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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 R1-2003073. 
2. Discussion on CSI UE features
On 16-3a/3b, 16-3a/3b- and 16-8, the granularity should be per FS, as CSI-RS capabilities associated with all codebooks FG2-36/40/41/43 are reported per FS. On subfeatures 16-3a-2/3/4 and 16-3b-2, the granularity is per-band.
On 16-8, the intention is to restrict scheduling active CSI-RS resources for concurrent codebooks with mixed types, so as to resolve the underreporting issue for each codebook type. In general, there exist three ways to achieve the restriction:
· Option 1 (Explicit capability reporting): Report concurrent codebook capabilities, e.g., Type II + Type I, eType II + Type I;
· Option 2 (rule-based): 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
· Option 3: Avoiding concurrent processing of codebooks with mixed types
Option 3 is the most straightforward solution (Note network can still configure different codebook type in report config, just they should not be active in any slot). This might be reasonable for some codebook combinations (Type II + eType 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.
Option 1 and 2 address the underreporting issue and accommodate useful concurrent codebook combinations with mixed types. An evaluation of the two schemes is illustrated in Table 2-1, 2-2 and 2-3. “Yes” and “No” mean UE’s actual capability of supporting the codebook combinations. 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.
· With current spec, the UE reports 6 resources for Type I in FG2-36, while the UE would have to underreport capability as 2 resources for Type II – lose actual capability even when network has no intention to trigger mixed type report.
· With option 2, the UE reports 6 resources for Type I in FG2-36, while the UE may report 4 resources for Type II – 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 option 1, the UE reports 6 resources for Type I in FG2-36, while the UE may report 4 resources for Type II 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.
Table 2-1. Capability signaling with current spec (6 resources for Type I, 2 resources for Type II)
	 
	Rel15 Type I CSI resources

	
	0
	1
	2
	3
	4
	5
	6

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

	
	0
	1
	2
	3
	4
	5
	6

	Rel15 Type II CSI resources
	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 2-3. Capability signaling with option 1 (6 resources for Type I, 4 resources for Type II, 5 resources for Type I + Type II)
	 
	Rel15 Type I CSI resources

	
	0
	1
	2
	3
	4
	5
	6

	Rel15 Type II CSI resources
	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
	 
	 
	 
	 
	 
	 


The drawback of the option 1 is possible large RRC overhead, as there are 6 codebook types and the number of combinations is countless. Hence, in our view, a more balanced solution is to combine the option 1, 2 and 3. That is, the UE may report useful codebook combinations via option 1, then apply option 2 and 3 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 2-1: Option 3 (avoiding concurrent processing of codebooks with mixed types) useful to restrict non-typical codebook combinations, e.g., Type II + eType II and combination of more than 2 codebook types, but it 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) typical codebook combinations, e.g., Type I + (e)Type II, is also avoided. 
Observation 2-2: Option 2 (rule-based scheme) lose some flexibilities in triggering current CSI reports with mixed codebook types, option 1 (explicit signaling) may cause large RRC overhead.
Proposal 2-1: In Rel-16, support option 1 (explicit capability signalling), option 2 (rule-based scheme), option 3 (avoiding concurrent processing of codebooks with mixed types) or combination of them to specify UE capability of processing concurrent codebooks with mixed types as the following table
	Number of codebooks in concurrency
	Mixed codebook types
	Solution

	>2
	Any types
	Option 3

	=2
	Any pair of {Type II, Type II PS, eType II, eType II PS}
	Option 3

	
	Type I SP + Type I MP
	Option 1 (with limited number of signalings) + option 2 (applied to the rest not signalled in option 1)

	
	Type I SP/MP + any of {Type II, Type II PS, eType II, eType II PS}
	



Proposal 2-2: For FG16-8, support the following components. Also capture in TS38.14 spec that option 3 (avoiding concurrent processing of codebooks with mixed types) for more than 2 codebook concurrencies and any combination of {Type II, Type II PS, eType II, eType II PS}, option 2 (rule-based scheme) is applied to codebook concurrencies not signalled in FG16-8 and not avoided by option 3.
	16-8
	Active CSI-RS resources and ports for mixed codebook types in any slot
	Signaling {CB1, CB2, max # Tx ports per resource, max # resource, max # total ports} 



3. [bookmark: _Hlk40446096]Discussion on mTRP Features
For multi-TRP features, we discuss the FGs related to multi-DCI based multi-TRP and single-DCI based multi-TRP in the following two sub-sections, respectively.

3.1 Discussions on mullti-DCI based mTRP features
Regarding FG 16-2a and FG 16-2a-9: 
· The type of the FG should be per FSPC. 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. Note that the FG 16-2a-9 cannot achive the required flexibility that is needed for the UE to indicate the support of multi-DCI based mTRP. A 20MHz CC does not have the same complexity as a 400MHz CC. In addition, the number of CCs that are supported with multi-DCI depends on a band combination support. For example, in a first band combination where UE indicates support of 8 CCs, a larger number of CCs can be supported with multi-DCI based mTRP compared to a second band combination where UE indicates support of 16 CCs. Hence, FG 16-2a-9 sould be removed while the type of FG 16-2a can be kept per FSPC.
· We propose to add two components to the FG for “PDSCH processing capability” and for “maximum number of unicast PDSCHs per CORESETPoolIndex per slot”. 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. Regarding “maximum number of unicast PDSCHs per CORESETPoolIndex per slot”, it should be noted that this is aligned with all the other features in multi-DCI based multi-TRP that is defined per CORESETPoolIndex value (e.g. # of CORESETs, # BD/CCE limit, etc.)
· “The value of R” can be removed as it this is now a new FG (FG 16-2a-10).

Regarding FG 16-2a-0 and FG 16-2a-8: As discussed in the previous meeting, the aspects related to simultaneous QCL-TypeD are covered in FG 16-2a-8, which is applicable also across CCs in FR2 (for intra-band CA). Hence, time overlapping PDSCHs in the same CC in FG 16-2a-0 should not be confused with FG 16-2a-8. We propose to remove the bracket around PDSCH in FG 16-2a-8.

Regarding FG 16-2a-1: Since maximum number of MIMO layers per scheduled PDSCH is one of the components, this FG should be per FSPC. Alernatively, this component can be removed from the FG in which case the type can be per band.

Regarding FG 16-2a-3i (newly added row): If UE indicates support of out-of-order operation for PDCCH to PUSCH through FG 16-2a-3, uplink power control in the case of same closed loop index for PUSCHs associated with different CORESETPoolIndex values should be an optional feature. The reason is as follows: In Rel. 15, the TPC command accumulation procedures as described in 38.213 Section 7.1.1 in which the equation [image: ]is used. When PDCCH to PUSCH is in-order as in Rel. 15, the procedures are fairly simple with respect to when a TPC command should be considered for a PUSCH transmission. However, when out-of-order operation for PDCCH to PUSCH is allowed, and in the case that two closed loop indexes are not configured for PUSCH transmissions corresponding to the two values of CORESETPoolIndex, the ordering in which TPC commands in the DCI should be considered for each PUSCH transmission requires more complex handling at the UE side as shown in the Figure below: In the absence of DCI3 and PUSCH3 (which are associated with CORESETPoolIndex=1 and are out-of-order with respect to DCI2 and PUSCH2), PUSCH1 power is increased by 1dB and PUSCH2 power by 2dB as the TPC command in DCI2 applies to PUSCH2. However, in the presence of DCI3 and PUSCH3, UE needs to ensure that TPC commands are not double counted, and TPC command in DCI3 may be applied before transmission of PUSCH3 takes place. These additional complexities are taken care of if the network uses different closed loop indices for PUSCHs corresponding to different CORESETPoolIndex vlues.



[image: ]

Regarding FG 16-2a-4: A UE that supports separate HARQ-Ack feedback for multi-DCI based mTRP may not support two long PUCCHs within one slot. Hence, we propose to change the second component to maximum number of long PUCCHs within one slot for more flexible signalling so that UE can indicate either 1 or 2.

Regarding FG 16-2a-6: A pre-requisite for supporting two default QCL assumptions is the support of two simultaneous QCL-TypeD (FG 16-2-8), and both are applicable to FR2 only.

Regarding FG 16-2a-7: 
· It should be clarified that both components represent the maximum number of active TCI states for both data and control, which is the similar to the Rel. 15 FG 2-4.
· For componenet 2, the value cannot be arbitrary, e.g., it cannot be smaller than component 1. However, it is possible that the value is either the same as componenet 1 or it is twice as the value indicated by component 1.

Regarding FG 16-2a-10: The value of R should be signalled per band combination since it is possible that the UE supports R=2 for a given band combination (e.g. with smaller number of total supported CCs) while it supports R=1 for a different band combination (e.g. with larger number of total supported CCs).









	16-2a
	Multi-DCI based multi-TRP
	1. The maximum number of CORESETs configured per “PDCCH-Config”
2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config”
3.  The value of R=[1,2] for BD/CCE
4. [Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency] [for FR1]
5. PDSCH processing capability for a CC configured with multi-DCI
6. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot
FFS whether default value of R is needed
	TBD
	
	N/A
	
	TBD [per band / pPer FSPC]
	N
	TBDN/A
	
	Component 1 candidate values: {2, 3, 4, 5}

Component 2 candidate values: {1, 2, 3}

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

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

	TBD

	16-2a-0
	Overlapping PDSCHs in time and non-overlapping in frequency
	1. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency [merge with 16-2a? Merge with 16-2a-8?] [FR2 only?]
	16-2a
	
	
	
	Per FSPC
	
	
	
	
	

	16-2a-1
	Simultaneous reception of Multiple PDSCHs overlapping in frequency
	1. Support fully overlapping PDSCHs at frequency and partially/fully overlapping at time
2. Support partially overlapping PDSCHs in frequency and partially/fully overlapping in time
3. The maximum number of MIMO layers of each scheduled PDSCH [if  PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain]
4. The maximal number of PDSCH scrambling sequences per serving cell
FFS whether default values of component 3/4 to be included in 16-2a
	16-2a, 16-2a-0
	
	
	
	Per FSPC
	
	
	
	
	

	16-2a-2
	Out-of-order operation for DL
	1. Support out-of-order operation for PDCCH to PDSCH
2. Support out-of-order operation for PDSCH to HARQ-ACK
	16-2a
	
	
	
	Per band
	
	
	
	Note: this FG is a WA in RAN1
	

	16-2a-3
	Out-of-order operation for UL
	1. Support out-of-order operation for PDCCH to PUSCH



	16-2a
	
	
	
	Per band
	
	
	
	
	

	16-2a-3i
	Out-of-order operation for UL with same closed loop index
	1. Support out-of-order operation for PDCCH to PUSCH with same closed loop index for power control across PUSCHs associated with different CORESETPoolIndex values

	16-2a, 16-2a-3
	
	
	
	Per band
	
	
	
	
	

	16-2a-4
	HARQ-ACK for multi-DCI based multi-TRP - separate
	1. Support of separate HARQ-ACK
1. [Support of two TDMed long PUCCHs in a slot]Supported maximum number of long PUCCHs within a slot for separate HARQ-Ack
	16-2a
	
	
	
	Per band
	
	
	
	Component 2 candidate values: {1, 2}

	

	16-2a-4a
	HARQ-ACK for multi-DCI based multi-TRP - joint
	1. Support of joint HARQ-ACK 
	16-2a
	
	
	
	Per band
	
	
	
	
	

	16-2a-5
	Separate CRS rate matching
	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

	16-2a, TBD
	
	
	
	Per band
	
	
	
	
	

	16-2a-6
	Default QCL enhancement for multi-DCI based multi-TRP
	Support of default QCL assumption per CORESETPoolIndex
	16-2a, 16-2a-8
	
	
	
	Per band
	TDD only
	FR2 only
	
	
	

	16-2a-7
	Maximum number of activated TCI states
	1. Support of maximum per CORESETPoolIndex (including both data and control)
1. Support of total maximum
FFS whether default values to be included in 16-2a
	16-2a
	
	
	
	Per band
	
	
	
	Component 1 candidate values: {1, 2, 4, 8}

Component 2 candidate values: {same as component 1, twice of component 1}
	

	16-2a-8
	Simultaneous reception with different Type-D
	whether UE supports receiving time-overlapping [PDSCHs]/PDCCHs with different Type-D
FFS whether default values to be included in 16-2a
	16-2a
	
	
	
	Per band
	TDD only
	FR2 only
	
	
	

	16-2a-9
	[Simultaneous reception across CCs with Multi-DCI]
	[The maximum number of CCs supporting multi-DCI based multi-TRP simultaneously]
	
	
	
	
	
	
	
	
	Note: If the type of 16-2a is agreed to be FSPC or Fs this FG will be removed 
	

	16-2a-10
	Value of BD factor
	R=[(1,2] for BD/CCE
	16-2a
	
	
	
	Per BC
	
	
	
	
	



3.2 Discussions on single-DCI based mTRP features
Regarding FG 16-2b-1i (newly added row): Support of two PTRS ports should be a separate capability. UE should be able to indicate support of SDM scheme without support of two PTRS ports, which is aligned with the following agreement:
Agreement
Support two PTRS ports for single-PDCCH based multi-TRP/Panel transmission at least for eMBB and URLLC scheme 1a if two TCI states are indicated by one TCI code point, whereas the first/second PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the first/second indicated TCI state, respectively  
· RRC signalling is used to configure the two PTRS ports
· Note that whether supporting two PTRS ports is subject to UE capability
· FFS: Applicability for other cases

Regarding FG 16-2b-1j (newly added row): Support of the new DMRS port {0,2,3} should be a separate capability. This entry is added for support of 1+2 layers. However, this feature is not essential to SDM scheme as rank combination 1+2 can be achived even with the Rel. 15 DMRS entry {0,1,2} as long as one TCI codepoint is used for (TCI state x, TCI state y) and another for (TCI state y, TCI state x). 

Regarding FG 16-2b-3i: For FDMSchemeB, the type should be per FSPC. This is because the UE may need to use two recive processing chains to demodulate the two copies at the same time, which is similar to the case of two overlapping PDSCHs in multi-DCI from UE processing point of view. If the type is per FSPC, it can address different UE implementation choices as the UE can indicate in which CC of a band of a band combination this feature is supported.

Regarding FG 16-2b-3i (newly added row): It is already agreed that support of codeword soft combining is an additional UE capability (in addition to support of FDMSchemeB).
Agreement
For M-TRP based URLLC, support both 2a and 2b 
· Scheme 2a and 2b have separate UE capabilities.
· For scheme 2b, 
· Additional UE capability is specified to inform the gNB whether the UE can support CW soft combining 
· Support up to two-layer transmission 
· In the case of one layer, up to two CBs per CW 
· In the case of two layers, one CB per CW 


	16-2b-0
	Two default beams for single-DCI based multi-TRP
	Support of default QCL assumption with two TCI states
	16-2b
	
	N/A
	
	Per band
	TDD only
	FR2 only
	
	
	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. Support of two PTRS ports
3. FFS Support of DMRS entry {0, 2, 3}

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

	16-2b-1i
	Two PTRS ports
	1. Support of two PTRS ports for SDM
	16-2b-1
	
	
	
	Per band
	
	
	
	
	

	16-2b-1j
	DMRS port {0, 2, 3}
	1. Support of DMRS entry {0, 2, 3}
	16-2b-1
	
	
	
	Per band
	
	
	
	
	

	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
	
	 [per FSPC]
	N
	TBD
	
	
	TBD

	16-2b-3i
	CW soft combining for FDMSchemeB
	1. Support of CW soft combining for FDMSchemeB
	16-2b-3
	
	
	
	Per FSPC
	
	
	
	
	

	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 MAC CE to activate two TCI states for a TCI codepoint
2. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
3. Supported maximum TBS size according to RepNumR16 in PDSCH-TimeDomainResourceAllocation
4. FFS: TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)
	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	Component 1 2 candidate values: {8,16}

Component 2 3 candidate values {10 CBs, TBD}

	TBD




4. Discussion on Multi-Beam Features

On 16-1a-1, the required changes are as below
· Similar to CSI-RS as CMR in component 9, we prefer to have a new component for max # of SSB across all CCs configured as CMR, i.e. having a separate capability on the combination of SSB as CMR + CSI-RS as IMR. 
· Because this combination is harder for implemention due to different periodicities of CMR and IMR. Because SSB as CMR has fixed periodicity, which can be different from IMR. At each reporting time, UE needs to pair the IMR occasion with the closest SSB occasion as CMR among all stored SSB measurements before the reporting time. We have no issue for CSI-RS as both CMR and IMR, which are expected to have same periodicity, and UE does not need to do this dynamic pairing for every L1-SINR computation.  
· Also, component 5 should be changed as below to match the counterpart in component 1


	
	16-1a-1
	SSB/CSI-RS for L1-SINR measurement
	1. The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured as CMR to measure L1-SINR within a slot shall not exceed MB_1
2. The max number of CSI-IM resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-SINR within a slot shall not exceed MB_1-1
3. The max number of NZP-IMR resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-SINR within a slot shall not exceed MB_1-2
4. The max number of SSB/CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs   configured to measure L1-SINR (including CMR and IMR) within a slot shall not exceed MB_1-3
5. The max number of SSB/CSI-RS (1Tx)/CSI-IM resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured as CMR to measure L1-SINR (including CMR and IMR) shall not exceed MC_1
6. The max number of CSI-IM resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-SINR shall not exceed MC_1-1
7. The max number of NZP IMR resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-SINR shall not exceed MC_1-2
8. The max number of SSB/CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-SINR (including CMR and IMR) shall not exceed MC_1-3
9. The max number of CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured as CMR to measure L1-SINR within a slot shall not exceed MB_2
10. Supported density of CSI-RS (CMR)
11. The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-SINR (including CMR and IMR) shall not exceed MD_1
12. The max number of SSB across all CCs configured as CMR to measure L1-SINR within a slot shall not exceed MB_3
	2-21, 2-22 or 2-23, 2-23a
	
	
	
	Per band
	
	
	
	
	Optional with capability signaling

Component-1 to 4, candidate value set for MB_1 and MB_1-x is {0, 8, 16, 32, 64}


Component-5 to 8, candidate value set for MC_1 and MC_1-x is {0, 4, 8, 16, 32, 64}

Component-9, candidate value set for MB_2 is {0, 4, 8, 16, 32, 64}

Component-10: candidate value set: 
{"not supported", "1 only", "3 only", "both 1 and 3"}

Component-11, candidate value set for MD_2 is {0, 1, 4, 8, 16, 32, 64}


Component-12, candidate value set for MB_3 is {0, 4, 8, 16, 32, 64}




On 16-1b, the required changes are as below
· Remove the “FFS” in both 16-1b and 16-1b-2. 
· Motivation of the FFS
· As background, the simultaneous beam update per CC list feature is motivated by the common UE analog beam, at least that is our initial motivation. In the initial RAN1 agreement (the one with 2 examples), we have the wording of “UE is expected to have same QCL-Type D across the CCs if indicating common analog beam for those CCs”. But we didn’t insist to mandate this in spec due to gNB vendors’ preference for flexibility. Here, we only propose for UE to indicate common beam for a group of bands to recommend gNB to use same Tx beam on them. 
· Use of this FFS in this FG
· This FFS can provide recommendation at least from UE point of view on the choice of CC lists. For example, if UE reports 2 bands sharing same analog beam, then gNB can configure both bands in one CC list, and use one MAC-CE to update this common beam link. If UE reports 2 bands having separate analog beams, then gNB can configure two bands in two CC lists, and use two MAC-CEs to optimize the two beam links independently, since the best beam per band can be different due to different interference and frequency selective fading. The FFS informs gNB that it can exploit the two degrees of freedom at UE. 
· More extensive use of this FFS
· We agree that this FFS can serve as a recommendation for common Tx beam in case of inter-band CA in general, even when simultaneous beam update across CCs is not enabled. We are fine if people agree to have it as a separate FG. If no consensus, it should be in 16-1b to serve this FG, and UE at least has one place to provide this feedback. 
· Both 16-1b and 16-1b-2 should be per UE
· The support of simultaneous beam update across CCs should be per UE, not per band or per BC.
· The FFS in component 2 should also be per UE, e.g. UE can report each group of band indexes sharing same analog beam. 
· Restrict 16-1b and 16-1b-2 only to FR2
· As mentioned before, this feature is originally motivated by the common UE ananlog beam, which only exists in FR2. For FR1, each CC has independent digital beam. Therefore, gNB ideally should use one MAC-CE per CC to optimize each beam per CC. So we didn’t see strong use case in FR1. 

	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 Iindicate group of bands pairs which can share the same DL TCI statespatial filter
	Component 1: 2-1, 2-4
	
	N/A
	
	[Per BC or per band]Per UE
	No
	Yes
	FR2 only
	
	FFS

	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 Iindicate group of bands pairs which can share the same UL spatial filterrelation info
	Component 1: 2-59, 2-60

	
	N/A
	
	Per UE[Per BC or per band]
	No
	Yes
	FR2 only
	
	FFS



On 16-1d, the required changes are as below
· Remove the “maximum number of”, and restrict this feature to FR2 only
	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
	2-53, 2-59
	
	N/A
	
	[Per UE]
	No
	[No]
	FR2 only
	
	FFS



On 16-1e, the required changes are as below
· For component 2, remove the “FFS” and select the option for “within a slot across all CCs”, since the time density is most critical to UE. 
	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
	8-2, 8-3
	
	N/A
	
	[Per UE]
	No
	No
	
	
	FFS



On 16-1f, the required changes are as below
· For component 2, remove “FFS” for PUCCH-BFR, i.e. as a separate capability. Because PUCCH-BFR needs to have additional priority rule when overlapped with normal SRs
· For component 3, remove the “FFS” and select the option for “within a slot across all CCs”, since the time density is most critical to UE.
· For component 4, prefer to remove it, since R15 has no such capability, and the candidate beam should have no difference from R15

	16-1f
	SCell beam failure recovery
	1. The maximum number of SCells [configured] for SCell beam failure recovery [simultaneously]
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 
	2-31
	
	N/A
	
	FFS
	No
	
	
	
	FFS



On 16-1g, the required changes are as below
· For component 1, remove the bracket on “within a slot”, since time density is most critical to UE, and remove bracket on PL RS, BFD RS, and NBI, since total RS time density is the fundamental bottle neck.
· For component 2, same as component 1 but without “within a slot”.
· For other components, they can be removed, since the total limits in component 1 & 2 are sufficient. 


	16-1g
	Resources for beam management, [pathloss measurement, BFD, and BFR]
	1. The maximum number of SSB/CSI-RS/[CSI-IM]  resources [within a slott] across all CCs for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, and new beam identification]
2. The maximum number of SSB/CSI-RS resources across all CCs for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, and new beam identification
3. FFS: The maximum number of SSB/CSI-RS resources within a slot across all CCs for pathloss measurement
4. FFS: The maximum number of SSB/CSI-RS resources within a slot across all CCs for BFD
5. FFS: The maximum number of SSB/CSI-RS resources across all CCs for new beam identification
	
	
	N/A
	
	FFS
	No
	
	
	
	FFS





5. Discussion on Low PAPR RS UE features
On low PAPR RS, there are four UE features.  
On 16-4 “Low PAPR DMRS for DL”, this feature has to be “per band”, as a UE may be able to support it in one band, but not in another band. For example, UE can support this feature in licensed band, but not in unlicensed band. Furthermore, for this feature, “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. Last but not least, this feature should be optional with capability signaling. 
On 16-6a “Low PAPR DMRS for PUSCH without transform precoding”, 16-6b “Low PAPR DMRS for PUCCH”, and 16-6c “Low PAPR DMRS for PUSCH with transform precoding and with pi/2 BPSK”, these three 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 three features should be optional features with capability signaling, as there is no 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”, this UE feature needs to be decoupled into two separate UE features and separately signalled. A UE support mode 2 does not necessarily have to support SRS resource configuration with different number of SRS ports and TPMI group reporting on full power at the same time. 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 two separate features, 16-5c is “UL full power transmission mode 2”, including “Multiple SRS resources in set with different number of ports for full power Tx” as a component. 16-5d “Indication of TPMIs with full power capability”, as listed in the table below, should be a separate UE feature. 16-5c is the prerequisite for 16-5d. 
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

	
	16-1a-1
	SSB/CSI-RS for L1-SINR measurement
	1. The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured as CMR to measure L1-SINR within a slot shall not exceed MB_1
2. The max number of CSI-IM resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-SINR within a slot shall not exceed MB_1-1
3. The max number of NZP-IMR resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-SINR within a slot shall not exceed MB_1-2
4. The max number of SSB/CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs   configured to measure L1-SINR (including CMR and IMR) within a slot shall not exceed MB_1-3
5. The max number of SSB/CSI-RS (1Tx)/CSI-IM resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured as CMR to measure L1-SINR (including CMR and IMR) shall not exceed MC_1
6. The max number of CSI-IM resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-SINR shall not exceed MC_1-1
7. The max number of NZP IMR resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-SINR shall not exceed MC_1-2
8. The max number of SSB/CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-SINR (including CMR and IMR) shall not exceed MC_1-3
9. The max number of CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured as CMR to measure L1-SINR within a slot shall not exceed MB_2
10. Supported density of CSI-RS (CMR)
11. The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-SINR (including CMR and IMR) shall not exceed MD_1
12. The max number of SSB across all CCs configured as CMR to measure L1-SINR within a slot shall not exceed MB_3
	2-21, 2-22 or 2-23, 2-23a
	
	
	
	Per band
	
	
	
	
	Optional with capability signaling

Component-1 to 4, candidate value set for MB_1 and MB_1-x is {0, 8, 16, 32, 64}


Component-5 to 8, candidate value set for MC_1 and MC_1-x is {0, 4, 8, 16, 32, 64}

Component-9, candidate value set for MB_2 is {0, 4, 8, 16, 32, 64}

Component-10: candidate value set: 
{"not supported", "1 only", "3 only", "both 1 and 3"}

Component-11, candidate value set for MD_2 is {0, 1, 4, 8, 16, 32, 64}


Component-12, candidate value set for MB_3 is {0, 4, 8, 16, 32, 64}


	
	16-1a-2
	Non-group based L1-SINR reporting
	1. Support of non-group based L1-SINR reporting with N_max L1-SINR values reported
	16-1a-1
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling

Candidate value set is {1, 2, 4}

	
	16-1a-3
	Group based L1-SINR reporting
	1. Support of group based L1-SINR reporting
	16-1a-1
	
	
	
	Per band
	
	
	
	
	Optional with capability signalling

	
	16-1b
	TCI state activation and spatial relation update
	3. Support of Simultaneous TCI state activation across multiple CCs: PDCCH, PDSCH
4. FFS: details on whether/how to Iindicate group of bands pairs which can share the same DL TCI statespatial filter
	Component 1: 2-1, 2-4
	
	N/A
	
	[Per BC or per band]Per UE
	No
	Yes
	FR2 only
	
	FFS

	
	16-1b-2
	Spatial relation update across multiple CCs
	3. Support of Simultaneous spatial relation update across multiple CCs: AP-SRS, SP-SRS
2. FFS: details on whether/how to Iindicate group of bands pairs which can share the same UL spatial filterrelation info
	Component 1: 2-59, 2-60

	
	N/A
	
	Per UE[Per BC or per band]
	No
	Yes
	FR2 only
	
	FFS

	
	16-1b-3
	Spatial relation update for PUCCH group
	1. Support of PUCCH resource groups per BWP for simultaneous spatial relation update
	2-53, 2-59, 4-24
	
	N/A
	
	TBD
[Per BC or per band]
	N
	Y
	
	
	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
	2-53, 2-59
	
	N/A
	
	[Per UE]
	No
	[No]
	FR2 only
	
	FFS

	
	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
	8-2, 8-3
	
	N/A
	
	[Per UE]
	No
	No
	
	
	FFS

	
	16-1f
	SCell beam failure recovery
	1. The maximum number of SCells [configured] for SCell beam failure recovery [simultaneously]
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] 
1. FFS: Density of CSI-RS for new beam identification for SCell BFR 
	2-31
	
	N/A
	
	FFS
	No
	
	
	
	FFS

	
	16-1g
	Resources for beam management, [pathloss measurement, BFD, and BFR]
	1. The maximum number of SSB/CSI-RS/[CSI-IM]  resources [within a slott] across all CCs for any of L1-RSRP measurement, L1-SINR measurement, [pathloss measurement, BFD, and new beam identification]
2. The maximum number of SSB/CSI-RS resources across all CCs for any of L1-RSRP measurement, L1-SINR measurement, pathloss measurement, BFD, and new beam identification
3. FFS: The maximum number of SSB/CSI-RS resources within a slot across all CCs for pathloss measurement
4. FFS: The maximum number of SSB/CSI-RS resources within a slot across all CCs for BFD
5. FFS: The maximum number of SSB/CSI-RS resources across all CCs for new beam identification
	
	
	N/A
	
	FFS
	No
	
	
	
	FFS

	
	16-2a
	Multi-DCI based multi-TRP
	1. The maximum number of CORESETs configured per “PDCCH-Config”
2. The maximum number of CORESETs configured per CORESETPoolIndex ( if CORESETPoolIndex is not configured, it is assumed CORESETPoolIndex = 0) per “PDCCH-Config”
3.  The value of R=[1,2] for BD/CCE
4. [Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency] [for FR1]
5. PDSCH processing capability for a CC configured with multi-DCI
6. Maximum number of unicast PDSCHs per CORESETPoolIndex per slot
FFS whether default value of R is needed
	TBD
	
	N/A
	
	TBD [per band / pPer FSPC]
	N
	TBDN/A
	
	Component 1 candidate values: {2, 3, 4, 5}

Component 2 candidate values: {1, 2, 3}

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

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

	TBD

	
	16-2a-0
	Overlapping PDSCHs in time and non-overlapping in frequency
	1. Support fully/partially overlapping PDSCHs in time and non-overlapping in frequency [merge with 16-2a? Merge with 16-2a-8?] [FR2 only?]
	16-2a
	
	
	
	Per FSPC
	
	
	
	
	

	
	16-2a-1
	Simultaneous reception of Multiple PDSCHs overlapping in frequency
	1. Support fully overlapping PDSCHs at frequency and partially/fully overlapping at time
2. Support partially overlapping PDSCHs in frequency and partially/fully overlapping in time
3. The maximum number of MIMO layers of each scheduled PDSCH [if  PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain]
4. The maximal number of PDSCH scrambling sequences per serving cell
FFS whether default values of component 3/4 to be included in 16-2a
	16-2a, 16-2a-0
	
	
	
	Per FSPC
	
	
	
	
	

	
	16-2a-2
	Out-of-order operation for DL
	1. Support out-of-order operation for PDCCH to PDSCH
2. Support out-of-order operation for PDSCH to HARQ-ACK
	16-2a
	
	
	
	Per band
	
	
	
	Note: this FG is a WA in RAN1
	

	
	16-2a-3
	Out-of-order operation for UL
	1. Support out-of-order operation for PDCCH to PUSCH



	16-2a
	
	
	
	Per band
	
	
	
	
	

	
	16-2a-3i
	Out-of-order operation for UL with same closed loop index
	1. Support out-of-order operation for PDCCH to PUSCH with same closed loop index for power control across PUSCHs associated with different CORESETPoolIndex values

	16-2a, 16-2a-3
	
	
	
	Per band
	
	
	
	
	

	
	16-2a-4
	HARQ-ACK for multi-DCI based multi-TRP - separate
	1. Support of separate HARQ-ACK
2. [Support of two TDMed long PUCCHs in a slot]Supported maximum number of long PUCCHs within a slot for separate HARQ-Ack
	16-2a
	
	
	
	Per band
	
	
	
	Component 2 candidate values: {1, 2}

	

	
	16-2a-4a
	HARQ-ACK for multi-DCI based multi-TRP - joint
	1. Support of joint HARQ-ACK 
	16-2a
	
	
	
	Per band
	
	
	
	
	

	
	16-2a-5
	Separate CRS rate matching
	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

	16-2a, TBD
	
	
	
	Per band
	
	
	
	
	

	
	16-2a-6
	Default QCL enhancement for multi-DCI based multi-TRP
	Support of default QCL assumption per CORESETPoolIndex
	16-2a, 16-2a-8
	
	
	
	Per band
	TDD only
	FR2 only
	
	
	

	
	16-2a-7
	Maximum number of activated TCI states
	1. Support of maximum per CORESETPoolIndex (including both data and control)
2. Support of total maximum
FFS whether default values to be included in 16-2a
	16-2a
	
	
	
	Per band
	
	
	
	Component 1 candidate values: {1, 2, 4, 8}

Component 2 candidate values: {same as component 1, twice of component 1}
	

	
	16-2a-8
	Simultaneous reception with different Type-D
	whether UE supports receiving time-overlapping [PDSCHs]/PDCCHs with different Type-D
FFS whether default values to be included in 16-2a
	16-2a
	
	
	
	Per band
	TDD only
	FR2 only
	
	
	

	
	16-2a-9
	[Simultaneous reception across CCs with Multi-DCI]
	[The maximum number of CCs supporting multi-DCI based multi-TRP simultaneously]
	
	
	
	
	
	
	
	
	Note: If the type of 16-2a is agreed to be FSPC or Fs this FG will be removed 
	

	
	16-2a-10
	Value of BD factor
	R=[(1,2] for BD/CCE
	16-2a
	
	
	
	Per BC
	
	
	
	
	

	
	16-2b-0
	Two default beams for single-DCI based multi-TRP
	Support of default QCL assumption with two TCI states
	16-2b
	
	N/A
	
	Per band
	TDD only
	FR2 only
	
	
	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. Support of two PTRS ports
3. FFS Support of DMRS entry {0, 2, 3}

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

	
	16-2b-1i
	Two PTRS ports
	Support of two PTRS ports for SDM
	16-2b-1
	
	
	
	Per band
	
	
	
	
	

	
	16-2b-1j
	DMRS port {0, 2, 3}
	Support of DMRS entry {0, 2, 3}
	16-2b-1
	
	
	
	Per band
	
	
	
	
	

	
	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
	
	 [per FSPC]
	N
	TBD
	
	
	TBD

	
	16-2b-3i
	CW soft combining for FDMSchemeB
	Support of CW soft combining for FDMSchemeB
	16-2b-3
	
	
	
	Per FSPC
	
	
	
	
	

	
	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 MAC CE to activate two TCI states for a TCI codepoint
2. Support of RepNumR16 in PDSCH-TimeDomainResourceAllocation and the maximum value of RepNumR16 
3. Supported maximum TBS size according to RepNumR16 in PDSCH-TimeDomainResourceAllocation
4. FFS: TCI state mapping to PDSCH transmission occasions (Cyclical mapping  or Sequential mapping)
	16-2b, TBD
	
	N/A
	
	Per band
	N
	TBD
	
	Component 1 2 candidate values: {8,16}

Component 2 3 candidate values {10 CBs, TBD}

	TBD

	
	16-3a
	Regular eType-II
	Basic components:
1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II for R=1
2. Support of parameter combinations  1-6
3. Support of rank 1,2
4. FFS: CBSR with hard amplitude restriction
	2-35TBD
	YES
	N/A
	YES
	FFS: Per band or Per band per BC
Per band and Per BC
	N/A
	N/A
	
	Component 1:
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}

	Optional with capability signaling

	
	16-3a-1
	Support of PMI sub-bands with R=2
	{Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support regular eType-II for R=2
	16-3a
	YES
	N/A
	YES
	Per band and per BC
	N/A
	N/A
	
	Same note as 16-3a

	Optional with capability signaling

	
	16-3a-2
	Support of parameter combinations 7-8
	Support of parameter combinations 7-8
	16-3a
	YES
	N/A
	YES
	Per band
	N/A
	N/A
	
	{support, not support}
	Optional with capability signalling

	
	16-3a-3
	Support of rank 3,4
	Support of rank 3,4
	16-3a
	YES
	N/A
	YES
	Per band
	N/A
	N/A
	
	{support, not support}
	Optional with capability signalling

	
	16-3a-4
	CBSR
	ALT 1) CBSR with soft amplitude restriction (capture consequence if not supported  hard amplitude restriction is supported)
ALT 2) CBSR
	16-3a
	YES
	N/A
	YES
	Per band
	N/A
	N/A
	
	{support, not support}
	Optional with capability signalling

	
	16-3b
	Port selection eType-II
	Basic components:
1. {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support port selection eType-II for R=1
2. 6 parameter combinations (combos with L=6 don’t apply) 
3. Support of rank 1,2
	2-35TBD
	YES
	N/A
	YES
	FFS: Per band or Per band per BC
Per band and per BC
	N/A
	N/A
	
	Same note as 16-3a
	Optional with capability signaling

	
	16-3b-1
	Support of PMI sub-bands with R=2
	{Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} to support port selection eType-II for R=2
	16-3b
	YES
	N/A
	YES
	Per band and per BC
	N/A
	N/A
	
	Same note as 16-3a

	Optional with capability signaling

	
	16-3b-2
	Support of rank 3,4
	Support of rank 3,4
	16-3b
	YES
	N/A
	YES
	Per band
	N/A
	N/A
	
	{support, not support}
	Optional with capability signalling

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

	
	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 
Per FS
	N/A
	N/A
	
	Component-1 candidate value set: {‘supported’, ‘not supported’}
Component-2 candidate value set: {2Tx, 4Tx,2Tx_4Tx }
	TBD
Optional with capability signaling

	
	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 Tx
	2-13, 2-14
	YES
	N/A
	YES
	FFS: Per FS or Per band or Per band per BC 
Per FS
	N/A
	N/A
	
	Component-1 candidate value set: {‘supported’, ‘not supported’}
Component-2 candidate value set: {2Tx, 4Tx,2Tx_4Tx }
	TBD
Optional with capability signaling

	
	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. Support multiple SRS resources in SRS resource set with different number of ports for 2Tx
1. Maximum number of SRS resources in an SRS resource set for 2Tx
1. Support multiple SRS resources in set with different number of ports for 4Tx
1. Maximum number of SRS resources in an SRS resource set for 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
Per FS
	N/A
	N/A
	
	Component-1 candidate value set: {‘supported’, ‘not supported’}
Component-2 candidate value set: {2Tx, 4Tx,2Tx_4Tx }
Component-3 candidate value set: {‘supported’, ‘not supported’}
Component-4 candidate value set: {1, 2, 4}
Component-5 candidate value set: {‘supported’, ‘not supported’}
Component-6 candidate value set: {1, 2, 4}
	TBD
Optional with capability signaling

	
	16-5d
	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
	Per 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

	
	16-6a
	Low PAPR DMRS for PUSCH without transform precoding
	1. For PUSCH without transform precoding
	TBD
	YES
	N/A
	YES
	FFS: Per band
	N/A
	N/A
	
	
	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
	N/A
	N/A
	
	
	 FFS: Optional with capability signalling

	
	16-6c
	Low PAPR DMRS for PUSCH with transform precoding and with pi/2 BPSK
	For PUSCH with transform precoding and with pi/2 BPSK modulation
	TBD
	YES
	N/A
	YES
	FFS: Per band
	N/A
	N/A
	
	
	FFS: Optional with capability signalling

	
	16-7
	Extension of the maximum number of configured aperiodic CSI report settings
	Extension of the maximum number of configured aperiodic CSI report settings for all codebook types
	2-32
	YES
	N/A
	YES
	[Per band]Per band
	N/A
	N/A
	
	{support, not support}
	Optional with capability signaling

	
	16-8
	Active CSI-RS resources and ports for mixed codebook types in any slot
	FFS: the detailed component designsignal {CB1, CB2, max # Tx ports per resource, max # resources, max # total ports}
	2-35
	YES
	N/A
	YES
	Per and and per BC
	N/A
	N/A
	
	
	Optional with capability signaling







- 74/262 -
image1.wmf
(

)

å

-

=

+

-

=

1

0

,

,

PUSCH,

0

,

,

,

,

)

,

(

)

,

(

)

,

(

i

D

m

c

f

b

c

f

b

c

f

b

l

m

l

i

i

f

l

i

f

C

d


image2.png
TPC: +1 TPC: +1

DCI1 DCI2 » ‘ PUSCH1 PUSCH2

B— =

TPC: +1




