maximum number of candidate RS(s) configured in a RRC pool for MPE mitigation.   --- Candidate value at least includes {64}


Proposal 4: For FG 23-2-1, add a note to clarify that component 3 is only for the case of BD = 2.
Proposal 5: Generalize FG 23-2-2 to make it applicable for both SFNed PDCCH and PDCCH repetition based on two linked SSs. 
· The prerequisite includes 23-2-1, 23-6-1 and 23-6-2
Proposal 6: Remove FG 23-2-3. 
Proposal 7: Clarify that cyclic mapping is only an optional UE feature for the case when the number of repetitions is larger than 2 in the third component of FG 23-3-2. 
Proposal 8: The case of PUCCH scheduled by DCI format 1_0 should be added in the fourth component in FG 23-3-2.
Proposal 9: Revise the first component description of 23-4 as “Support of RRC configuration of non-serving cell information which is associated with the TCI state and/or QCL-info”.  
Proposal 10: For MPE mitigation, the following modification in red is proposed
	23-5-1
	Beam reporting enhancements
	1. Support of enhanced group-based reporting for Rel-17 M-TRP --- Candidate value of {Support, Not support}
2. Support of the maximum number of beam groups

	23-5-2
	Maximum number of BFD-RS resources per set for MTRP BFR enhancements
	1. Support of Rel-17 M-TRP BFR --- Candidate value of {Support, Not support}
2. Support of the maximum number of BFD-RS resources per set



Proposal 11: Remove FG 23-6-3. 
Proposal 12: For MTRP CSI enhancements 
· In FG 23-7-1, a default value of Ks,max should be added as the basic component of this feature. We suggest Ks,max =4 as a compromised value between 2 and 8. 
· 24 ports of max # of Tx ports per source in a resource set in FG 23-7-2 should be moved into FG 23-7-1 as a basic component. For FG 23-7-2, only ‘32 ports’ is needed to indicate gNB whether UE supports it or not.
· FG 23-7-4 on support of Nmax=2 can be moved into FG 23-7-1 as an optional component. Alternatively, its prerequisite should be FG 23-7-1. 
Proposal 13: Strive to avoid per BC features for SRS, e.g., the type of 23-8-2 (Triggering SRS only in DCI 0_1/0_2) should be ‘per UE’.
Proposal 14: Support to report a list of triplets {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for Mv=2.
Proposal 15: If R>1 is agreed, support to report a list of triplets {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} for R>1.
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