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1. [bookmark: _Ref5850594]Introduction
In this contribution, the remaining issues in Rel-16 NR_eMIMO UE feature is discussed and several updates are proposed, based on R10-2001484. 


2. Discussion on CSI UE features
2.1 General comments to 16-3a and 16-3b
The definition of “basic components” and “optional components” are yet clear, so we input the necessary signaling for 16-3a and 16-3b analoguous to Rel-15 FG2-36/40/41/43. Other comments are as follows.
1. Regarding the triplets of supported CSI-RS resources {max # ports per resource, max # resources, max # total ports}, it should be signaled independently for eType II and eType II port-selection. UE is allowed to signal 7 triplets (for # ports per resource being 2, 4, 8, 12, 16, 24, 32) per-band per-codebook. As eType II and eType II port selection are more complicated than other codebooks, these triplets cannot be inferred from other codebooks, and they are essential for commercial success of eType II and eType II port-selection.
2. Regarding parameter combinations,
a. For 16-3a, there was previous agreement in RAN1#99 that parameter combinations 7-8 are optional with extra capability signalling. The intention is to signal whether UE support L=6 spatial beams for linear combination L={2,4} or L={2,4,6}. So, we propose signal {‘support L=6’, ‘not support L=6’}.
b. For 16-3b, since there was agreement in RAN1#99 that only combination 1-6 are supported, there is no need of extra signalling for it.
3. Regarding number of PMI subbands for both 16-3a and 16-3b, there was debating in RAN1 #98b that whether the signal should be N3 > 19 or R=2. For better UE differentiation, our preference is supporting R=2 as it increases the total number of PMI subbands, and also introduces more than one PMIs in one CQI subbands. We also think whether support R=2 should be jointly signalled with the triplet of CSI-RS capabilities. Detailed discussion is under section 2.2.
4. Regarding supporting rank of 1-4 for both 16-3a and 16-3b. There was previous agreement in RAN1 #99 that supporting RI={1,2} is mandatory and supporting RI={3,4} are optional. So the capability signalling should be {1-2, 1-4}.
5. Regarding CBSR,
a. For 16-3a, there was agreement in RAN1 #99 that supporting “soft” amplitude restriction as an optional feature. In other words, the codepoint “01” and “10” in table 5.2.2.2.5-6 are optional, analogous to Type II in Rel-15. So, we propose to reuse the capability signaling amplitudeSubsetRestriction in Type II. UE will signal “supported” or “not supported”.
b. For 16-3b, there is no need amplitude restriction applied to RAN1#99
6. Regarding rank-restriction and UCI omission, they should be supported by default if UE support 16-3a and 16-3b, so there is no need of signalling.
7. Regarding concurrent codebooks with mixed types, it should be supported to solve under-reporting issue. However, it shall not be a sub-feature of either eType II or eType II port-selection, it is general to all codebook types. Our proposal is as follows and detailed explanation is given in section 2.3
a. Signaled in a form as {codebook A, codebook B, max # ports per resource, max # resource, max # total ports}, where Codebook A is one of {Type I SP, Type I MP}, codebook B is one of {Type II, Type II port-selection, eType II, eType II port-selection}
b. Signal max 4 list of {codebook A, codebook B, max # ports per resource, max # resource, max # total ports}.
c. For other codebook A + codebook B which are not signaled,
i. Any combination of codebook A = {Type II, Type II port-selection, eType II, eType II port-selection} and codebook B = {Type II, Type II port-selection, eType II, eType II port-selection} is not allowed.
ii. Else, the combined capability should be within the capability of each codebook. E.g., (8,2) Type I + (16,1) e Type II is valid if (max{8,16}, 2+1, 8*2+16*1)=(16,3,32) is within the reported capability of Type I and Rel-16 Type II.
2.2 Discussion on number of PMI subbands
First, the fundamental feature of eType II CSI is specifying frequency compression so as to achieve overhead reduction compared to Rel-15 Type II CSI. The motivation of R=2 is to achieve further performance enhancement under comparable overhead of R=1, so it shall be considered as an additional feature. Besides, R=2 involves new operations compared with R=1 on both UE side as well as gNB side – e.g., a new subband size for PMI, mismatch subband size on PMI and CQI, as well as increased total number of PMIs. For this reason, it is good to separate basic core features from more advanced features, particularly so from feature commercialization perspective. Moreover, it is also not clear whether all gNB vendors will have R=2 in the initial roll out of etype II to allow proper interoperability testing. In the event where gNB only have R=1 supported and without capability bit to signal R=2 is not tested, this would imply a release 16 UE will have to either deferring basic eType II feature with R=1 or supporting eType II with R=2 wihout proper interoperability testing. Neither option is attractive for release 16 type II feature adoption in our opinion. 
Second. from complexity perspective, supporting (R=2, N3<=19) as mandatory increases the complexity for UEs supporting small bandwidth. For instance, if a UE supports a 20MHz band with 15kHz SCS, there are 51 RBs and the maximum number of CQI subbands is 13 (considering that the CQI subband size is 4RB). This means that the maximum number of PMIs is 13 when R=1. However, with (R=2, N3<=19) as mandatory, the UE is mandated to support upto 19 PMIs because it is allowed to be configured with R=2. The problem is more pronounced for smaller DL bandwidth. Hence, based on the discussion, we propose
Proposal 2-1: Support R=2 as optional for Rel-16 Type II CSI.
In Rel-15, UE reports{max # ports per resource, max # resources, max # total ports}. These reflect UE’s capacity to store intermediate results of CSI measurements. When R=2 is configured in Rel-16, there would be two different PMIs in one CQI. In other words, the number PMI calculations would be doubled for a single CSI-RS resource. Thus, compared to R=1, the memory cost and the CSI calculation cost is doubled. Hence, we propose
Proposal 2-2: For R=2, support one of the following for CSI-RS resource and ports occupation
· Alt A: When R=2, the number of active resources and the number of active ports within the resources should be counted twice in both CSI-RS account and codebook capability accounting;
· Alt B: In UE capability signalling, include whether supporting R=2 in each SupportedCSI-RS-Resource, i.e., SupportedCSI-RS-Resource contains {max number of ports per resource, max number of resources, max number of total ports, max number of PMIs per subband CQI}.
2.3 Discussion on concurrent codebooks with mixed types
In current UE capability signaling FG 2-36/2-40/2-41/2-43, UE reports the CSI capability for each codebook type across all CCs of a band, in terms of {max number of ports per resource, max number of resources, max number of total ports}. Those numbers are applied regardless of whether the CSI of different codebooks are triggered over non-overlapping intervals or concurrently. Further, an overall simultaneous CSIRS resources and total ports are signaled in 2-33. However, as the CSI engine may be (partially) shared among different codebooks, For a certain codebook, a UE’s processing capability without codebook concurrency could possibly be higher compared with that in concurrency with other codebook. To accommodate the case where mixed codebook types are processed concurrently, the UE may have to underreport its capability.
For illustration purpose, let’s consider an example UE. To simplify discussion, let’s further focus on a case where all CSI-RS process have the same number of ports (for example, 16 ports). As part of CSI engine can possibly be shared between codebook modes and Type II processing can be more expensive than Type I processing capability – the example UE in consideration might have concurrent processing capability tabulated below (max simultaneous resource is assumed to be 6)
Table 2-1: Example of actual capability of a Rel-15 UE (only shown number of resources)
	 
	Rel15 Type I CSI 

	
	0
	1
	2
	3
	4
	5
	6

	Rel15 Type II CSI 
	0
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	1
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	 

	
	2
	Yes
	Yes
	Yes
	Yes
	Yes
	 
	 

	
	3
	Yes
	Yes
	Yes
	No
	 
	 
	 

	
	4
	Yes
	Yes
	No
	 
	 
	 
	 

	
	5
	No
	No
	 
	 
	 
	 
	 

	
	6
	No
	 
	 
	 
	 
	 
	 


For such a UE:
· For Type I alone, the UE is able to process 6 resources at a time;
· For Rel-15 Type II alone, the UE is able to process 4 resources at a time;
· For concurrent Type I + Type II, the UE is able to process 4+2 resources, but it is unable to process 2+4 resources and 3+3 resources at a time (since type II can be more expensive than type I)
If such a UE reports 6 resources for Type I in FG 2-36 (and FG2-33) and 4 resources for Type II in FG 2-41, then it does not exclude the concurrent trigger of 2+4 and 3+3 resources for Type I + Type II, which such a UE is not able to support. Hence, to avoid such a trigger, the UE has to examine worst case concurrency and underreport capability for Type II as 2 resources in FG 2-41 – lose the actual standalone capability of 4 resources.
It is noteworthy that FG2-33 does not solve this problem. In FG2-33, UE reports {max number of resources, max number of total ports}, regardless of codebook type. In the example above, to support Type I (or the most simple codebook), FG2-33 need to be set to 6, which does not exclude the inavlide case considering codebook concurrency (i.e., 2+4 and 3+3). In other words, UE has to assume the worst case codebook concurrency even if network has no intention or use case for such concurrency. Such assumption reduces CSI reporting capability UE can report.
Let’s further extend the above example to a release 16 UE. With compression, higher rank, more beams, and smaller PMI subband, it is not hard to see Release 16 Enhanced Type II codebook requires more processing on CSI engine compared with its release 15 counterpart, hence UE will be able to process less resources. To avoid tabulate in 3-D, we tabulate a few concurrent combinations across three codebooks 
Table 2-2: Example of actual capability of a Rel-16 UE (only shown number of resources)
	Rel-15 Type I
	6
	0
	0
	2
	3
	4
	3
	4
	3
	3
	4

	Rel-15 Type II
	0
	4
	0
	4
	3
	2
	0
	0
	1
	2
	1

	Rel-16 Type II
	0
	0
	3
	0
	0
	0
	3
	2
	2
	1
	1

	Support or not
	Y
	Y
	Y
	N
	N
	Y
	N
	Y
	N
	N
	Y


In Rel-16, the underreporting issue becomes more exacerbated. This is because when UE reports per-codebook capability, it has to consider the worst case where Rel-16 Type II and Rel-15 Type II are being processed simultaneously – regardless of whether network intend to trigger these reports at the same time. Considering the actual UE capability shown in Table with 16-port per resource, 
· For Rel-16 Type II alone, a UE is able to process 3 resources;
· For Rel-16 Type II + Rel-15 Type II + Type I, the UE is able to process 1+1+4 resources at a time, but it is unable to process either 1+2+3 resources or 2+1+3 resources at a time.
To exclude the concurrency case of 1+2+3 resources or 2+1+3 resources for Rel-16 Type II + Rel-15 Type II + Type I, the example UE has no choice but to report 1 resource as Rel-16 Type II codebook capability and 1 resource as Rel-15 Type – lose the actual capability of 4 resources and 3 resources, respectively. Also note as we enable more advanced (computational intensive) codebook, we have to either disable some legacy codebook (drop Rel-15 type II codebook support would allow us to signal 2 resource as Rel16 Type II capability); or scale back legacy codebook capability (in this example, reduce Rel15 Type II capability from 2 to 1 when we turn on Rel16 feature). This leads to a Rel-16 UE may have a lower capability of supporting Rel-15 Type II compared to a Rel-15 UE. Such a regression in CSI capability appears to be an unintended and undesirable consequence of current CSI UE capability definition. 
Hence, based on the discussion, we observe 
Observation 2-1: UE may have to underreport its per codebook capability FG 2-36/2-40/2-41/2-43 to accommodate concurrently triggered codebooks with mixed types.
Observation 2-2: Current UE capability FG2-33 does not solve the per codebook capability underreporting problem as it only captures the envelop of all codebook types and does not manage to exclude particular codebook combinations cases effectively.
Observation 2-3: Current signalling of CSI processing capability may lead to a regression of Rel-15 Type II capability for Rel-16 UE compared to Rel-15 UE. 
To address the underreporting problem, UE need to be allowed to make more reasonable assumption on mixed codebook concurrency.  For a specific codebook combination, network can outright ban this combination; explicitly collect a separate CSI capability from UE; or implicitly deduce capability from per codebook capability.
The most straightforward solution is to avoid UE side concurrent processing of codebooks with mixed types. Note network can still configure different codebook type in report config, just they should not be simultaneously active. This might be reasonable for some codebook combinations (Rel15 type II + Rel16 Type II, for example). However, for other combinations, this solution can be overly restrictive due to the following reasons. 
· The max number of resources reported in FG2-36/40/41/43 is applied to active resources. If the network configures a type I CSI report based on periodic CSI-RS, such type I CSI report would be considered as always active as the active time of periodic CSI-RS starts from the RRC configuration to the deconfiguration. Then, if concurrent processing of different codebooks is avoided, the network may never be able trigger a Type II CSI until receiving RRC to deactive the periodic CSI-RS. 
· Another reason to allow concurrent processing of different codebook types lie in intra-band CA case. For example, a UE may operate on a narrow BWP in CC1 and a wider BWP in CC2, then the network may choose to trigger a Type I CSI in CC1 and a Type II in CC2.
Observation 2-4: Avoid concurrent processing of codebooks with mixed types is too restricted from two perspectives: 1) Type II CSI may never triggered in a Type I CSI is based on periodic CSI-RS; 2) it is useful to allow concurrent processing of different codebook types in intra-band CA case. 
To address the underreporting issue and accommodate useful concurrent codebook combinations with mixed types, there may exist two ways (explicit and implicit scheme), or a mixture of them
· Explicit scheme: Report concurrent codebook capabilities, e.g., Rel-15 Type II + Type I, Rel-16 Type II + Type I;
· Implicit scheme: The combined capability of the concurrent codebooks shall be within the capability of each codebook.
· For concurrent codebook 1 with  and codebook 2 with , where  and  denote the number of ports per resource and the number of resources for codebook  triggered by the gNB, the UE expects  is within the capability report of both codebook 1 and codebook 2.
· E.g., (8,2) Type I + (16,1) Rel-16 Type II is valid if (max{8,16}, 2+1, 8*2+16*1)=(16,3,32) is within the reported capability of Type I and Rel-16 Type II
Table 2-3. Capability signaling with current spec (6 resources for Type I, 2 resources for Type II)
	 
	Rel15 Type I CSI processes

	
	0
	1
	2
	3
	4
	5
	6

	Rel15 Type II CSI processes
	0
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	1
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	 

	
	2
	Yes
	Yes
	Yes
	Yes
	Yes
	 
	 

	
	3
	Yes
	Yes
	Yes
	No
	 
	 
	 

	
	4
	Yes
	Yes
	No
	 
	 
	 
	 

	
	5
	No
	No
	 
	 
	 
	 
	 

	
	6
	No
	 
	 
	 
	 
	 
	 


Table 2-4. Capability signaling with implicit capability signaling (6 resources for Type I, 4 resources for Type II)
	 
	Rel15 Type I CSI 

	
	0
	1
	2
	3
	4
	5
	6

	Rel15 Type II CSI processes
	0
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	1
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	 

	
	2
	Yes
	Yes
	Yes
	Yes
	Yes
	 
	 

	
	3
	Yes
	Yes
	Yes
	No
	 
	 
	 

	
	4
	Yes
	Yes
	No
	 
	 
	 
	 

	
	5
	No
	No
	 
	 
	 
	 
	 

	
	6
	No
	 
	 
	 
	 
	 
	 


Table 2-5. Capability signaling with explicit capability signaling (6 resources for Type I, 4 resources for Type II, 5 resources for Type I + Type II)
	 
	Rel15 Type I CSI 

	
	0
	1
	2
	3
	4
	5
	6

	Rel15 Type II CSI 
	0
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	
	1
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	 

	
	2
	Yes
	Yes
	Yes
	Yes
	Yes
	 
	 

	
	3
	Yes
	Yes
	Yes
	No
	 
	 
	 

	
	4
	Yes
	Yes
	No
	 
	 
	 
	 

	
	5
	No
	No
	 
	 
	 
	 
	 

	
	6
	No
	 
	 
	 
	 
	 
	 


An evaluation of the two schemes is illustrated in Table 2-3, 2-4 and 2-5. The combinations UE can signal support with each scheme are highlighted in green. The boxes with “Yes” but marked in red are the remaining underreported cases. UE would not signal any combination it cannot support, e.g., 3+3, 2+4 and >4 TypeII in this specific example. The UE reports 6 resources for Type I in FG2-36. For Type II,
· With current spec, the UE would have to underreport Type II capability as 2 resources – lose actual capability even when network has no intention to trigger mixed type report.
· With implicit scheme, the UE may report 4 resources – meet the actual capability for no concurrency case, but loss some concurrent codebook combinations. An extreme case (though not shown in Figure 1) is that if UE reports support max 1 resource for Type II, then it may never be scheduled to process Type I + Type II concurrently. 
· With explicit scheme, the UE may report 4 resources and report 5 resources for Type I + Type II. It solves the underreporting issue to a satisfying level by allowing UE reporting a more aggressive value in FG2-41 (i.e., 4). Also, it enables more concurrent processing of Type I + Type II CSIs. 
The drawback of the explicit scheme is possible large RRC overhead, as there are 7 codebook types (i.e., Rel-15 Type I single panel, multi-panel, Rel-15 regular/port-selection Type II, Rel-16 regular/port-selection Type II, and non-PMI based CSI) and the number of combinations is countless. Hence, in our view, a more balanced solution is to combine the explicit and implicit schemes. That is, the UE may report useful codebook combinations via explicit scheme, then apply implicit scheme to the combinations that are not reported. In this way, the RRC overhead is reduced while preserving a certain flexibility in CSI request.
Based on the above discussion, we observe and propose
Observation 2-5: Implicit scheme lose some flexibilities in triggering current CSI reports with mixed codebook types, explicit scheme may cause large RRC overhead, thus a combination of the two schemes may achieve good balance.
Proposal 2-3: In Rel-16, support explicit scheme, or implicit scheme or combination of them to specify UE capability of processing concurrent codebooks with mixed types.
Proposal 2-4: In Rel-16, for UE capability of supporting concurrent codebooks with mixed types, support the following solution:
· Report {codebook1, codebook2, max number of ports per resource, max number of resources, max number of ports} for concurrent codebook with mixed types
· Codebook1 is restricted to Type I (SP/MP), and codebook2 is restricted to Type II (any type, Rel-15/16, regular/port-selection)
· Limit the total number of current capabilities to 4
· For other concurrent codebooks types, the combined capability of the concurrent codebooks shall be within the capability of each codebook;
· Combination of 3 codebooks is not allowed.
· Any combination of type II codebooks is not allowed.
· Else, for concurrent codebook 1 with  and codebook 2 with , where  and  denote the number of ports per resource and the number of resources for codebook  triggered by the gNB, the UE expects  is within the capability report of both codebook 1 and codebook 2.

3. Discussion on mTRP Features
The following changes are proposed for mTRP UE features:

For multi-DCI based mTRP (feature group 16-2a):
· Different component should be different rows. There is no reason to include all components in the same feature group as one type/granularity (per FSPC/per band/etc) may not be suitable for all these components.
· Components 1-3 should be one row. 
· Since support of multi-DCI requires more complexity, the UE should be able to indicate the support of this feature per-CC of per-band and per-band-combination. Hence, per-band is not acceptable for achieving that trade-off, and per FSPC is proposed.
· For components 1 and 2, CORESET 0 should be excluded. This is similar to FG 3-3 (multipleCORESET) in Rel. 15.
· The support of Cap1 vs Cap2 as well as 1TB vs multi-TB per slot (and per CORESET pool index) should be taken into account. This is because the UE should be able to indicate the support of multi-DCI feature per-CC of per-band and per-band-combination in the presence/absence of other features that impact the complexity (such as processing capability, or number of TBs per slot). Hence we propose to add two components to the basic multi-DCI support.
· Components 4-6 (out-of-order) can be a new row.
· “The maximum number of activated TCI states” should be a new row. Note that number of activated TCI states is already a UE capability in Rel. 15 in FG 2-1 (for up to 8 active TCI states). Instead, the following should be added as a separate row.
· Maximum number of activated TCI states per CORESETPoolIndex value
· Maximum total number of activated TCI states only for the case of more than 8 active TCI states.
· “Number of CCs supporting multi-DCI based multi-TRP operation” is not needed if the basic feature group for multi-DCI is per FSPC since UE can indicate the support of multi-DCI per CC of a band in a band combination.
· Optional components can also be grouped into multiple UE feature groups, but we think they should not be all grouped together as in the current version, and only those that are closely related to each other should be grouped.
· Optional components related to PUCCH (separate / joint HARQ-Ack, two long PUCCHs in the case of separate HARQ-Ack) should be one separate row.
· A row for “whether UE supports receiving time-overlapping PDSCHs/PDCCHs with different beams” should be added. This capability is only applicable to FR2 (and the type can be “per band”) and is a prerequisite for “Support of default QCL assumption per CORESETPoolIndex”. It is noted that UE can be capable of supporting multi-DCI in both FR1 and FR2, but in FR2 UE can be only capable of receiving one beam at a given time, which means that the two PDCCHs / PDSCHs with different beams should be TDMed.  

	16-2a
	Multi-DCI based multi-TRP
	Basic components:
1. The maximum number of CORESETs configured per “PDCCH-Config” (other than CORESET 0)
2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config” (other than CORESET 0)
3. The value of R=[1,2] for BD/CCESupport of fully/partially time/frequency overlapped PDSCH reception (PDSCHs overlapping  types in time and frequency domain)
4. PDSCH processing capability for a CC configured with multi-DCI
5. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot

4. Support of out-of-order operation for PDCCH to PDSCH (FFS whether to be a basic component)
5. Support of out-of-order operation for PDSCH to HARQ-ACK (FFS whether to be a basic component)
6. Support of out-of-order operation for PDCCH to PUSCH (FFS whether to be a basic component)
7. FFS: The maximum number of activated TCI states
8. FFS: The maximum number of MIMO layers of scheduled PDSCHs
9. FFS: the maximum number of CCs supporting multi-DCI based multi-TRP

Optional components:
1. Whether the UE shall rate match around configured CRS patterns which is associated with CORESETPoolIndex  (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex
2. FFS: Support of two PDSCH scrambling sequences per serving cell
3. Support of default QCL assumption per CORESETPoolIndex
4. Support of separate HARQ-ACK
5. Support of joint HARQ-ACK
6. Support of two TDMed long PUCCHs in a slot

	TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	Component 1 candidate values: {2, 3, 4}

Component 2 candidate values: {1, 2}

Component 3 candidate values: {1, 2}

Component 4 candidate values: {Capability 1, Capability 2 with scheduling limitation, Capability 2}

Component 5 candidate values: {1, 2, 4, 7}

	TBD

	16-2a-1
	Out-of-order for multi-DCI based multi-TRP
	1. Support of out-of-order operation for PDCCH to PDSCH (FFS whether to be a basic component)
2. Support of out-of-order operation for PDSCH to HARQ-ACK (FFS whether to be a basic component)
3. Support of out-of-order operation for PDCCH to PUSCH (FFS whether to be a basic component)
	16-2a
	
	
	
	Per UE
	
	
	
	
	

	16-2a-2
	Maximum number of active TCI states for multi-DCI based multi-TRP
	1. Maximum number of active TCI states per BWP per CC per value of CORESETPoolIndex (including both data and control)
2. Support 16 active TCI states per BWP per CC, including control and data
	16-2a
	
	
	
	Per band
	
	
	
	Component 1 candidate values: {1, 2, 4, 8}

	

	16-2a-3
	CRS rate matching for multi-DCI based multi-TRP
	Support of rate match around configured CRS patterns which is associated with CORESETPoolIndex and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex
	16-2a
	
	
	
	Per UE
	
	
	
	
	

	16-2a-4
	Multi-beam for multi-DCI based multi-TRP
	Indicates whether UE supports receiving time-overlapping PDSCHs/PDCCHs with different beams

	16-2a
	
	
	
	Per band
	TDD only
	FR2 only
	
	
	

	16-2a-5
	Two default beams for multi-DCI based multi-TRP
	Support of default QCL assumption per CORESETPoolIndex
	16-2a, 16-2a-5
	
	
	
	Per band
	TDD only
	FR2 only
	
	
	

	16-2a-6
	Feedback for multi-DCI based multi-TRP
	1. Support of separate HARQ-ACK
2. Support of joint HARQ-ACK
3. Support of two TDMed long PUCCHs in a slot

	
16-2a
	
	
	
	Per UE
	
	
	
	
	

	16-2a-7
	PDSCH scrambling for multi-DCI based multi-TRP
	FFS: Support of two PDSCH scrambling sequence per serving cell
	16-2a
	
	
	
	Per UE
	
	
	
	
	





For single-DCI based mTRP:
· 16-2b: 
· Support of MAC-CE does not need to be a UE capability since a prerequisite for this is support of at least one of the single-DCI based schemes. UE has to support the new MAC-CE if it indicates support of at least one of 16-2b-1, 16-2b-2, …, 16-2b-5.
· “Number of CCs supporting single-DCI based multi-TRP operation” is not clear. Indicating a number of CCs irrespective of which single-DCI scheme may not achieve the goal intended by adding this component. For features that requires complexity trade-off between # of CCs with and w/o support of that feature, a typical way is to indicate the support per FSPC / per FS. This should be discussed for each single-DCI scheme separately. 
· “Support of default QCL assumption with two TCI states” should be a separate row as it is only relevant for FR2.
· We think that a “basic” feature group is not needed for the single-DCI case, as different schemes have their own characteristics and requirements.
· 16-2b-1: FFS should be removed from components 1 and 3. There is no reason to mandate a particular scheme (e.g. SDM scheme). In addition, without the support of new port entry {0,2,3}, SDM scheme can still be supported. This new port entry is added for rank combination 1+2, which can be scheduled by existing port entry {0,1,2} by using a different TCI codepoint with a reverse order of TCI state pairs.

	16-2b
	Single-DCI based multi-TRP
	Basic component(s):
1. FFS: Support of MAC CE to activate multiple TCI states for a TCI codepoint
1. FFS: Number of CCs supporting single-DCI based multi-TRP operation

Optional components:
1. Support of default QCL assumption with two TCI states
	TBD
	
	N/A
	
	
	N
	TBD
	
	
	TBD

	16-2b-1
	Single-DCI based SDM scheme
	1. FFS: Support of  DCI indication of of 2 TCI states by a codepoint and DMRS ports within two CDM groups
2. Whether supporting two PTRS ports
3. FFS Support of DMRS entry {0, 2, 3}

	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	
	TBD

	16-2b-2
	Single-DCI based FDMSchemeA
	Support of FDMSchemeA

	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	
	TBD

	16-2b-3
	Single-DCI based FDMSchemeB
	1. Support of FDMSchemeB
2. For FDMSchemeB, whether the UE can support CW soft combining

	16-2b, TBD
	
	N/A
	
	TBD [per FSPC]
	N
	TBD
	
	
	TBD

	16-2b-4
	Single-DCI based TDMSchemeA
	1. Support of TDMSchemeA
2. Supported maximum TBS size for TDMSchemeA

	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	Component 2 candidate values {10 CBs, TBD}

	TBD

	16-2b-5
	Single-DCI based inter-slot TDM
	1. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
2. Supported maximum TBS size according to RepNumR16 in PDSCH-TimeDomainResourceAllocation
3. FFS: TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)
	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	Component 1 candidate values: {8,16}

Component 2 candidate values {10 CBs, TBD}

	TBD

	16-2b-6
	Two default beams for single-DCI based multi-TRP
	Support of two default QCL assumptions for single-DCI based multi-TRP
	16-2b
	
	
	
	Per band
	TDD only
	FR2 only
	
	
	




4. Discussion on Multi-Beam Features
On 16-1a, we prefer to distinguish scenarios for SSB vs. CSI-RS as CMR, since SSB as CMR + CSI-RS as IMR may need additional coordination to compute L1-SINR. Specifically, we prefer the following 5 sub-components. In addition, we prefer to remove “FFS” on separate capability of L1-SINR based group report

Proposal 3-1: On 16-1a, support the following 5 sub-components for L1-SINR, and support remove “FFS” on group-based report.
· L1-SINR based on CMR without dedicated IMR
· L1-SINR based on CSI-RS as CMR and dedicated ZP IMR
· L1-SINR based on CSI-RS as CMR and dedicated NZP IMR
· L1-SINR based on SSB as CMR and dedicated ZP IMR
· L1-SINR based on SSB as CMR and dedicated NZP IMR

	16-1a
	L1-SINR reporting
	1. The maximum number of L1-SINR based beam measurement and reporting based on ZP IMR and/or NZP IMR (FFS details on the sub-components, e.g., FG 2-24)
1. L1-SINR based on CMR without dedicated IMR
1. L1-SINR based on CSI-RS as CMR and dedicated ZP IMR
1. L1-SINR based on CSI-RS as CMR and dedicated NZP IMR
1. L1-SINR based on SSB as CMR and dedicated ZP IMR
1. L1-SINR based on SSB as CMR and dedicated NZP IMR
1. FFS: Support of group-based reporting for L1-SINR for each supported component
	TBD 
	
	N/A
	
	TBD
[Per band]
	N
	N
	
	
	TBD




On 16-1b, component 4 & 5, to make the feature work for simultaneous beam update across multiple CCs, we need to have the additional capability on which bands/BCs sharing same DL/UL QCL, based on which gNB can activate same set of TCI state IDs or spatial relation infos for CCs within those bands/BCs. Otherwise, gNB has no clue how to create the applicable CC list. This is also reflected by the corresponding agreement. In addition, we would like to restrict the group CC based beam update to FR2, since this feature is motivated by the fact that multiple CCs may share same analog beamformer on FR2. On 16-1b, component 3, we believe this capability should be on max # of configured PUCCH resource groups, which is up to 4 in RRC configuration. The corresponding candidate value could be 0,1,2,3,4, where 0 indicates UE does not support this feature. On 16-1b, component 1 & 2, the capability can be indicated via the supported max # of CC lists, which is up to 2 in RRC configuration. The corresponding candidate value could be 0,1,2, where 0 indicates UE does not support this feature.  

Proposal 3-2: On 16-1b, support the following proposals
· On component 4 & 5, remove “FFS”, i.e. support UE to report band pairs/groups sharing same DL/UL QCL
· On component 3, support UE to report max number of PUCCH resource groups for simultanoues spatial relation update with candidate value of 0 indicating no support of this feature
· On component 1 & 2, support UE to report max number of CC lists with candidate value of 0 indicating no support of corresponding feature
· Component 1, 2, 4, 5 should be restricted to FR2 only

	16-1b
	TCI state activation and spatial relation update
	1. [Support of / maximum number of lists for] Simultaneous TCI state activation across multiple CCs: PDCCH, PDSCH (FFS whether to be a separate UE feature, e.g. 16-1b)
1. [Support of / maximum number of lists for] Simultaneous spatial relation update across multiple CCs: AP-SRS, SP-SRS
1. [Support of / The maximum number of] PUCCH resource groups per BWP for simultaneous spatial relation update
1. FFS: details on whether/how to indicate band pairs which can share the same DL TCI state
1. FFS: details on whether/how to indicate band pairs which can share the same UL spatial relation info
	Component 1: 2-1, 2-4
Component 2: 2-59, 2-60
Component 3: 2-53, 2-59, 4-24
	
	N/A
	
	TBD
[Per BC or per band]
	N
	Y 
FR2 only for component 1, 2, 4, 5
	
	
	TBD




On 16-1e, component 1, the max # of configured PL RS should include PUCCH as well. It has been agreed that the total configured PL RS # can be up to 64 for PUSCH/SRS/PUCCH. If component 1 does not include PUCCH, the configured PUCCH PL RS can be large. We prefer to have limit on it as well. On 16-1e, component 3, we support UE capability on required sample # for application time of new PL RS. We prefer not to have the fixed 5 samples for all UEs, since the corresponding application latency can be as large as 100 ms if SSB is used as PL RS.

Proposal 3-3: On 16-1e, support the following proposals
· On component 1, support max # of configured PL RS includes PUCCH, in addition to PUSCH/SRS
· On component 3, support UE capability on required sample # for application time of new PL RS, i.e. remove “FFS”

	16-1e
	Pathloss reference RS activation via MAC CE
	1. The maximum number of configured pathloss reference RSs for PUSCH/SRS/PUCCH/PUCCH via MAC CE by RRC for MAC-CE based pathloss reference RS update (FFS whether to be a separate UE feature, e.g. 16-1c)
1. FFS: The maximum number of activated pathloss reference RS update for PUSCH/SRS/PUCCH [across CCs / within a slot across all CCs / per CC] (FFS whether to be a separate UE feature, e.g. 16-1c)
1. FFS: Number of measurement samples N to apply newly activated pathloss reference RS
	8-2, 8-3
	
	N/A
	
	TBD
[Per UE]
	N
	N
	
	
	TBD


[bookmark: _Hlk37348743]

On 16-1f, we prefer capability on max # of SCells for BFR per band, since UE can be configured with only one SCell for BFR per band to reduce monitoring complexity for BFD. In addition, we support separate capability of PUCCH-BFR, which requires additional prioritization rule when collided with normal SR. On 16-1f, component 3, the max # of RS for new beam identifications should be limited across CCs in a slot, since the time density is most critical to UE complexity. 

Proposal 3-4: On 16-1f, support the following proposals
· On component 1, support max # of SCells for BFR per band
· On component 2, support UE capability on PUCCH-BFR, i.e. remove “FFS”
· On component 3, support max # of RS for new beam identification in a slot across all CCs

	16-1f
	SCell beam failure recovery
	1. The maximum number of SCells for SCell beam failure recovery per band (FFS whether to be a separate UE feature, e.g. 16-1d)
2. FFS: Support of PUCCH-BFR (FFS whether to be a separate UE feature, e.g. 16-1d)
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] (FFS to replace this component to 14)
4. FFS: Densigy Density of CSI-RS for new beam identification for SCell BFR 
	2-31
	
	N/A
	
	TBD
	N
	
	
	
	TBD



On 16-1g, we support define a general limit on the total time density of at least NZP CSI-RS for various use cases, including BFD, RLM, PL RS, L1-RSRP, L1-SINR. Because the total time density is the fundamental limitation. In addition, compared with specifying max # per use case, gNB can configure more on some use cases while less on other use cases, as long as the sum is below the total limit. 

Proposal 3-5: On 16-1g, support to at least limit max # of NZP CSI-RS across all CCs in a slot for various use cases, including BFD, RLM, PL RS, L1-RSRP, L1-SINR

	16-1g
	FFS: Resources for beam management, pathloss measurement, and BFR
	1. FFS: The maximum number of SSB/CSI-RS resources across all CCs in a slot 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 across all CCs for pathloss measurement
3. FFS: The maximum number of SSB/CSI-RS resources across all CCs for BFD
4. FFS: The maximum number of SSB/CSI-RS resources across all CCs for new beam identification
	
	
	N/A
	
	TBD
	N
	
	
	
	TBD




5. Discussion on Low PAPR RS UE features
On low PAPR RS, there are three UE features. 
On 16-4 “Low PAPR DMRS for DL”, “Need of FR1/FR2 differentiation” needs to be set to “YES” because a UE can support this feature in FR1 may not able to support this in FR2. 
On 16-6a “Low PAPR DMRS for PUSCH” and 16-6b “Low PAPR DMRS for PUCCH”, these two features need to be “per band”, as a UE may be able support Pi/2 BPSK in one band but not in another band. Furthermore, these two feature should be optional features with capability signaling, as there is strong motivation to force all UEs to support them as mandatory features. 

6. Discussion on UL full power transmission UE features
For 16-5a “UL full power transmission mode 0”, 16-5b “UL full power transmission mode 1”, and 16-5c “UL full power transmission mode 2”, these three features need to be “per FC”, i.e. per band per band combination. A simple example is that, due to UE’s PA, a UE can only support full power on one band. Suppose this UE can support UL CA on two bands. Then depends the band combination is band A+band B, or band A+band C, UE may choose to do full power on different band. For example, for band A+band B, UE may choose to support UL full power on band A. While for band A+band C, UE may choose to support full power on band C. Therefore, these three UE features need to be “per FC”, i.e. per band per band combination.
Furthermore, on 16-5c “UL full power transmission mode 2”, the UE capability for component 3 on SRS resource configuration and component 6 on TPMI group reporting need to be separately signalled from the capability signalling of mode 2. A UE support mode 2 does not necessarily have to support SRS resource configuration with different number of SRS ports or TPMI group reporting on full power. For example, a UE with a 23dBm and a 20 dBm PA can report support mode 2, while without support SRS resource with different ports. NW can configure this UE operating in mode 2 with 2 SRS resource (with different spatial relations), each with two SRS ports. This UE report it can support full power with precoder [1,0], but not with precoder [0,1]. Like illustrated here, the UE does not have to support different number of SRS ports to support mode 2. Therefore, we should decouple the capability report for mode 2 and the SRS related configurations. Similarly, a UE support mode 2 does not necessarily have to support TPMI group reporting. For example, a UE with a a 20dBm and a 20 dBm PA can report it supports mode 2, while does not report any TPMI for full power transmission, then NW should understand that the UE can only support full power on a SRS resource with single port. Then NW should configiure SRS resourecs accordingly. In summary, mode 2, SRS configuration with different number of SRS ports, and full power TPMI reports should be decoupled with separate capability signalling. Therefore, we propose to decouple 16-5c into three separate features, 16-5c “UL full power transmission mode 2”, 16-5d “Multiple SRS resources in set with different number of ports for full power Tx”, and 16-5e “Indication of TPMIs with full power capability”, as listed in the table below. 16-5c is the prerequisite for 16-5d and 16-5e. 

7. Consolidated NR_eMIMO UE features
Based on the above discussion, the consolidated updates on NR-eMIMO UE features are listed in the table below. 

Proposal 7-1: adopte the following changes in the below table for Rel-16 NR-eMIMO UE features. 
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	16. NR_eMIMO



	16-1
	Multi-beam operation 
	1. The maximum number of L1-SINR based beam measurement and reporting based on ZP IMR and/or NZP IMR (FFS whether to be a separate UE feature, e.g. 16-1a)
1. FFS: Support of group-based reporting for L1-SINR
1. Simultaneous TCI state activation across multiple CCs: PDCCH, PDSCH (FFS whether to be a separate UE feature, e.g. 16-1b)
1. Simultaneous spatial relation update across multiple CCs: AP-SRS, SP-SRS (FFS whether to be a separate UE feature, e.g. 16-1c)
1. The maximum number of PUCCH resources per BWP for simultaneous spatial relation update (FFS whether to be a separate UE feature, e.g. 16-1c)
1. Support of default spatial relation pathloss reference RS for dedicated-PUCCH/SRS and PUSCH scheduled by DCI format 0_0
1. [Support of / The maximum number of] spatial relation update for AP-SRS via MAC CE (FFS whether to be a separate UE feature, e.g. 16-1c)
1. The maximum number of configured pathloss reference RS update for PUSCH/SRS/PUCCH via MAC CE (FFS whether to be a separate UE feature, e.g. 16-1c)
1. FFS: The maximum number of activated pathloss reference RS update for PUSCH/SRS/PUCCH [across CCs, within a slot across all CCs]  (FFS whether to be a separate UE feature, e.g. 16-1c)
1. The maximum number of SCells for SCell beam failure recovery  (FFS whether to be a separate UE feature, e.g. 16-1d)
1. FFS: Support of PUCCH-BFR (FFS whether to be a separate UE feature, e.g. 16-1d)
1. 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] (FFS whether to be a separate UE feature, e.g. 16-1d)
1. FFS: Densigy of CSI-RS for SCell BFR

The components in FG 16-1 are separated into individual FGs from 16-1a to 16-1g as follows.
	
TBD for #1
2-1, 2-4 for #2 
2-53, 2-59 for #3-#6
8-2 for #7
2-31 for #8
	
	N/A
	
	TBD
[Per band for #1, #2, #5, #6
Per UE for , #7, #8
Per BC for #3, #4]
	N
	N for #1, #2, #7, #8
Y for #3 - #6
	
	
	Optional

	
	16-1a
	L1-SINR reporting
	1. The maximum number of L1-SINR based beam measurement and reporting based on ZP IMR and/or NZP IMR (FFS details on the sub-components, e.g., FG 2-24)
1. L1-SINR based on CMR without dedicated IMR
2. L1-SINR based on CSI-RS as CMR and dedicated ZP IMR
3. L1-SINR based on CSI-RS as CMR and dedicated NZP IMR
4. L1-SINR based on SSB as CMR and dedicated ZP IMR
5. L1-SINR based on SSB as CMR and dedicated NZP IMR
6.    FFS: Support of group-based reporting for L1-SINR for each supported component
 
	TBD 
	
	N/A
	
	TBD
[Per band]
	N
	N
	
	
	TBD

	
	16-1b
	TCI state activation and spatial relation update
	1. [Support of / maximum number of lists for] Simultaneous TCI state activation across multiple CCs: PDCCH, PDSCH (FFS whether to be a separate UE feature, e.g. 16-1b)
2. [Support of / maximum number of lists for] Simultaneous spatial relation update across multiple CCs: AP-SRS, SP-SRS
3. [Support of / The maximum number of] PUCCH resource groups per BWP for simultaneous spatial relation update
4. FFS: details on whether/how to indicate band pairs which can share the same DL TCI state
5. FFS: details on whether/how to indicate band pairs which can share the same UL spatial relation info
	Component 1: 2-1, 2-4
Component 2: 2-59, 2-60
Component 3: 2-53, 2-59, 4-24
	
	N/A
	
	TBD
[Per BC or per band]
	N
	Y
FR2 only for component 1, 2, 4, 5
	
	
	TBD

	
	16-1c
	Default spatial relation
	Support of default spatial relation and pathloss reference RS for dedicated-PUCCH/SRS and PUSCH scheduled by DCI format 0_0
	2-53, 2-59
	
	N/A
	
	TBD
[Per band]
	N
	Y
	
	
	TBD

	
	16-1d
	MAC CE spatial relation update for AP-SRS
	[Support of / The maximum number of] spatial relation update for AP-SRS via MAC CE (FFS whether to be a separate UE feature, e.g. 16-1c)
	2-53, 2-59
	
	N/A
	
	TBD
[Per UE]
	N
	N
	
	
	TBD

	
	16-1e
	Pathloss reference RS activation via MAC CE
	1. The maximum number of configured pathloss reference RSs for PUSCH/SRS/PUCCH/PUCCH via MAC CE by RRC for MAC-CE based pathloss reference RS update (FFS whether to be a separate UE feature, e.g. 16-1c)
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] (FFS whether to be a separate UE feature, e.g. 16-1c)
3. FFS: Number of measurement samples N to apply newly activated pathloss reference RS
	8-2, 8-3
	
	N/A
	
	TBD
[Per UE]
	N
	N
	
	
	TBD

	
	16-1f
	SCell beam failure recovery
	1. The maximum number of SCells for SCell beam failure recovery per band (FFS whether to be a separate UE feature, e.g. 16-1d)
2. FFS: Support of PUCCH-BFR (FFS whether to be a separate UE feature, e.g. 16-1d)
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] (FFS to replace this component to 14)
4. FFS: Densigy Density of CSI-RS for new beam identification for SCell BFR
	2-31
	
	N/A
	
	TBD
	N
	
	
	
	TBD

	
	16-1g
	FFS: Resources for beam management, pathloss measurement, and BFR
	1. FFS: The maximum number of SSB/CSI-RS resources across all CCs in a slot 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 across all CCs for pathloss measurement
3. FFS: The maximum number of SSB/CSI-RS resources across all CCs for BFD
4. FFS: The maximum number of SSB/CSI-RS resources across all CCs for new beam identification
	
	
	N/A
	
	TBD
	N
	
	
	
	TBD

	
	16-2
	Multi-TRP operation 
	Multi-DCI-based: (FFS whether to be a separate UE feature, e.g. 16-2a)
1. The maximum number of CORESETs configured per “PDCCH-Config”
1. The maximum number of CORESETs configured per CORESETPoolIndex (if configured) per “PDCCH-Config”
1. The value of R=[1,2] for BD/CCE 
1. Whether the UE shall rate match around configured CRS patterns which is associated with CORESETPoolIndex  (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex
1. The maximum number of PUCCH transmissions within a slot
1. Support of fully/partially time/frequency overlapped PDSCH reception (PDSCHs overlapping  types in time and frequency domain) and out of HARQ process.
1. Support of two PDSCH scrambling sequences per serving cell
1. Support of default QCL assumption per CORESETPoolIndex
1. The maximum number of activated TCI states
1. FFS: The maximum number of MIMO layers of scheduled PDSCHs
1. Support of separate HARQ-ACK and/or joint HARQ-ACK
Single-DCI-based: (FFS whether to be a separate UE feature, e.g. 16-2b)
1. Whether supporting two PTRS ports
1. Support of new DMRS entries
1. Support of default QCL assumption with two TCI states
1. FFS: Support of URLLC scheme 1a
1. Support of FDMSchemeA
1. Support of FDMSchemeB
1. Support of TDMSchemeA
1. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
1. For FDMSchemeB, whether the UE can support CW soft combining
1. Supported maximum TBS size for TDMSchemeA
1. Supported maximum TBS size according to RepNumR16 in PDSCH-TimeDomainResourceAllocation
1. FFS: TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)

The previous components in FG 16-2 are separated into individual FGs from 16-2a to 16-2b-5 as follows.
	TBD
	
	N/A
	
	TBC
[Per band]
	N
	TBD
	
	
	TBD

	
	16-2a
	Multi-DCI based multi-TRP
	Basic components:
1. The maximum number of CORESETs configured per “PDCCH-Config” (other than CORESET 0)
2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config” (other than CORESET 0)
3. The value of R=[1,2] for BD/CCESupport of fully/partially time/frequency overlapped PDSCH reception (PDSCHs overlapping  types in time and frequency domain)
4. PDSCH processing capability for a CC configured with multi-DCI
5. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot

4. Support of out-of-order operation for PDCCH to PDSCH (FFS whether to be a basic component)
5. Support of out-of-order operation for PDSCH to HARQ-ACK (FFS whether to be a basic component)
6. Support of out-of-order operation for PDCCH to PUSCH (FFS whether to be a basic component)
7. FFS: The maximum number of activated TCI states
8. FFS: The maximum number of MIMO layers of scheduled PDSCHs
9. FFS: the maximum number of CCs supporting multi-DCI based multi-TRP

Optional components:
1. Whether the UE shall rate match around configured CRS patterns which is associated with CORESETPoolIndex  (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex
2. FFS: Support of two PDSCH scrambling sequences per serving cell
3. Support of default QCL assumption per CORESETPoolIndex
4. Support of separate HARQ-ACK
5. Support of joint HARQ-ACK
6. Support of two TDMed long PUCCHs in a slot
7. 
	TBD
	
	N/A
	
	TBD [per band / per FSPC]
	N
	TBD
	
	Component 1 candidate values: {2, 3, 4}

Component 2 candidate values: {1, 2}

Component 3 candidate values: {1, 2}

Component 4 candidate values: {Capability 1, Capability 2 with scheduling limitation, Capability 2}

Component 5 candidate values: {1, 2, 4, 7}

	TBD

	
	16-2a-1
	Out-of-order for multi-DCI based multi-TRP
	1. Support of out-of-order operation for PDCCH to PDSCH (FFS whether to be a basic component)
2. Support of out-of-order operation for PDSCH to HARQ-ACK (FFS whether to be a basic component)
3. Support of out-of-order operation for PDCCH to PUSCH (FFS whether to be a basic component)
	16-2a
	
	
	
	Per UE
	
	
	
	
	

	
	16-2a-2
	Maximum number of active TCI states for multi-DCI based multi-TRP
	1. Maximum number of active TCI states per BWP per CC per value of CORESETPoolIndex (including both data and control)
2. Support 16 active TCI states per BWP per CC, including control and data
	16-2a
	
	
	
	Per band
	
	
	
	Component 1 candidate values: {1, 2, 4, 8}

	

	
	16-2a-3
	CRS rate matching for multi-DCI based multi-TRP
	Support of rate match around configured CRS patterns which is associated with CORESETPoolIndex and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same value of CORESETPoolIndex
	16-2a
	
	
	
	Per UE
	
	
	
	
	

	
	16-2a-4
	Multi-beam for multi-DCI based multi-TRP
	Indicates whether UE supports receiving time-overlapping PDSCHs/PDCCHs with different beams

	16-2a
	
	
	
	Per band
	TDD only
	FR2 only
	
	
	

	
	16-2a-5
	Two default beams for multi-DCI based multi-TRP
	Support of default QCL assumption per CORESETPoolIndex
	16-2a, 16-2a-5
	
	
	
	Per band
	TDD only
	FR2 only
	
	
	

	
	16-2a-6
	Feedback for multi-DCI based multi-TRP
	1. Support of separate HARQ-ACK
2. Support of joint HARQ-ACK
3. Support of two TDMed long PUCCHs in a slot

	
16-2a
	
	
	
	Per UE
	
	
	
	
	

	
	16-2a-7
	PDSCH scrambling for multi-DCI based multi-TRP
	FFS: Support of two PDSCH scrambling sequence per serving cell
	16-2a
	
	
	
	Per UE
	
	
	
	
	

	
	16-2b
	Single-DCI based multi-TRP
	Basic component(s):
1. FFS: Support of MAC CE to activate multiple TCI states for a TCI codepoint
1. FFS: Number of CCs supporting single-DCI based multi-TRP operation

Optional components:
1. Support of default QCL assumption with two TCI states
	TBD
	
	N/A
	
	
	N
	TBD
	
	
	TBD

	
	16-2b-1
	Single-DCI based SDM scheme
	4. FFS: Support of  DCI indication of of 2 TCI states by a codepoint and DMRS ports within two CDM groups
5. Whether supporting two PTRS ports
6. FFS Support of DMRS entry {0, 2, 3}

	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	
	TBD

	
	16-2b-2
	Single-DCI based FDMSchemeA
	Support of FDMSchemeA

	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	
	TBD

	
	16-2b-3
	Single-DCI based FDMSchemeB
	3. Support of FDMSchemeB
4. For FDMSchemeB, whether the UE can support CW soft combining

	16-2b, TBD
	
	N/A
	
	TBD [per FSPC]
	N
	TBD
	
	
	TBD

	
	16-2b-4
	Single-DCI based TDMSchemeA
	3. Support of TDMSchemeA
4. Supported maximum TBS size for TDMSchemeA

	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	Component 2 candidate values {10 CBs, TBD}

	TBD

	
	16-2b-5
	Single-DCI based inter-slot TDM
	4. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
5. Supported maximum TBS size according to RepNumR16 in PDSCH-TimeDomainResourceAllocation
6. FFS: TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)
	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	Component 1 candidate values: {8,16}

Component 2 candidate values {10 CBs, TBD}

	TBD

	
	16-2b-6
	Two default beams for single-DCI based multi-TRP
	Support of two default QCL assumptions for single-DCI based multi-TRP
	16-2b
	
	
	
	Per band
	TDD only
	FR2 only
	
	
	

	
	16-3
	eType-II codebook 
	Regular eType-II (FFS whether to be a separate UE feature, e.g. 16-3a)
1. FFS: {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II
1. 8 parameter combinations (FFS: Value of L per the number of antenna ports)
1. Number of PMI sub-bands (R=1 is mandatory, FFS: R=2 is mandatory or optional)
1. Rank 1 to 4
1. CBSR 
1. Rank restriction
1. FFS: UCI omission
1. FFS: The maximum number of configured aperiodic CSI Report Settings
1. FFS: Support of mixed codebook types
Port selection eType-II (FFS whether to be a separate UE feature, e.g. 16-3b)
1. FFS: {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II
1. 6 parameter combinations (combos with L=6 don’t apply) (FFS: Value of L per the number of antenna ports)
1. Number of PMI sub-bands (R=1 is mandatory, FFS: R=2 is mandatory or optional)
1. Rank 1 to 4
1. Rank restriction
1. FFS: UCI omission
1. 	FFS: The maximum number of configured aperiodic CSI Report Settings
1. FFS: Support of mixed codebook types

The components in FG 16-3 are separated into individual FGs 16-3a and 16-3b as follows.
	TBD
	
	N/A
	
	FFS: Per band or Per band per BC
	N
	N
	
	
	Optional

	
	16-3a
	Regular eType-II
	1. CSI-RS capability: A list of supported combinations, each combination is of {Max # of Tx ports in one resource, max # of resources and total # of Tx ports} to support regular eType II
2. Support of parameter combinations {support L=6, not support L=6}
3. Number of PMI subbands {R=1, R=1-2}
a. Jointly reported with component 1, i.e., a list of supported combinations, each combination is of { Max # of Tx ports in one resource, max # of resources and total # of Tx ports, R=1 or R=1-2}
4. Supported rank: {1-2, 1-4}
5. Support amplitude subset restriction level {no amplitude subset restriction, support amplitude subset restriction}
Basic components:
1. FFS: {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II
1. 8 parameter combinations (FFS: Value of L per the number of antenna ports)
1. Support of PMI sub-bands with value R=1
1. Rank restriction
1. UCI omission

Optional components
1. Support of PMI sub-bands with R=2
1. Support of rank 3,4
1. CBSR 
1. FFS: The maximum number of configured aperiodic CSI Report Settings
1. FFS: Support of mixed codebook types

	TBD
	YES
	N/A
	Regular eType-II codebook is not supported.
	FFS: Per band or Per band per BC or per band
	N/AN
	N N/A
	
	Component 1 (same to FG2-36/40/41/43): 
Maximum size of the list is 16. 

the candidate values for the max # of Tx port in one resource is 
{4, 8, 12, 16, 24, 32}
The candidate value set of the max # of resources is:
{from 1 to 64}
The candidate value set of total # of ports (including both channel and NZP-CSI-RS based interference measurement) is:
{from 2 to 256}

Component 2 (already agreed in RAN1#99): candidate values {‘support L=6’, ‘not support L=6’}

Component 3: candidate values {‘R=1’, ‘R=1-2’}

Component 4 (already agreed in RAN1#99): candidate values {‘RI={1,2}’, ‘RI={1,2,3,4}’}

Component 5 (already agreed in RAN1 #98b): candidate values { ‘no amplitude subset restriction’, ‘support amplitude subset restriction’} 
	Optional with capability signaling

	
	16-3b
	Port selection eType-II
	1. CSI-RS capability: A list of supported combinations, each combination is of {Max # of Tx ports in one resource, max # of resources and total # of Tx ports} to support eType II port-selection
2. Number of PMI subbands {R=1, R=1-2}
a. Jointly reported with component 1, i.e., a list of supported combinations, each combination is of { Max # of Tx ports in one resource, max # of resources and total # of Tx ports, R=1 or R=1-2}
3. Supported rank: {1-2, 1-4}

Basic components:
1. FFS: {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II
1. 6 parameter combinations (combos with L=6 don’t apply) (FFS: Value of L per the number of antenna ports)
1. Support of PMI sub-bands with value R=1
1. Rank restriction
1. UCI omission

Optional components:
1. Support of PMI sub-bands with R=2
1. Support of rank 3,4
1. FFS: The maximum number of configured aperiodic CSI Report Settings
1. FFS: Support of mixed codebook types
1. 
	TBD
	YES
	N/A
	eType-II port-selection codebook is not supported.
	FFS: Per band or Per band per BC or per band
	N/AN
	N/AN
	
	Component 1 (same to FG2-36/40/41/43): 
Maximum size of the list is 16. 

the candidate values for the max # of Tx port in one resource is 
{4, 8, 12, 16, 24, 32}
The candidate value set of the max # of resources is:
{from 1 to 64}
The candidate value set of total # of ports (including both channel and NZP-CSI-RS based interference measurement) is:
{from 2 to 256}

Component 2: candidate values {‘R=1’, ‘R=1-2’}

Component 3 (already agreed in RAN1#99): candidate values {‘RI={1,2}’, ‘RI={1,2,3,4}’}

	Optional with capability signaling

	
	16-3c
	CSI-RS capabilities for concurrent codebooks with mixed types
	A list of supported combinations, each combination is of {Codebook A, Codebook B, Max # of Tx ports in one resource, max # of resources and total # of Tx ports} to support codebook combinations of codebook A and codebook B.
	TBD
	
	
	
	FFS: Per band or Per band per BC or per band
	
	
	
	The candidate values for Codebook A is {Type I single-panel, Type I multi-panel}

The candidate values for Codebook B is {Type II, Type II port-selection, eType II, eType II port-selection}

the candidate values for the max # of Tx port in one resource is 
{4, 8, 12, 16, 24, 32}
The candidate value set of the max # of resources is:
{from 1 to 64}
The candidate value set of total # of ports (including both channel and NZP-CSI-RS based interference measurement) is:
{from 2 to 256}
	Optional with capability signaling

	
	16-4
	Low PAPR DMRS for DL
	Low PAPR DMRS for PDSCH
	TBD 
	YES
	N/A
	
	Per UE
	N
	NYes
	
	
	[Optional] Optional with capability signaling

	
	16-5
	Power-efficient UL transmission
	UL full power transmission (mode [0], 1, 2)
1. Supported UL full power transmission mode ([mode 0], mode 1, mode 2, [mode1AndMode2])
1. FFS: New UL codebook set(s) per supported mode
1. The maximum number of SRS resources in set with different number of ports [for usage set to ‘codebook’]
1. FFS: Number of ports per SRS resource
1. FFS: Maximum number of different spatial relationship info for all SRS resources for usage set to ‘codebook’ in a resource set
1. TPMI group which delivers full power
Note: UE indicating mode 2 shall support full power transmission for 1 antenna port

The components in FG 16-5 are separated into individual FGs from 16-5a to 16-5c as follows.
	 [2-13, 2-14] for #1-#3
	
	N/A
	
	Per UE
	N
	N
	
	
	TBD 

	
	16-5a
	UL full power transmission mode 0
	1. Supported UL full power transmission [mode 0]
1. Number of Tx to support mode 0: {2Tx, 4Tx, 2Tx_4Tx}
	2-13, 2-14
	YES
	N/A
	YES
	FFS: Per FS or Per band or Per band per BC FS
	NNA
	NNA
	
	Component-1 candidate value set: {‘supported’, ‘not supported’}
Component-2 candidate value set: {2Tx, 4Tx,2Tx_4Tx }
	TBD Optional with capability signalling

	
	16-5b
	UL full power transmission mode 1
	1. Supported UL full power transmission mode 1
1. Number of Tx to support mode 1: {2Tx, 4Tx, 2Tx_4Tx}
1. FFS: New UL codebook set(s) per supported mode per supported Tx
	2-13, 2-14
	YES
	N/A
	YES
	FFS: Per FS or Per band or Per band per BC FS
	NNA
	NNA
	
	Component-1 candidate value set: {‘supported’, ‘not supported’}
Component-2 candidate value set: {2Tx, 4Tx,2Tx_4Tx }
	TBD Optional with capability signalling

	
	16-5c
	UL full power transmission mode 2
	1. Supported UL full power transmission mode 2
1. Number of Tx to support mode 2: {2Tx, 4Tx, 2Tx_4Tx}
1. 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.
1. FFS: Number of ports per SRS resource
1. FFS: Maximum number of different spatial relation info for all SRS resources for usage set to ‘codebook’ in a resource set
1. 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
	YES
	N/A
	YES
	FFS: Per FS or Per band or Per band per BC FS
	NNA
	NNA
	
	Component-1 candidate value set: {‘supported’, ‘not supported’}
Component-2 candidate value set: {2Tx, 4Tx,2Tx_4Tx }
	TBD Optional with capability signalling

	
	16-5d
	Multiple SRS resources in set with different number of ports for full power Tx 
	1. Support multiple SRS resources in SRS resource set with different number of ports for 2Tx
2. Maximum number of SRS resources in an SRS resource set for 2Tx
3. Support multiple SRS resources in set with different number of ports for 4Tx
4. Maximum number of SRS resources in an SRS resource set for 4Tx
	16-5c
	Yes
	N/A
	Yes
	FS
	N/A
	N/A
	
	Component-1 candidate value set: {‘supported’, ‘not supported’}
Component-2 candidate value set: {2, 3, 4}
Component-3 candidate value set: {‘supported’, ‘not supported’}
Component-4 candidate value set: {2, 3, 4}
	Optional with capability signalling

	
	16-5e
	Indication of TPMIs with full power capability
	TPMI group which delivers full power
1) TPMIs for 2Tx
2) TPMIs for 4Tx non-coherent
3) TPMIs for 4Tx partially coherent

	16-5c
	Yes
	N/A
	Yes
	FS
	N/A
	N/A
	
	Component-1:
2-bit bitmap, b0, b1
Component-2:
2-bit: {G0, G1, …, G3}
Component-3:
4-bit: {G0, G1, …, G6}
	Optional with capability signalling

	
	16-6
	Low PAPR DMRS for UL

	1. For PUSCH without transform precoding
1. For PUSCH with transform precoding and with pi/2 BPSK modulation
1. For PUCCH format 3 and/or PUCCH format 4 with transform precoding and with pi/2 BPSK modulation

The components in FG 16-6 are separated into individual FGs 16-6a and 16-6b as follows.
	TBD for #1-#3

	
	N/A
	
	Per UE
	N
	N
	
	
	TBD

	
	16-6a
	Low PAPR DMRS for PUSCH
	1. For PUSCH without transform precoding
1. For PUSCH with transform precoding and with pi/2 BPSK modulation

	TBD
	YES
	N/A
	YES
	FFS: Per band
	NNA
	NNA
	
	Component-1 candidate value set: {‘supported’, ‘not supported’}
Component-2 candidate value set: {‘supported’, ‘not supported’}
	 FFS: Optional with capability signalling

	
	16-6b
	Low PAPR DMRS for PUCCH
	For PUCCH format 3 and/or PUCCH format 4 with transform precoding and with pi/2 BPSK modulation
	TBD
	YES
	N/A
	YES
	FFS: Per band
	NNA
	NNA
	
	
	 FFS: Optional with capability signalling
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