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1. Introduction
This contribution summarizes our views on UE capability for Rel.16 eMIMO.

2. Discussion
2.1. Beam management 

· 16-1b: Cross-CC/BWP TCI activation for PDCCH/PDSCH is introduced in Rel.16 where a MAC-CE addressed to a CC is used to activate TCI states of the same TCI-ID in multiple CCs. The RAN1 agreed framework is flexible where CC-list configuration is up to NW and has no underlying restriction to band/band-combination. Functional wise, the QCL-typeD RS associated with activated TCI states (of the same TCI-ID) in different CCs may be transmitted with different Tx beams at the NW, independently of band/band-combinations. UE still needs to prepare to perform independent Rx beam derivation in different CCs, regardless if they are in the same or different bands. Therefore we do not see a strong need to report band pairs that can share the same DL TCI state.  
· 16-1b2: Similar as above, the need to indicate band pairs that can share the same uplink spatial relation info is not clear. 
· 16-1g:  It is preferable to have separate UE capability reporting for the maximum number of CSI-RS/SSB for different purposes, namely pathloss measurement, pathloss measurement, beam failure detection and new beam identification. Hence “FFS” can be removed. 
· 16-1f: The first FFS bullet is not needed in our view and we believe PUCCH-BFR should be mandatory when SCell BFR is supported. 

· 16-1e: The second FFS bullet “the maximum number of activated pathloss RS for PUCCH/PUSCH/SRS [across CCs/within a slot across all CCs/ per CC]” is not needed in our view. RAN1 has agreed that the maximum number of activated pathloss RS per CC is 4 and UE is not expected to maintain more than 4 pathloss RS per CC. We don’t think there is a need to introduce yet another capability on the number of activated RS, at least for each CC. It can be further discussed whether the total number of activated RS across multiple CC is UE capability. 
2.2. Multi-TRP

· 16-2a: Fully/partially overlapping PDSCHs in time and non-overlapping in frequency should be supported as a basic component for multi-DCI based multi-TRP. Actually the benefit of using M-DCI based NC-JT is the flexibility in scheduling of PDSCHs independently from two TRPs. It’s too restrictive to network side, if a UE can only support non-overlapped scheduling. From network perspective, without such flexibility in scheduling and the benefit of system performance, inter-TRP coordination is not necessary at all. As M-DCI itself is optional to UE, for a UE doesn’t support M-DCI, it can still receive data in DPS manner based on Rel-15 mechanism. And in such case, complicated signaling and high overhead can be avoided. Therefore, from UE perspective, if fully/partially overlapped scheduling cannot be supported, it’s also not necessary to receive M-DCI based PDSCHs at the cost of complexity and signaling overhead. 
· 16-2b-1: The FFS in item 1 and 3 should all be removed. They are all necessary components for supporting single-DCI based SDM scheme. And no agreement stated that they are optional to UE.

2.3. eType-II CSI

· 16-3a: It was already agreed that CBSR with hard amplitude restriction is mandatory UE feature. It shall be in basic components according to agreement made in RAN1#98bis meeting.
Component#1 of 16-3a shall be reported per band and per BC based the discussion in past RAN1 meetings to resolve under-reporting issue (R1-2002900). 

· 16-3a-1: Component#2, #3 and #4 of 16-3a shall also be added to the description field of 16-3a-1 to make it complete. The type shall also be per band and per BC. 

· 16-3a-2/16-3a-3: These two feature groups shall be per band reported, and prerequisite of these feature groups shall be ’16-3a or 16-3a-1’.

· 16-3a-4: Alt1 shall be selected as CBSR with hard amplitude restriction is basic feature in 16-3a.

· 16-3b: Component#1 of 16-3b shall be reported per band and per BC based the discussion in past RAN1 meetings to resolve under-reporting issue (R1-2002900). 
· 16-3b-1:  Component#2 and #3 of 16-3b shall also be added to the description field of 16-3b-1 to make it complete. The type shall also be per band and per BC.
· 16-3b-2: This feature group shall be per band reported, and prerequisite of these feature groups shall be ’16-3b or 16-3b-1’.
· 16-7: The type shall be per band.

For feature groups with type set to per band or per band combination, the fields ‘Need of FDD/TDD differentiation’ and ‘Need of FR1/FR2 differentiation’ shall be set to ‘N/A’.
2.4. UL full-power transmission 

· 16-5a: The working assumption to have a separate capability for mode 0 should be confirmed. 
· 16-5c: 
· Regarding SRS configuration, potential capability parameters discussed in the previous meeting includes the maximum number of SRS resources, maximum number of port per SRS resource, minimum number of SRS resources, and combinations of SRS port number that can be configured in the SRS set. 
First of all, the maximum number of SRS resources (2 or 4 as agreed in RAN1) should be reported as a capability. 

Secondly, the maximum number of ports per SRS resource should also be reported as a capability. 

We don’t think any other SRS resource parameter should need to be reported. Once the maximum number of SRS resources and maximum port number are reported, all SRS configuration below this configuration should be supported by the UE. 
· On the maximum number of different spatial relation info for all SRS resources for usage set to ‘codebook’, it was agreed in RAN1 that a maximum number of 2 spatial relation infos can be configured. Given that UE is by default required to support 2 spatial relation infos in Rel.15, we think a default value of 2 is sufficient in Rel.16, and it is not necessary to introduce a UE capability here. 
3. Conclusions
In this contribution we presented our views on NR MIMO capability based on the baseline agreed after RAN1#100b-e. 
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Appendix: 

The meeting agreement in RAN1#100b-E on MIMO UE features are summarized below for reference.

Beam management

	16-1b
	TCI state activation and spatial relation update
	1. Support of Simultaneous TCI state activation across multiple CCs: PDCCH, PDSCH
2. FFS: details on whether/how to indicate band pairs which can share the same DL TCI state

	16-1b-2
	Spatial relation update across multiple CCs
	1. Support of Simultaneous spatial relation update across multiple CCs: AP-SRS, SP-SRS
2. FFS: details on whether/how to indicate band pairs which can share the same UL spatial relation info

	16-1b-3
	Spatial relation update for PUCCH group
	1. Support of PUCCH resource groups per BWP for simultaneous spatial relation update

	16-1e
	Pathloss reference RS activation via MAC CE
	1. The maximum number of configured pathloss reference RSs for PUSCH/SRS by RRC for MAC-CE based pathloss reference RS update

2. FFS: The maximum number of activated pathloss reference RS update for PUSCH/SRS/PUCCH [across CCs / within a slot across all CCs / per CC]

3. FFS: Number of measurement samples N to apply newly activated pathloss reference RS

	16-1f
	SCell beam failure recovery
	1. The maximum number of SCells for SCell beam failure recovery  

2. FFS: Support of PUCCH-BFR 

3. FFS: The maximum number of CSI-RS and/or SSB resources for new beam identification of SCell BFR [across all CCs / within a slot across all CCs / per CC] 

4. FFS: Density of CSI-RS for new beam identification for SCell BFR 


Working Assumption: There will be a FG 16-1g. The following is the starting point for further discussions
	16-1g
	FFS: Resources for beam management, [pathloss measurement, BFD, and BFR]
	1. The maximum number of SSB/CSI-RS/[CSI-IM] resources [within a slot] across all CCs for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, and new beam identification]
2. FFS: The maximum number of SSB/CSI-RS resources within a slot across all CCs for pathloss measurement

3. FFS: The maximum number of SSB/CSI-RS resources within a slot across all CCs for BFD

4. FFS: The maximum number of SSB/CSI-RS resources across all CCs for new beam identification
	5. 
	
	N/A
	
	TBD
	N
	
	
	
	TBD


UL Full-Power transmission
Working assumption: Introduce a new FG 16-5a. The following is the starting point for further discussion by email with the intention to replace “mode 0” by the actual RRC parameter name 

	16-5a
	UL full power transmission [mode 0]
	Supported UL full power transmission [mode 0]
	2-13, 2-14
	Y
	N/A
	Y
	FFS: Per FS or Per band or Per band per BC
	N/A
	N/A
	
	
	TBD


Conclusion: Keep one row in the feature list attached to the LS sent to RAN2 with an Action in the LS pertaining to FG 16-5c (action to be discussed in Hiroki’s email thread on LS)

Note: this cannot be construed as guidance whether the final feature list has one or two rows for [UL full power transmission mode 2]

	16-5c
	[UL full power transmission mode 2]
	1. [Supported UL full power transmission mode 2

2. Number of Tx SRS antenna ports to support mode 1: {2Tx, 4Tx, 2Tx_4Tx }

3. The maximum number of SRS resources in set with different number of ports [for usage set to ‘codebook’]. FFS on details for supported number of Tx.

4. FFS: Maximum number of ports per SRS resource

5. FFS: Maximum number of different spatial relation info for all SRS resources for usage set to ‘codebook’ in a resource set

6. TPMI group which delivers full power. FFS on details for supported number of Tx.

Note: UE indicating mode 2 shall support full power transmission for 1 antenna port]
	2-13, 2-14, 16-5b
	Y
	N/A
	Y
	FFS: Per FS or Per band or Per band per BC
	N N/A
	N N/A
	
	
	TBD


