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In this document, we discuss proposed changes to the NR UE feature list. 
[bookmark: _GoBack]Note that this contribution only addresses eMBB related capabilities (not URLLC). 


Capturing earlier agreement
In email discussion [92-NR-05] “Issues on UE features” after RAN1 #92, the following changes were agreed that has not been captured in the feature list. 

	 
	2-33
	CSI-RS and CSI-IM reception for CSI feedback
	 
1. Supported max # of configured NZP-CSI-RS resources per CC, 
2. Supported max # of ports across all configured NZP-CSI-RS resources per CC
3. Supported max # of configured CSI-IM resources per CC
 
	2-32
	Yes
	CSI acquisition is not supported
	Type 3
	N.A.
	N.A.
	 
	Note: all the candidate values are the range of capability signaling which doesn’t determine whether UE is mandatory to support all the signaling values. 
 
	 
	Component-1 candidate values: {from 1 to 32} 
Component-2 candidate values: , further down-select between: Alt.1: {from 24 to 64}, Alt.2: {from 24 to 256}, Alt.3: {from 24 to 256}
Component-3: candidate values: {1,2,4,8,16,32}
	 



	 
	2-36
	Type I single panel codebook 
	1. A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously. Note: the above list doesn’t differentiate the latency class and feedback type.
 
2. Supported Codebook Mode(s)
 
	2-35
	Yes
	No additional Type I codebook configurations other than the basic CSI feedback (2-32) is supported
	Type 3
	No need
	 
	 
	Note: simultaneously doesn’t mean in the same slot
	 
	Component-1: the candidate values for the max # of Tx port in one resource is 
{2, 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 is:
{from 2 to 256}
Component-2 candidate values: 
{Mode-1, Mode-2}
Down-select: 
Alt.1 Mode-1 as mandatory
Alt.2: Both Mode-1 and Mode-2 are mandatory (in this case, this component is not needed)
	 



	 
	 2-40
	Type I multi-panel codebook
 
	1. A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously. Note: the above list doesn’t differentiate the latency class and feedback type.
2. Supported Codebook Mode(s): 
3. Supported number of panels, Ng, 
	2-35
	Yes
	multi-panel Type I codebook is not supported
	Type 3
	N.A.
	N.A.
	 
	Note: simultaneously doesn’t mean in the same slot
	 
	Component-1 candidate values {2, 4, 8, 12, 16, 24, 32}
Component-2 candidate values: Component-2 candidate values: 
{Mode-1, Mode-2}
Down-select: 
Alt.1 Mode-1 as mandatory
Alt.2: Both Mode-1 and Mode-2 are mandatory
 
Component-3:
Candidate value: {2,4} 
	 

	 
	2-41
	Type II codebook 
	1. A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously. Note: the above list doesn’t differentiate the latency class and feedback type.
2. Parameter “Lx” (number of beams) in codebook generation, where x is index of Tx ports, corresponding to 4,8,12,16,24 and 32 ports. 
3. Support amplitude scaling type 
4. Support amplitude subset restriction level
	2-35
	Yes
	Type II codebook is not supported
	Type 3
	N.A.
	N.A.
	 
	Note: simultaneously doesn’t mean in the same slot
	 
	Component-1 , candidate values {2, 4, 8, 12, 16, 24, 32}
Component-2, candidate values {2,3,4}
Component-3, candidate values set: {wideband, wideband/subband}
Component-4, candidate value set: {no restriction, subset restriction}, “no restriction” is mandatory and RAN1 hasn’t decide whether “subset restriction” is mandatory or not, if it’s mandatory then this component is not needed. 
	 



	 
	2-43
	Type II codebook with port selection
 
	1. A list of supported combinations, each combination is {Max # of Tx ports in one resource, Max # of resources and total # of Tx ports} across all CCs simultaneously. Note: the above list doesn’t differentiate the latency class and feedback type.
2. Parameter “Lx” (number of selected ports) in codebook generation, where x is index of Tx ports, corresponding to 4,8,12,16,24 and 32 ports. 
3. Support amplitude scaling type 
 
	 
	Yes
	Type II codebook with port selection is not supported
	Type 3
	N.A.
	N.A.
	 
	Note: simultaneously doesn’t mean in the same slot
	 
	Component-1 , candidate values {2, 4, 8, 12, 16, 24, 32}
Component-2, candidate values set for “Lx” is {2,3,4}
Component-3, candidate values set: {wideband, wideband/subband}
 
	 


 
Proposal 1: 
Capture the changes already agreed in email discussion [92-NR-05] after RAN1 #92. 



Add UE Capability #2 for processing time
If UE Capability 2 is defined, the corresponding capability needs to be added in the UE feature list. 

Proposal 2: 
If UE Capability # 2 for processing time is defined, add the corresponding capability indication in the UE feature list.



Semi-persistent resources
There is already a capability for semi-persistent CSI report; however, there is no capability for rate matching around semi-persistent resources for UEs that don’t support semi-persistent CSI report. 

2-33b SP CSI-RS and SP CSI-IM

	2-33b
	SP CSI-RS and SP CSI-IM
	1. Support of SP-CSI-RS and SP-CSI-IM
	2-1
	Yes
	
	Type 1
	N.A.
	N.A.
	
	
	RAN1
	Optional with capability signalling 


 

Proposal 3: 
Introduce capability for handling semi-persistent resources.



Codebook based UL MIMO
There is already capability defined for number of SRS resources transmitted simultaneously but there is no capability for number of SRS resources supported. 
2-14 Codebook based PUSCH MIMO transmission
	2-14
	Codebook based PUSCH MIMO transmission 

	1. Supported codebook based PUSCH MIMO with maximal number of supported layers
2. supported maximal number of SRS resources for codebook based transmission
	2-13
	Yes
	Uplink codebook based MIMO (with >1 Tx port) transmission is not supported
	Type 3
	N.A.
	N.A.
	
	
	
	Component-1 Ccandidate value set: {no-codebook based MIMO, 1, 2, 4}
Component-2 candidate value set: {1, 2}



Proposal 4: 
Introduce capability indication for maximum number of SRS resources supported.


CSI report 
In order to merge Type A and Type B UE CSI capability, we propose to introduce a capability of simultaneously active resources. Active resources consist of those that the UE is either currently processing or storing for later triggered A-CSI report.  
2-35 CSI report framework
	2-35
	[bookmark: _Hlk514100566]CSI report framework 

	1. Maximum number of periodic CSI report setting per BWP
2. Maximum number of aperiodic CSI report setting per BWP 
3. Maximum number of semi-persistent CSI report setting per BWP
4. Support of advanced CSI process table (the Minimum duration Z, Z’ for processing a CSI) [Conditioned to the completion of advanced CSI process]
5. UE can process X CSI report(s) simultaneously across all CCs. CSI reports can be P/SP/A CSI and any latency class and codebook type. 
6. Supported CSI computation type 
7. A list of supported combinations, each combination is {max number of active NZP CSI-RS resources, max total number of ports in all active NZP CSI-RS} that the UE can process simultaneously across all CCs.
FFS: whether X should also count the SRS precoder derivation in case of reciprocity based SRS Tx
	2-32
	Yes
	CSI report is not supported
	Type 3
	N.A.
	N.A.
	
	NOTE: Other MIMO capability other than component 5 may further restrict (reduce) the number of simultaneously CSI report that UE is required to update 
	
	Component-1 candidate values: {1, 2, 3, 4}
Component-2 candidate values {1, 2, 3, 4}
Component-3 candidate values: {0, 1, 2, 3, 4}
Component-4: signaling is a bitmap of size 8   
Component-5:
candidate values: {from 5 to 32}

Componet-6:
Candidate values: {Type-A, Type-B}

Componet-7:
The candidate values for the max # of active NZP CSI-RS resources: 
{from 1 to 64}
The candidate value set of the max # of ports in all active resources is:
{from 2 to 256}




Proposal 5: 
Define the memory resource available for CSI processing by  as a UE capability, where  is the maximum number of active NZP CSI-RS resources across all CCs with SCS index ,  is the maximum total number of ports in all active NZP CSI-RS resources across all CCs with SCS index .  An NZP CSI-RS resource is active in a duration of time defined as follows:
· For A-CSI-RS, starting from the end of the PDCCH containing the request, and ending at the end of the PUSCH containing the report associated with this A-CSI-RS.
· For SP-CSI-RS, starting from the end of the activation command is applied, and ending at the end of the deactivation command is applied.
· For P-CSI-RS, the activate duration ends when the P-CSI-RS configuration is released.



DL and UL CA operation
For intra-band contiguous CA, the number of different BWs of the different CCs should be limited. For example, instead of  50MHz + 80MHz +100MHz, use  30MHz + 100MHz + 100MHz.
6-5 Basic DL NR-NR CA operation
6-6 Basic UL NR-NR CA operation
	6-5
	Basic DL NR-NR CA operation
	1) Up to16 DL carriers 
2) Same numerology across carrier for data/control channel [at a given time]
3) Up to two different CC BWs for intra-band contiguous CA
	
	Yes
	
	N.A.
	N. A.
	N.A.
	
	This is conditioned on the support of DL CA band combination(s). The band combination definition is up to RAN4.

	6-6
	Basic UL NR-NR CA operation
	1) Up to16 UL carriers 
2) Same numerology across carrier for data/control channel [at a given time]
3) One PUCCH group
4) Single TAG
5) Up to two different CC BWs for intra-band contiguous CA

	[6-5]
	Yes
	
	N.A.
	N.A.
	N.A.
	
	This is conditioned on the support of UL CA band combination(s). The band combination definition is up to RAN4.



Proposal 6: 
For intra-band contiguous DL or UL CA, required support is up to two different CC BWs in the band. 


BWP configuration
When the UE has many CCs in a band, storing all configurations for all BWPs is excessive. To solve this, we propose limiting the number of different configurations. 
In addition, the same condition – i.e. BWP includes BW of the initial DL BWP -- which was introduced to Type A BWP adaptation, should also be added to Basic BWP operation as well.  
6-1 Basic BWP operation
	6-1
	Basic BWP operation
	
1) 1 UE-specific RRC configured DL BWP per carrier
2) 1 UE-specific RRC configured UL BWP per carrier
23) RRC reconfiguration of any parameters related to BWP
4) Identical BWP (including all RRC parameters associated with BWP) configuration for equal BW SCells in a band
5) BW of BWP includes BW of the initial DL BWP if there is an initial DL BWP in the carrier
	
	Yes
	
	N.A.
	N.A.
	N.A.
	
	This feature should be mandatory for at least BWPs which is the same as the set of specified channel BW
RAN4 may discuss other BW requirements.
UE-specific RRC configured DL/UL BWP can have the same or different numerology from the initial active DL/UL BWP
	
	[Mandatory without capability signaling]



Proposal 7: 
UE is only required to support identical BWP configuration for SCells of equal BW within a band. 
The same condition – i.e. BWP includes BW of the initial DL BWP -- which was introduced to Type A BWP adaptation, should also be added to Basic BWP operation as well.  


SRS timing
2-54 SRS transmission
	2-54
	SRS transmission
	1. Minimum time interval, N in unit of symbols, between DCI triggering and A-SRS transmission, 

	2-53
	Yes
	
	Type 1
	No need
	N.A.
	
	Note: there is a minimal timing (42 symbols) between A-CSI-RS reception and updating of A-SRS precoding 

	
	candidate value range is the same as that of N2 plus 42 for FR1 and same as that of N2 plus 42 for FR2. 



Proposal 8: 
For FR1, there is no need for additional 42 symbols for SRS beam switching. 

Beam management
2-24 SSB/CSI-RS for beam measurement
	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 to measure L1-RSRP within a slot shall not exceed MB_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 

4. Supported max # of configured NZP CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) per CCs to measure L1-RSRP

5. When intra-band NR CA is configured in a band, the same beam management is applied across all CCs in the band
	2-21, 2-22 or 2-23, 2-23a
	Yes
	RSRP measurement is not supported
	Type 1
	No need
	Yes
	
	
	
	Component-1, candidate value set for MB_1 is {8, 16, 32, 64}
Support MB_1 =8 is mandatory for at least for >6Ghz bands
Component-2, candidate value set for MB_2 is {0, 4, 8, 16, 32, 64}
Component-3: candidate value set: 
{“1 only”, “3 only”, “both 1 and 3”}
At least density of CSI-RS =3 is mandatory at least for FR2
Component-4: candidate value set is {0, 4, 8, 16, 32, 64, 128}



Proposal 9:
Need to have a limit on configurable CSI-RS resources for L1-RSRP. 
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 entity. 


Interpretation of Type 3
We propose the following: 
Proposal 10: 
Unless noted otherwise, the meaning of Type 3 is ‘per band per band combination’


CSI-RS switching time
When triggering P3 procedure, the UE needs additional time for turning on Rx antennas that are not currently active. This feature is relevant in FR2, where the UE may employ antenna selection among multiple candidate antennas. 
2-28 A-CSI-RS beam switching timing
	[bookmark: _Hlk514105058]2-28
	A-CSI-RS beam switching timing
	1. Minimum time between the DCI triggering of AP-CSI-RS and aperiodic CSI-RS transmission shall be at least KBi symbols. (Symbols measured from last symbol containing the indication to first symbol of CSI-RS), where
i is the index of SCS, l=1,2,3,4 corresponding to 15,30,60,120 kHz SCS.

	2-27
	Yes 
	No recommendation on the desired beam switching timing 
	Type1
	N.A.
	N.A.
	
	[Note: any value larger than 56 is not supported in  RRC configuration now. ]
	
	Only applicable to FR2
Candidate values: 
Alt.1: {14, 26, 28, [42], [336]}
Alt.2: {“14-14”, “26-26”, “28-28”, “26-280”, “28-336”} 
the first threshold corresponding to the case when UE doesn’t activate antenna panel, and the second threshold corresponding to the case when UE actives antenna panel



Proposal 11:
For the A-CSI-RS beam switching timing, adopt Alt. 2.    


Slot format support
In the feature list, there is no description given to feature 3-6. We propose to add the following.  
3-6 Dynamic SFI monitoring and dynamic UL/DL determination
	3-6
	Dynamic SFI monitoring and dynamic UL/DL determination
	1) Adjust periodic and semi-persistent signal reception and transmission in response to detected dynamic UL/DL configuration
2) In TDD support at least one switch point per slot
	
	Yes
	
	Type 4
	No needYes
	No needYes
	
	
	
	Optional

	3-6a
	More than one DL/UL switch point in a slot
	In TDD support two switch points in a slot
	
	Yes
	
	Type 4
	N.A.
TDD only
	Yes
	
	
	
	Optional



It should be clarified what supporting a particular slot format implies. It is our understanding that supporting a given slot format means that the UE can parse the slot format structure and apply appropriate gating function, for example: 
· Gate periodic SRS transmissions in symbols indicated as DL in the SFI
· Discard periodic CSI-RS measurement in symbols indicated as UL in the SFI
However, supporting the slot format doesn’t mean that the UE is necessarily capable of all transmissions/receptions in all symbols and DL/UL switches included in the slot format. 

Proposal 12:
Support of a slot format doesn’t mean that the UE is necessarily capable of transmissions/receptions in all symbols and DL/UL switches included in the slot format. Supporting the slot format only means that the UE can perform the procedure described in Section 11.1.1 in 36.213 to adjust its transmission/reception according to the slot format.    

Proposal 13:
Transmission/reception with two DL/UL switch points in a slot is optional.  

1. Conclusions
In this contribution, the following proposals have been made:
Proposal 1: 
Capture the changes already agreed in email discussion [92-NR-05] after RAN1 #92. 

Proposal 2: 
If UE Capability # 2 for processing time is defined, add the corresponding capability indication in the UE feature list.

Proposal 3: 
Introduce capability for handling semi-persistent resources.

Proposal 4: 
Introduce capability indication for maximum number of SRS resources supported.

Proposal 5: 
Define the memory resource available for CSI processing by  as a UE capability, where  is the maximum number of active NZP CSI-RS resources across all CCs with SCS index ,  is the maximum total number of ports in all active NZP CSI-RS resources across all CCs with SCS index .  An NZP CSI-RS resource is active in a duration of time defined as follows:
· For A-CSI-RS, starting from the end of the PDCCH containing the request, and ending at the end of the PUSCH containing the report associated with this A-CSI-RS.
· For SP-CSI-RS, starting from the end of the activation command is applied, and ending at the end of the deactivation command is applied.
· For P-CSI-RS, the activate duration ends when the P-CSI-RS configuration is released.


Proposal 6: 
For intra-band contiguous DL or UL CA, required support is up to two different CC BWs in the band. 

Proposal 7: 
UE is only required to support identical BWP configuration for SCells of equal BW within a band. 
The same condition – i.e. BWP includes BW of the initial DL BWP -- which was introduced to Type A BWP adaptation, should also be added to Basic BWP operation as well.  

Proposal 8: 
For FR1, there is no need for additional 42 symbols for SRS beam switching. 

Proposal 9:
Need to have a limit on configurable CSI-RS resources for L1-RSRP. 
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 entity. 
Proposal 10: 
Unless noted otherwise, the meaning of Type 3 is ‘per band per band combination’

Proposal 11:
For the A-CSI-RS beam switching timing, adopt Alt. 2.    
Proposal 12:
Support of a slot format doesn’t mean that the UE is necessarily capable of transmissions/receptions in all symbols and DL/UL switches included in the slot format. Supporting the slot format only means that the UE can perform the procedure described in Section 11.1.1 in 36.213 to adjust its transmission/reception according to the slot format.    
Proposal 13:
Transmission/reception with two DL/UL switch points in a slot is optional.  
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