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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #98bis meeting, the first round discussion on Rel-16 NR UE features has been summarized in [1]. In this contribution, we have provided our further comments for NR-eMIMO for Rel-16 UE capability design. 

[bookmark: _Ref129681832]Detailed Signaling Structure 

Feature group 16-1: Multi-Beam Operation 

Proposed revisions can be found as follow: 
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	16-1
	Multi-beam operation 
	1. Support of L1-SINR based beam selection
Components 1a) 	Supported type of interference measurement resource.
Components 1b) 	Supported type of dedicated IMR.
Components 1c) 	Max number of SSB/CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured as CMR for L1-SINR.
Components 1d) 	Max number of NZP CSI-RS and CSI-IM resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured as IMR for L1-SINR.
Components 1e) 	The total max number of SSB/CSI-RS resources (sum of aperiodic/periodic/semi-persistent) to measure RSRP and L1-SINR (CMR + IMR), activated pathloss RSs and different SSB/CSI-RS resources for UE to monitor PDCCH quality for PCell and SCell across all CCs within a slot..
Components 1f)          Maximum number of L1-SINR report setting per BWP.

2. Simultaneous TCI state activation across multiple CCs: PDCCH, PDSCH
Components 2a)	Supported max number of lists of CCs configurable by RRC


3. Simultaneous spatial relation update across multiple CCs: AP-SRS, SP-SRS
Components 3a)	Supported max number of lists of CCs configurable by RRC


4. Simultaneous spatial relation update for multiple PUCCH resources
Components 4a)	Supported max number of PUCCH resource groups per BWP

5. Default spatial relation for dedicated-PUCCH/SRS

6. Spatial relation update for AP-SRS via MAC CE


7. Pathloss reference RS update for PUSCH/SRS via MAC CE
Components 7a)	Maximum number of configured pathloss RSs
Components 7b)	Maximum number of activated pathloss RSs across CCs

8. SCell beam failure recovery (max # SCells configured for BFR)
Components 8a)	Maximum number of SCells for which the UE performs BFR
Components 8b)	Maximum number of different CSI-RS and/or SSB resources across all CCs for new beam identification.

	2-24 for #1
2-1, 2-4 for #2 
2-53, 2-59 for #3-#6
8-2 for #7
2-31 for #8

TBD for #1
2-1, 2-4 for #2 
2-53, 2-59 for #3-#6
8-2 for #7
2-31 for #8
	Per band, and per band combination for #1, 2, 3, 8
Per UE for #4, 5, 6, 7
Per band for #1, #4, #5, #6
Per UE for #2, #3, #7, #8

	N
	N for #1, #2, #7, #8
Y for #3 - #6
	Component-1a, candidate value set: {“Dedicated”, “Non-dedicated”, “Both”}. 
Component-1b, candidate value set: {“NZP CSI-RS only”, “CSI-IM only”, “NZP CSI-RS only and CSI-IM only”, “NZP CSI-RS only and CSI-IM only and Mixed NZP CSI-RS + CSI-IM”}.
Component-1c, candidate value set is {0, 2, 4, 8, 16, 32, 64}
Component-1d, candidate value set is {0, 2, 4, 8, 16, 32, 48, 64}
Component-1e, candidate value set is {0, 2, 4, 8, 16, 32, 48, 64}
Component-1f, candidate value set is {TBD}

Component-2, candidate value set: {“support PDCCH only”, “support PDSCH only”, “support both”}

Component-2a, candidate value set: {1, 2}

Component-3, candidate value set: {“support AP-SRS only”, “support SP-SRS only”, “support both”}

Component-3a, candidate value set: {1, 2}

Component-4a, candidate value set: {1, 2, 3, 4}

Component-5, candidate value set: {“not support”, “support”}

Component-6, candidate value set: {“not support”, “support”}

Component-7, candidate value set: {“support PUSCH only”, “support SRS only”, “support both”}

Component-7a, candidate value set: {0, 4, 8, 16, 64}
Component-7b, candidate value set: {0, 4, 8, 16, 32}

Component-8a, candidate value set: {from 1 to 31} 
Component-8b, candidate value set: 64*{0.5, 1, …31}

	




We have added our suggested sub-component(s) and candidate value set for each component to the table above. Our reasoning for some of the added sub-components and candidate value sets are provided as follows. 

Per agreements from RAN1#99, for component #2/3 of FG 16-1, inter-band CA is not prohibited from signalling perspective. However, UE supporting inter-band CA for certain band combination does not imply that UE supports component #2/3 of FG 16-1 for this band combination (e.g., different RF architectures). With this in mind, we propose to change the reporting type of component #2/3 of FG 16-1 as per band and per band combination, which is reflected in the table above. 


Newly proposed eMIMO 16-1 Component 1e) is a total capability across multiple components involved in components 1/7/8 from Feature Group 16-1. It is intended to restrict total maximal number of measurement RSs (i.e., L1/L3-RSRP RSs, L1/L3-SINR RSs) used for different functionalities across all CCs within a slot. In practice, the hardware of processing BM-RS/BFD-RS/PL-RS can be shared by UE, because the computational complexity are similar under the condition of using 1/2-port BM-RS/BFD-RS/PL-RS for L1/L3-RSRP/SINR calculation. If the UE capability on BM-RS/BFD-RS/PL-RS are separately reported in Rel-16, then UE tends to report more conservative values assuming that above three types of RS may be activated within the same slot. In contrast, when the UE capability of processing BM-RS/BFD-RS/PL-RS within a slot is reported as a whole (i.e., shared across different functionalities), the gNB only needs to ensure that the total number of activated BM-RS, BFD-RS and PL-RS within a slot does not exceed the reported total UE capability. In this way, a better balance between UE implementation complexity and gNB scheduling flexibility can be achieved.  

Proposal 1: The total maximal number of SSB/CSI-RS resources for measuring RSRP and L1-SINR, activated pathloss RSs, and SSB/CSI-RS resources to monitor PDCCH quality for PCell and SCell across all CCs within a slot shall be considered in FG 16-1 eMIMO UE capability. 

In RAN1#99, it was agreed to support default pathloss RS of PUSCH scheduled by DCI format 0_0 (more conditions apply, see agreement below), from existing UE feature list, it is unclear whether this is covered in component #5 of FG 16-1, and we propose to clarify this. 
Agreement
Support default spatial relation and default pathloss RS of PUSCH scheduled by DCI format 0_0 when there is no PUCCH resources configured on the active UL BWP CC in FR2 and in RRC-connected mode, for UEs supporting the feature of the default spatial relation for dedicated-PUSCH in Rel-16 
· The default spatial relation is the TCI state / QCL assumption of the CORESET with the lowest ID.
· The default pathloss RS is the QCL-TypeD RS of the same TCI state / QCL assumption of the CORESET with the lowest ID
· Note: The PL RS should be periodic RS.

Proposal 2: Clarify whether component 5 of FG 16-1 includes the support of default pathloss RS of PUSCH scheduled by DCI format 0_0 when there is no PUCCH resources configured on the active UL BWP CC in FR2 in RRC-connected mode.  


Feature group 16-2: Multi-TRP operation for eMBB/URLLC

Proposed revisions can be found as follow: 
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	16-2
	Multi-TRP operation for eMBB/URLLC
	Multi-DCI-based:
1. The maximum number of CORESET configured per “PDCCH-Config”
2. The maximum number of CORESET configured per TRP (i.e. same value of CORESETPoolIndex HigherLayerIndexPerCORESET (if configured) per “PDCCH-Config”)
3. The value of R for BD/CCE 
4. Support Whether the UE shall rate match around configured CRS patterns which is associated with  CORESETPoolIndex HigherLayerIndexPerCORESET (if configured)
5. Support enhanced scheduling/HARQ order of PDCCH to PDSCH, PDSCH to HARQ-ACK, and PDCCH to PUSCH
6. Support Intra-slot separate HARQ-ACK feedback
7. Support the DMRS ports of PDSCH to be QCLed with the RS(s) with respect to the QCL parameter(s) used for PDCCH of the lowest CORESET index among CORESETs configured with the same value of CORESETPoolIndex, when the time offset between the reception of the PDCCH and the corresponding PDSCH is less than a threshold
Single-DCI-based:
8. SupportWhether supporting two PTRS ports
9. For UE configured with “FDMSchemeB”For URLLC scheme 2b, whether the UE can support CW soft combining
10. For URLLC scheme 3 and 4, supported maximum TBS size
11. Support transmission scheme(s) with enhanced reliability
12. The maximal value of “RepNumR16”
13. Support default TCI state(s) if at least one configured TCI states for the serving cell of scheduled PDSCH contain “QCL-TypeD” and the offset between the reception of the PDCCH and the corresponding PDSCH is less than timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDSCH
	TBD
	Per UETBD
	N
	TBD
	Comp 1: {2, 3, 4, 5}
Comp 2: {1,2,3}
Note that if UE supporting Multi-DCI-based Multi-TRP operation, at least one candidate value of each component #1 and #2 shall be reported. 

Comp 3: {1, 2}
Comp 11: 3 bit. The bits from the leftmost to the rightmost correspond to schemes {“FDMSchemeA”, “FDMSchemeB”, “TDMSchemeA”}. Value 1 in the bitmap indicates that the corresponding scheme is supported, otherwise it is not supported.
Comp 12: {8,16}
	TBD






For multi-DCI based multi-TRP transmission in eMIMO FG 16-2, components #1 and #2 can be served as the basic capability of enabling conditions based on at least following agreements and specification. Newly suggested component #5 for enhanced scheduling/HARQ order and component #7 for default TCI state are based on RAN1 agreements: 
Agreement
· If a UE is configured by higher layer parameter PDCCH-Config that contains two different values of CORESETPoolIndex in ControlResourceSet for the active BWP of a serving cell, the UE may expect to receive multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain subject to UE capability
According to above agreements and specification, multi-PDCCH requires at least two CORESETs with different values of CORESETPoolIndex, which lead to at least one CORESET per TRP, (i.e. with the same value of CORESETPoolIndex) and two CORESETs in total. With at least two CORESETs with different values of CORESETPoolIndex, the UE is able to monitor PDCCH from two TRPs, receive/buffer two full/non/partial overlapping PDSCHs, generate joint/separate HARQ-ACK feedback, conduct proper rate matching, etc.  Therefore once the UE can report at least minimal values of both components #1 and #2, the NW is informed that the UE is capable of multi-DCI based multi-TRP transmission with some conditions/restrictions. 

Proposal 3:   Components #1 and #2 in eMIMO FG 16-2 can be served as the basic capability to report when a UE supports multi-DCI based multi-TRP transmission. 

For multi-DCI based multi-TRP transmission, joint feedback design is close to HARQ-ACK codebook design for CA in R15, therefore related design is relatively friendlier to UE implementation. Although the NW implementation with non-ideal backhaul is difficult to consider dynamic codebook across TRPs due to tight scheduling coordination, the support of joint HARQ-ACK codebook could be used for single TRP scenario or TRPs connected with ideal backhaul at least, whereas two PDCCHs are transmitted from the same TRP with different beams or different TRPs and two codewords are scheduled for two PDSCHs respectively to allow better performance for middle/center UEs with higher rank and edge UE with improved robustness. On the other hand, intra-slot separate feedback can provide a prompt feedback of HARQ-ACK information, which may be more beneficial under non-ideal backhaul due to less stringent coordination requirement between TRPs. As a trade-off, if a UE can support multi-DCI based multi-TRP transmission, at least the UE can support joint feedback and whether supporting intra-slot separate HARQ feedback can be signaled to the NW, e.g. if the NW with non-ideal backhaul is desired to be supported more efficiently. 

Proposal 4: Component #6 in eMIMO FG 16-2 can be added to report whether a UE can support intra-slot separate HARQ-ACK feedback.

For single-DCI based multi-TRP transmission, new component #8~13 are suggested. More specifically, component #11 is served as an on/off information for whether the UE can support MTRP-based URLLC schemes 2a/2b/3. Candidate values with a 3-bit bitmap is therefore suggested to avoid signaling all possible combinations of schemes. Moreover whether supporting scheme 4 by the UE can be informed implicitly to the gNB through reporting component #12 of ““the maximal value of “RepNumR16””, which is used to indicate the number of slot-level repetitions from multi-TRP supported by the UE.

Proposal 5:  Components “Support transmission scheme(s) with enhanced reliability” and “the maximal value of “RepNumR16” can be added in order to enable “FDMSchemeA/ FDMSchemeB/TDMSchemeA” and “TDMSchemeB” individually by UE capability reporting for eMIMO FG 16-2 Multi-TRP operation.   


Feature group 16-3: eType-II codebook

Proposed revisions can be found as follow: 
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	16-3
	eType-II codebook 
	Regular eType-II 
1. 8 parameter combinations Support L=6
2. 2 PMI FD resolutions (R=1 and 2) A list of supported combinations across all CCs simultaneously whereas each combination is {S, P, X, P_total}, where S is max # of PMI subbands, P is max # of Tx ports in one resource, X is max # of resources and P_total is total # of Tx ports
3. Rank 1 to 4Max # of supported rank
4. CBSR and rank restriction
UCI omission
Port selection eType-II 
6 parameter combinations (combos with L=6 don’t apply)
2 PMI FD resolutions (R=1 and 2)
Rank 1 to 4
CBSR and rank restriction
UCI omission
	TBD
	Per UE
	N
	N
	a size-8 bitmap. If the bitmap is reported as all 0, the UE does not support regular eType-II.
Comp1: candidate values: {yes, no}

Comp2:
S:{19:2:37}; 
P:{4, 8, 12, 16, 24, 32}
X: TBD
P_total:TBD

Comp3: {2, 4};

Comp4: optional
	Optional 

	16-3a
	eType-II port selection codebook 
	Port selection eType-II 
1. A list of supported combinations across all CCs simultaneously whereas each combination is {S, P, X, P_total}, where S is max # of PMI subbands, P is max # of Tx ports in one resource, X is max # of resources and P_total is total # of Tx ports
2.  Max # of supported rank
3. CBSR and rank restriction

	TBD
	Per UE
	N
	N
	Comp 1:
S:{19:2:37}; 
P:{4, 8, 12, 16, 24, 32}
X: TBD
P_total:TBD

Comp 2: {2, 4};

Comp 3: optional 
 
	




With regarding to eMIMO FG 16-3 for eType-II codebook, component 2 for Regular eType-II (similarly for component 1 for Port selection eType-II) could be replaced by a list of supported combinations due to higher flexibility of balance between UE complexity and gNB implementation. A list of supported combinations across all CCs simultaneously need to be reported to the NW by UE capability reporting whereas each combination is {S, P, X, P_total}, where S is max # of PMI subbands, P is max # of Tx ports in one resource, X is max # of resources and P_total is total # of Tx ports. We prefer to report max # of PMI subbands S rather than PMI FD resolution R because the former with CSI-RS configuration decides UE computational complexity directly and enable the flexibility in scheduling at the gNB.  {S, P, X, P_total} is reported per band per BC and other components for eType-II codebook is per band. Note that {S, P, X, P_total} per band per BC is to avoid the possible “under-reporting” issue in inter-band CA due to CSI processing sharing among multiple bands. 

Proposal 6: A list of supported combinations across all CCs simultaneously, whereas each combination is {S, P, X, P_total}, S is max # of PMI subbands, P is max # of Tx ports in one resource, X is max # of resources and P_total is total # of Tx ports, shall be reported per band per BC for eMIMO FG 16-3 for eType II codebook. 

Another issue is how to define the mixed UE capability of CSI-RS when the UE supports multiple codebook types. In Rel-15, the capabilities on CSI-RS are per codebook. If one UE supports multiple codebook types, this UE may report conservative values assuming that multiple CSI reports associated with different codebook types are triggered simultaneously. This issue becomes more serious in Rel-16, because two more codebook types are introduced. To avoid above issue, UE shall report the capabilities of CSI-RS per codebook per codebook-combination additionally. The capability signalling can be a list of supported combination for one codebook in one codebook combination. For example, consider one UE supports Rel-15 Type I single panel codebook, Rel-15 Type II regular codebook and Rel-16 eType II regular codebook. 

Table: Example of signalling of UE capabilities of CSI-RS for concurrent codebooks

	Codebook combination
	Capability signaling

	Rel-15 Type I single panel codebook + Rel-15 Type II regular codebook
	A list of combinations {{}, {}}, where{} are max # of Tx ports in one resource, max # of resources and total # of Tx ports respectively for Rel-15 Type I single panel codebook in the combination of Rel-15 Type I single panel codebook and Rel-15 Type II regular codebook, {} are counterparts for Rel-15 Type II regular codebook in the combination of Rel-15 Type I single panel codebook and Rel-15 Type II regular codebook.

	Rel-15 Type I single panel codebook + Rel-16 eType II regular codebook
	A list of combinations {{}, {}}, where{} are max # of Tx ports in one resource, max # of resources and total # of Tx ports respectively for Rel-15 Type I single panel in the combination of Rel-15 Type I single panel codebook and Rel-16 eType II regular codebook, {} are counterparts for Rel-16 eType II regular codebook in the combination of Rel-15 Type I single panel codebook and Rel-16 eType II regular codebook.




Proposal 7: UE shall report the capabilities of supported codebook per codebook-combination additionally.	

For component 5 for Regular eType-II, we suggest to remove “UCI omission” from now unless RAN1 spec can clarify further UE behavior. 


[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Feature group 16-5: Power-efficient UL transmission

Proposed revisions can be found as follow: 
	Index
	Feature group
	Components
	Prerequisite feature groups
	Type
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	16-5
	Power-efficient UL transmission
	UL full power transmission (mode [0], 1, 2)
0. Whether to support UL full power transmission
1. Full power transmission Mode(s)New UL codebook set(s) 
2. Multiple SRS resources in set with different number of ports
3. UE indication of TPMI(s) which delivers full power
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	[2-13, 2-14] for #1-#3
	Per UE
	N
	N
	Component-0: {Support, Not support};

Component-1: The candidate values {mode-1, mode-2, mode-1&2}

Component-2: The candidate values {support, no support}

Component-3
For 2Tx UE, a 2-bit size bitmap; candidate values {TPMI0, TPMI1};
For  4Tx non-coherent UE, 2-bit, candidate values {G0, G1, G2, G3};
For  4Tx partial coherent UE, 4-bit, candidate values {G0, G1, G2, G3, G4, G5, G6};

	TBD 



Following the RRC parameters design [2], there are two RRC parameters, where one is for full power transmission function enabling, another is transmission modes configuration. Accordingly, in the UE capability reporting, “whether support UL full power” is also to be reported from UE. Then, UE further to report which transmission mode(s) is supported for the UE.

With regarding to UE feature 16-5 “Power-efficient UL transmission”, the name of Component-1 should be replaced to “Full power transmission mode(s)”, since the previous agreement is that transmission mode-1 and mode-2 is UE capability. Due to the fact that Transmission mode-1 is only with a unique new codebook set, so “new codebook sets” is redundant. 	

Proposal 8: Component 1 in FG 16-5 shall be renamed as “Full power transmission mode(s)” for better matching with RAN1 agreements and specification. 

Given that there are many eMIMO features available in Rel-16, it can be more useful to have further discussion and clarification for being mandatory or optional considering to build up a better ecosystem of NW and UE chipset implementation and applicable scenario taking advantage of Rel-16 MIMO enhancement. The discussion can motivate the improvement of implementation feasibility of advanced MIMO and at the mean time the cost reduction of network deployment. Which eMIMO feature and/or feature components and/or component values can be mandatory can be discussed once main signaling framework is relatively stable. 

Proposal 9: Which Rel16 eMIMO feature and/or feature components and/or component values can be mandatory shall be discussed further in RAN1. 
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