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In this document, we discuss proposed changes to the NR UE feature list. 



SRS Tx switch
One of the issues is the unclarity regarding what ‘T=R’ setting means. Our proposal is that this should be clarified as follows: Clarify that ‘T=R’ means that the set of Tx antennas used for PUSCH transmission is a subset of Rx antennas used for PDSCH reception. In addition, we propose that the feature should be optional to enable UE classes that use different antennas for Rx and Tx. 
Note that the Rel-15 UL transmit diversity scheme is transparent small delay CDD. When this scheme is used, an UL port is virtualized to multiple physical antennas. The DL-UL antenna port correspondence will not hold. 
In addition, the impact to DL and UL in other bands should be separate components. 

2-13 SRS Tx switch
	2-55
	SRS Tx switch
	1. Support SRS Tx port switch, 
2. Report whether the uplink TX switching impact to downlink receiving in a band, 
3. Report whether the UL Tx is switched together with UL Tx in another band
	2-53
	Yes
	SRS Tx Switch is not supported
	Type 3
	N.A.
	N.A.
	
	Component-2 is agreed with conditioned to RAN4’s decision.—
Note that Component-2 is per band pair per band combination
Note that Component-3 is per band pair per band combination
Note that the band pair in Component-2 and Component-3 can be an LTE band and an NR band
	RAN1/4
	Optional with capability signaling
Component-1 is a list of TRx pairs, candidates are {“no support”,“1T2R”, “1T4R”, “2T4R”, “1T4R/2T4R”, “T=R”}
Component-2: Candidate value set:, {yes, no},
Component-3: Candidate value set:, {yes, no},



Proposal 1: 
[bookmark: _Hlk523725123]Clarify that ‘T=R’ means that the set of Tx antennas used for PUSCH transmission is a subset of Rx antennas used for PDSCH reception. 
[bookmark: _Hlk523725306]Make the feature optional to enable UE classes that use different antennas for Rx and Tx. 
In addition, the impact to DL and UL in other bands should be separate components. 


SRS-based UL beam management
Feature 2-30 is currently named Uplink beam management, although it only covers the version that primarily relates to UEs without beam correspondence capability. This feature should not be mandatory, at least not for UEs wit beam correspondence capability. 
2-30 UL beam management
	2-30
	SRS-based Uuplink beam management
	1 Support of SRS based beam management 
2. Supported max number of SRS resource per set (SRS set use is configured as for beam management).
3. Supported max number of SRS resource sets (SRS set use is configured as for beam management).
	
	Yes
	Uplink beam management is not supported
	Type1
	N.A.
	N.A.
	
	
	
	Optional, with capability signaling
Component-2, candidate value set is {2, 4, 8, 16} 
Component-3, candidate value set is {from 1 to 8}



Proposal 2: 
SRS-based uplink beam management should be optional with capability signaling.  



Beam correspondence
Optional/mandatory for beam correspondence is undecided.
2-20 Beam correspondence
	2-20
	Beam correspondence
	1. Support Beam correspondence
2. When intra-band NR CA is configured in a band, the same beam management/correspondence is applied across all CCs in the band.
	 
	Yes
	Beam correspondence is not supported
	Type 1
	No needN.A.
	N.A.
	
	Note: Beam correspondence means each Tx port can be beamformed in a desirable direction but does not imply setting phase across ports
	
	[Mandatory at least for FR2] Mandatory with capability signaling for FR2
Not supported in FR1 



Proposal 3: 
Beam correspondence is mandatory with capability signaling in FR2, not supported in FR1. 
Due to the analog beamforming restriction, there is no need to perform individual beam management on each CC in intra-band contiguous CA. Therefore, in the UE capabilities, CCs participating in intra-band contiguous CA should be considered a single beam management/correspondence entity.


Number of TCI states for PDSCH
In FR1, the usefulness of PDCSH TCI states is limited, since there is no analog beamforming restriction and the UE can receive any beam without any TI indication.

	2-4
	TCI states for PDSCH
	1. Support number of active TCI states per BWP per CC , including control and data
2. maximum number of configured TCI states per CC for PDSCH
	2-1
	Yes
	Only one TCI state can be supported

	Type 1 
	N.A. 
	N.A.
	
	Note: UE is required to track only the active TCI states
	
	Component-1: Candidate value set: {1, 2, 4, 8 }
Component-2: candidate value set: {4, 8, 16, 32, 64, 128} for FR2
UE is mandated to signal [64, 128] for FR2 and FFS the values for FR1
Component-2: candidate value set: {4, 8} for FR1



Proposal 4: 
For FR1, the number of configured PDSCH TCI states per CC is limited to 4, 8. 


Reference signals for beam management
The UE is not expected to track all configured reference signals for beam management at the same time. 

	2-24
	SSB/CSI-RS for beam measurement 
	1. The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP within a slot shall not exceed MB_1 
1a. The max number of CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure for L1-RSRP shall not exceed MC_1 
1b The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) simultaneously tracked for L1-RSRP shall not exceed MD_1
2. The max number of CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP within a slot shall not exceed MB_2 

3. Supported density of CSI-RS 
	2-21, 2-22 or 2-23, 2-23a
	Yes
	RSRP measurement is not supported
	Type 1
	No need
	Yes
	
	Note: simultaneously doesn’t mean in the same slot
	
	Component-1, candidate value set for MB_1 is {0, 8, 16, 32, 64}
On FR2, UE is mandated to signal MB_1 >=8
On FR1, MB_1 >=8 is supported mandatory with capability signaling. 
Component-1a, candidate value set for MC_1 is {0, 4, 8, 16, 32, 64}
Component-1b, candidate value set for MD_1 is {0, 4, 8, 16, 32, 64}
Component-2, candidate value set for MB_2 is {0, 4, 8, 16, 32, 64}
Component-3: candidate value set: 
{“not supported”, “1 only”, “3 only”, “both 1 and 3”}
On FR2, UE is mandated to signal either “3 only” or “both 1 and 3”
On FR1, either “3 only” or “both 1 and 3” is mandatory with UE capability signaling.



Proposal 5: 
[bookmark: _Hlk525907410]Add a component for the maximum number of reference signals for beam management tracked by the UE at the same time.



No analog beamforming in FR1
2-26 and 2-27 are analog beamforming related and are not applicable to FR1.

	2-26
	Receiving beam selection using CSI-RS resource repetition "ON"
	1. Support Rx beam switching procedure using CSI-RS resource repetition "ON"
2. Recommended CSI-RS resource repetition number per resource set, 

	
	Yes
	Rx beam switching is not supported
	Type 1
	N.A.
	N.A.
	
	
	
	Support Rx beam switching is mandatory for bands at least > 6GHz

Componet-2: candidate value set {2, 3, 4, 5, 6, 7, 8}
Not supported in FR1

	2-27
	Beam switching
	1. Maximum number of Tx + Rx  beam changes a UE can conduct during a slot across the whole band CC . 
This number is defined as per SCS
Note: it is assumed that spec enable the possibility to restrict the same beam across intra-band CCs
	2-24
	Yes. 
	No restriction on the maximum number of Tx+Rx beam change for a slot
	Type 1
	N.A.
	N.A
	
	
	
	Only applicable to FR2
Candidate value set: {4, 7, 14}




Proposal 6: 
For FR1, there is no need to define features 2-26 and 2-27. 


Number of PDCCH search spaces per slot
In the basic DL control channel capability, there are only up to two CORESETS per CC. These are assigned a number of search spaces, up to 10, distributed across slots. However, it is not precluded to have all search spaces occur in as single slot, which is too high implementation complexity in the UE. The number of search spaces per slot need to be further limited.  
	3-1
	Basic DL control channel
	1) One UE-specific configured CORESET per BWP per cell in addition to CORESET0
- CORESET resource allocation of 6RB bit-map and duration of 1 – 3 OFDM symbols for FR1
- For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSSs, CORESET resource allocation of 6RB bit-map and duration 1-3 OFDM symbols for FR2
- For type 1 CSS with dedicated RRC configuration and for type 3 CSS, UE specific SS, CORESET resource allocation of 6RB bit-map and duration 1-2 OFDM symbols for FR2
- REG-bundle sizes of 2/3 RBs or 6 RBs
- Interleaved and non-interleaved CCE-to-REG mapping
- Precoder-granularity of REG-bundle size 
- PDCCH DMRS scrambling determination
- Single TCI state for a CORESET configuration
2) CSS and USS configurations for unicast PDCCH transmission per BWP per cell
- Up to 3 search spaces in a slot in a PCell or PSCell
- UP to 2 search spaces in a slot in an SCell
- PDCCH aggregation levels 1, 2, 4, 8, 16
- For type 1 with dedicated RRC configuration, type 3, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot
- For type 1 without dedicated RRC configuration and for type 0, 0A, and 2, the monitoring occasion can be any OFDM symbol(s) of a slot
3) Monitoring DCI formats 0_0, 1_0, 0_1, 1_1
4) Number of PDCCH blind decodes per slot with a given SCS follows Case 1-1 table
5) Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot per scheduled CC for FDD
6) Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot per scheduled CC for TDD
	
	Yes
	
	N.A.
	N.A.
	N.A
	
	
	
	Mandatory without capability signaling



Proposal 7:
Add limitation on the number PDCCH search spaces occurring in a slot in a CC.     


Number of multiplexing occasions for UCI multiplexing
Need to define capability limitation for number of multiplexing occasions per slot for which UE performs UCI multiplexing. 
	4-1
	Basic UL control channel
	1) PUCCH format 0 over 1 OFDM symbols once per slot 
2) PUCCH format 0 over 2 OFDM symbols once per slot with frequency hopping as “enabled”
3) PUCCH format 1 over 4 – 14 OFDM symbols once per slot with intra-slot frequency hopping as “enabled”
5) One SR configuration per PUCCH group
6) HARQ-ACK transmission once per slot with its resource/timing determined by using the DCI
7) Multiplexing of SR and HARQ-ACK on a PUCCH
8) HARQ-ACK piggyback on PUSCH
9) Semi-static beta-offset configuration for HARQ-ACK
[bookmark: _GoBack]10) One multiplexing occasion per slot per cell group for control multiplexing
	
	Yes
	
	N.A.
	N.A.
	N.A.
	
	RAN4 to check feasibility of frequency hopping for PUCCH formats for FR2
	
	Mandatory without capability signaling

	5-12
	Up to 2 PUSCHs per slot for different TBs
	Up to 2 multiplexing occasion per slot per cell group for control multiplexing
	
	Yes
	
	Type 3
	N.A.
	N.A.
	
	Up to 2 unicast PUSCHs per slot in FDM is not supported

This capability is necessary for each SCS
	
	

	5-12a
	Up to 7 PUSCHs per slot for different TBs
	Up to 7 multiplexing occasions per slot per cell group for control multiplexing
	
	Yes
	
	Type 3
	N.A.
	N.A.
	
	Up to 7 unicast PUSCHs per slot in FDM is not supported

This capability is necessary for each SCS
	
	

	5-12b
	Up to 4 PUSCHs per slot for different TBs
	Up to 4 multiplexing occasions per slot per cell group for control multiplexing
	
	Yes
	
	Type 3
	N.A.
	N.A.
	
	Up to 4 unicast PUSCHs per slot in FDM is not supported

This capability is necessary for each SCS
	
	



Proposal 8:
Add limitation on the number of multiplexing occasions per slot for which the UE performs UCI multiplexing, based on the number of PUSCH per slot supported by the UE.     


Codebook based UL MIMO
It is optional to support codebook-based UL MIMO. The codebook coherency subset indication should be conditional based on codebook-based MIMO support. 
2-13 PUSCH codebook coherency subset
	[bookmark: _Hlk521678998]2-13
	PUSCH codebook coherency subset
	Proposal: 
1. Supported codebook coherency subset type: Candidate value set: {non-coherent, partial/non-coherent, full/partial/non-coherent}
	2-12
	Yes
	Only non-coherent codebook subset is supported
	Type 1
	N.A.
	N.A.
	
	Note: Not included if 2-14 is set to no-codebook based MIMO
	
	Candidate values: {non-coherent, partial-non-coherent, full-coherent}



Proposal 9: 
Add a note saying that PUSCH codebook coherency subset is not included when the UE indicates no codebook-based MIMO capability. 


DL mini-slot capability
With the last change, the inclusion of PDSCH for Message 4 was deleted. This should be added back.  
5-11 Up to 2 unicast PDSCHs per slot for different TBs for UE processing time Capability 1
	5-11
	[bookmark: _Hlk523727481]Up to 2 unicast PDSCHs per slot for different TBs for UE processing time Capability 1
	Up to 2 unicast PDSCHs per slot only in TDM is supported for Capability 1
1) PDSCH(s) for Msg. 4 is included

	
	Yes
	
	Type 3
	N.A.
	N.A.
	
	
This capability is necessary for each SCS
	
	



Proposal 10: 
Add back the condition that Message 4 is counted as part of the limit on number of TBs per slot. 



Rate matching
The types of rate matching had been previously accidentally deleted and then added back at RAN1 #94. However, the control resource set rate matching was not included in the current wording. 
2-33a Supported PDSCH RE-mapping patterns
	2-33a
	Supported PDSCH RE-mapping patterns
Note: this FG will be moved to 5-x family
	1. Supported max # of RE mapping patterns, each pattern can be described as a  RS resource (including NZP/ZP CSI-RS and, CRS and control resource set and bitmap configured in 5-26/27/27a)
Note: patterns are counted as per symbol per CC 
2. Supported max # of RE mapping patterns, each pattern can be described as a  RS resource (including NZP/ZP CSI-RS and, CRS and control resource set and bitmap configured in 5-26/27/27a)
Note: patterns are counted as per slot per CC
	
	Yes
	PDSCH RE mapping is not supported
	Type 4
	No need
	Yes
	
	
	
	candidate values: {10, 20} for FR1
{6, 20} for FR2

[Compponent-2 candidate values: {from 16: 16: 256 16} for FR1
{16: 16: 256} for FR2]





Proposal 11: 
Include CORESET in the number of rate matching patterns.


Remaining decisions on optional/mandatory
In the feature list, there are missing definitions for optional/mandatory for several features. We propose to add the following.  
	1-8
	RLM based on a mix of SS block and CSI-RS signals
	
	1-4 and 1-7
	Yes
	UE does not support RLM based on a mix of SS block and CSI-RS signals
	Type 4
	No need
	No need
	
	
	RAN1
	[Mandatory /optional with capability signaling] Optional with capability signaling

	2-34
	NZP-CSI-RS based interference measurement
	1. Support NZP-CSI-RS based interference measurement 
FFS whether to add the number of NZP-CSI-RS port for interference measurement  
	2-33
	Yes
	NZP-CSI-RS based interference measurement is not supported
	Type 4
	No need
	No need
	
	
	
	[Optional]Optional with capability signaling

	6-16
	Supplemental uplink
	
1) RACH, PUSCH, PUCCH, SRS operations in a band combination including SUL
2) Supplemental uplink with same numerology between SUL and non SUL carriers
 
	6-15
	Yes
	
UE will not be able to perform the RACH/PUSCH/PUCCH/SRS operation in a band combination including SUL
	N.A.
	N.A.
	N.A.
	
	This is conditioned on the support of SUL band combination(s). The band combination definition is up to RAN4.
	
	Optional with capability signaling

	6-18
	Supplemental uplink with dynamic switch
	DCI based selection of PUSCH carrier
	6-16
	Yes
	
	Type 3
	N.A.
	N.A.
	
	This is conditioned on the support of SUL band combination(s). The band combination definition is up to RAN4.
	
	Optional with capability signaling



Proposal 12:
Resolve remaining definitions of optional/mandatory as noted in the tables in this contribution. 

1. Conclusions
In this contribution, the following proposals have been made:

Proposal 1: 
Clarify that ‘T=R’ means that the set of Tx antennas used for PUSCH transmission is a subset of Rx antennas used for PDSCH reception. 
Make the feature optional to enable UE classes that use different antennas for Rx and Tx.
In addition, the impact to DL and UL in other bands should be separate components. 
Proposal 2: 
SRS-based uplink beam management should be optional with capability signaling.  

Proposal 3: 
Beam correspondence is mandatory with capability signaling in FR2, not supported in FR1. 
Due to the analog beamforming restriction, there is no need to perform individual beam management on each CC in intra-band contiguous CA. Therefore, in the UE capabilities, CCs participating in intra-band contiguous CA should be considered a single beam management/correspondence entity.
Proposal 4:
For FR1, the number of configured PDSCH TCI states per CC is limited to 4, 8. 
Proposal 5: 
Add a component for the maximum number of reference signals for beam management tracked by the UE at the same time.
Proposal 6:
For FR1, there is no need to define features 2-26 and 2-27. 
Proposal 7: 
Add limitation on the number PDCCH search spaces occurring in a slot in a CC.  
Proposal 8: 
Add limitation on the number of multiplexing occasions per slot for which the UE performs UCI multiplexing, based on the number of PUSCH per slot supported by the UE. 
Add Proposal 9: 
Add a note saying that PUSCH codebook coherency subset is not included when the UE indicates no codebook-based MIMO capability.
Proposal 10: 
Add back the condition that Message 4 is counted as part of the limit on number of TBs per slot.
Proposal 11: 
Include CORESET in the number of rate matching patterns.
Proposal 12:
Resolve remaining definitions of optional/mandatory as noted in the tables in this contribution. 
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