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1 Introduction
In this contribution, we discuss several remaining issues for Rel-15 NR UE capabilities. 
2 Mandatory/optional setting for undecided UE features
There are several UE features for which mandatory/optional settings are not decided yet. In this section, we provide our preference and comments in Table 2.
Proposal 1: Discuss the mandatory/optional settings in Table 1.
Table 1: Preference/comments on remaining UE features
	Feature group
	Feature component
	Huawei/HiSilicon preference/comments

	1-8
	RLM based on a mix of SS block and CSI-RS signals within active BWP
	Mandatory with capability signaling

	2-4
	TCI states for PDSCH
	For FR2, UE is mandated to signal 64 for component 2.

	2-15b
	CSI-RS processing framework for SRS
	Optional with capability signaling

	2-20
	Beam correspondence
	Depending on RAN4 performance requirements.

This feature is not supported for FR1.

	2-21
	Periodic beam report
	Mandatory with capability signaling for FR1

	2-22
	Aperiodic beam report
	Mandatory with capability signaling for FR1

	2-26
	Receiving beam selection using CSI-RS resource repetition "ON"
	Optional with UE capability for FR1

	2-28
	A-CSI-RS beam switching timing
	Mandatory with capability signaling for FR2, i.e. at least one value is reported by a UE for FR2

	2-29
	Non-group based beam reporting
	Mandatory with capability signaling for both FR1 and FR2, i.e. at least UE needs to report one value

	2-30
	Uplink beam management
	Mandatory with capability signaling for FR2, i.e. at least UE needs to report one value for each component

Optional with capability signaling for FR1

	2-31
	Beam failure recovery
	Mandatory with capability signaling for FR2,  i.e. at least UE needs to report one value for each component

This feature is not supported for FR1.

	2-33
	CSI-RS and CSI-IM reception for CSI feedback
	Mandatory with capability signaling, i.e. at least UE needs to report one value for each component

	2-34
	NZP-CSI-RS  based interference measurement
	Mandatory with capability signaling

	2-35
	CSI report framework
	 Candidate values for component 4 are from 1 to 8.

	2-36
	Type I single panel codebook
	Mandatory with capability signaling, i.e. at least UE needs to report one value for each component

	2-38
	CSI report without PMI
	Optional with UE capability signaling

	2-41
	Type II codebook
	Mandatory with capability signaling, i.e. at least UE needs to report one value for each component

	2-43
	Type II codebook with port selection
	Optional with capability signaling

	2-47
	Basic UL PTRS
	Mandatory with UE capability signaling for FR1

	2-51
	TRS
(CSI-RS for tracking)
	Void component #2 “TRS burst length (X)”
For Comp#4, UE is mandated to signal the value of 8
For Comp#5, UE is mandated to signal the value of 32
Mandatory with capability signaling, i.e. at least UE needs to report one value for each component

	2-53
	SRS resources
	Mandatory with capability signaling, i.e. at least UE needs to report one value for each component

	2-56
	SRS carrier switch
	Mandatory with capability signaling

	2-59
	Configured spatial relations
	Mandatory with capability signaling
UE is mandated to signal 64

	2-60
	Active spatial relations
	Mandatory with capability signaling, i.e. at least one of the values is supported by the UE.

	4-24
	PUCCH-spatialrelationinfo indication by a MAC CE per PUCCH resource
	Only applicable to FR2

	5-27a
	Dynamic rate-matching control resource set for DL
	Mandatory with capability signaling

	6-1
	Basic BWP operation with restriction
	Mandatory without capability signaling

	6-16
	Supplemental uplink
	Optional with capability signaling

	6-18
	Supplemental uplink with dynamic switch
	Mandatory with capability signaling


3 Clarification of some UE feature components
In this section, we provide clarification on some of the UE features and corresponding components. 

3.1
UE features 3-1 and 3-8
UE feature 3-1, the component with respect to the number of search spaces in a serving cell is marked as yellow for further discussion. 

For PCell and PSCell, the numbers in the brackets are already close to the maximum number supported by current specification. Therefore, we propose not to have the search space limitation for PCell and PSCell. Correspondingly, the component of UE feature 3-8 needs to be updated such that it only applies to SCell.
Proposal 2: The search space limitation on PCell and PSCell in UE feature 3-1 is removed. The search space limitation on SCell in UE feature 3-1 is kept. The component of UE feature 3-8 is updated such that it applies to SCell.

3.2
UE feature 5-33
The length of type B PUSCH is from 1 to 14. For UE feature 5-33 “Separation of two unicast PUSCHs with a gap”, only 30kHz and 60kHz are considered so far. However, for PUSCH with mapping type B, 1 symbol PUSCH is also allowed. Thus, UE feature 5-33 shall also include 15kHz, as updated in Table 2.
Proposal 3: Update the component of UE features 5-33 as in Table 2.
Table 2: Update to the note in UE features 2-33, 2-36, 2-40, 2-41 and 2-43
	#
	Feature group
	Feature component
	Note
	RAN WG recommendations

	5-33
	Separation of two unicast PUSCHs with a gap
	For any two consecutive slots n and n+1, if there are more than 1 unicast PUSCH in either slot, the minimum time separation between starting time of any two unicast PUSCHs within the duration of these slots is 

2 OFDM symbols for 15kHz, 4 OFDM symbols for 30kHz and 7 OFDM symbols for 60kHz
	Note: this feature only applies to SCS 15kHz, 30kHz and 60kHz
	Optional with capability signaling


3.3
UE feature 2-55
For UE feature 2-55 SRS antenna switching, the current candidate values for component 1 include {“Not supported”, “1T2R”, “1T4R”, “2T4R”, “1T4R/2T4R”, “1T=1R”, “2T=2R”, “4T=4R”}. It is noted that in Rel-15 LTE, the following UE capabilities in Table 2 are defined for LTE SRS antenna switching. It is better to clarify that the meaning of “2T4R” candidate value in NR UE feature 2-55 is the same as the Rel-15 LTE 12-2, i.e. 2T4R with 2 pairs of antennas.

Proposal 4: Clarify that the meaning of “2T4R” in NR UE feature 2-55 is “2T4R with 2 pairs of antennas”.

Table 3: Rel-15 LTE SRS antenna switching capabilities
	12. SRS antenna switching
	12-1
	Support 1T4R SRS antenna switching
	Support 1T4R SRS antenna switching
	1T4R
	Yes
	Network cannot fully obtain the channel status for the 4 antennas.
	Yes
	
	Per band of band combination
	RAN1
	Optional with capability signaling

	
	12-2
	Support 2T4R SRS antenna switching with 2 pairs of antennas
	Support 2T4R SRS antenna switching with 2 pairs of antennas
	2T4R
	Yes
	Network cannot fully obtain the channel status for the 4 antennas.
	Yes
	
	Per band of band combination
	RAN1
	Optional with capability signaling

	
	12-3
	Support 2T4R SRS antenna switching with 3 pairs of antennas
	Support 2T4R SRS antenna switching with 3 pairs of antennas
	2T4R
	Yes
	Network cannot fully obtain the channel status for the 4 antennas.
	Yes
	
	Per band of band combination
	RAN1
	Optional with capability signaling


3.4
UE feature 5-1
In the basic UE feature of 5-1, it is stated that there is only one PUSCH per slot, i.e. “1-14 OFDM symbols for PUSCH once per slot”. However, it is not stated how many unicast PDSCH pre slot the basic UE feature includes. Since we have separate UE features for supporting more than 1 unicast PDSCH per slot, it is worthwhile to clarify at most one unicast PDSCH for the basic UE feature 5-1.

Proposal 5: Clarify that at most one unicast PDSCH per slot in UE feature 5-1.

3.5
Alignments to previous agreements 
The following agreement was made in RAN1 #93 but has not captured in the latest UE feature list. 
Agreement
· For the purpose of simultaneous CSI-RS reception in UE features 2-33, 2-36, 2-40, 2-41 and 2-43, CSI-RS ports within one CSI-RS resource, as well as the CSI-RS resource, are counted N times if the CSI-RS resource is referred by N resource Report settings
Proposal 6: Update the note for UE features 2-33, 2-36, 2-40, 2-41 and 2-43 as in Table 4.
 Table 4: Update to the note in UE features 2-33, 2-36, 2-40, 2-41 and 2-43
	Feature group
	Feature component
	Mandatory without capability signaling
	Note
	RAN WG recommendations

	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

4. Supported max # simultaneous NZP-CSI-RS resources in active BWPs across all CCs

4a. Supported max # simultaneous NZP-CSI-RS resources per CC

5. Supported max total # of CSI-RS ports in simultaneous NZP-CSI-RS resources in active BWPs across all CCs

5a. Supported max total # of CSI-RS ports in simultaneous NZP-CSI-RS resources per CC


	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.
Note: for the purpose component-1/2/4/4a/5/5a calculation: CSI-RS resources and CSI-RS ports within one CSI-RS resource are counted N times if the CSI-RS resource is referred by N report settings
	Component-1 candidate values: {from 1 to 32} 
Component-2 candidate values: {2, 4, 8, 12, 16, 24, 32, 40, 48 … ,256} 

Component-3: candidate values: {1,2,4,8,16,32}

Component-4: candidate values {5, 6, 7, 8, 9, 10, 12, 14, 16, …, 62, 64} (includes all even numbers between 16 and 64)

Component-5: candidate values {8, 16, 24, …, 248, 256}

	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)

3. Max # of CSI-RS resource in a resource set 
	Note: simultaneously doesn’t mean in the same slot

Note: for the purpose component-1 calculation: CSI-RS resources and CSI-RS ports within one CSI-RS resource are counted N times if the CSI-RS resource is referred by N resource report settings
	Component-1: 

Maximum size of the list is 16. 

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 (including both channel and NZP-CSI-RS based interference measurement) is:

{from 2 to 256}

Component-2 candidate values: 

{“Mode-1 only”, “Mode-1 and Mode-2”}. 

Component-3 Candidate values set: {1:8}



	 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

4. Max # of CSI-RS resource in a resource set  
	Note: simultaneously doesn’t mean in the same slot

Note: for the purpose component-1 calculation: CSI-RS resources and CSI-RS ports within one CSI-RS resource are counted N times if the CSI-RS resource is referred by N resource report settings
	Optional

Component-1: 

Maximum size of the list is 16. 

the candidate values for the max # of Tx port in one resource is 

{8, 16, 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: Component-2 candidate values: 

{Mode-1, Mode-2, both}

Component-3:

Candidate value: {2,4} 

Component-4: candidate value set is {1:8}

	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
	Note: simultaneously doesn’t mean in the same slot

Note: for the purpose component-1 calculation: CSI-RS resources and CSI-RS ports within one CSI-RS resource are counted N times if the CSI-RS resource is referred by N resource report settings
	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}

Component-2, candidate values {2,3,4}

Component-3, candidate values set: {wideband, wideband/subband}

Component-4, candidate value set: {“no amplitude subset restriction”, “support amplitude subset restriction”}

	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 
	Note: simultaneously doesn’t mean in the same slot

Note: for the purpose component-1 calculation: CSI-RS resources and CSI-RS ports within one CSI-RS resource are counted N times if the CSI-RS resource is referred by N resource report settings
	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}

Component-2, candidate values set for “Lx” is {2,3,4}

Component-3, candidate values set: {wideband, wideband/subband}

Component-4: candidate value set is {1:8}


4 Conclusions
In this contribution, we discuss several remaining issues for Rel-15 NR UE features. The following proposals are made for discussion and decision. 
Proposal 1: Discuss the mandatory/optional settings in Table 1.
Proposal 2: The search space limitation on PCell and PSCell in UE feature 3-1 is removed. The search space limitation on SCell in UE feature 3-1 is kept. The component of UE feature 3-8 is updated such that it applies to SCell.

Proposal 3: Update the component of UE features 5-33 as in Table 2.
Proposal 4: Clarify that the meaning of “2T4R” in NR UE feature 2-55 is “2T4R with 2 pairs of antennas”.
Proposal 5: Clarify that at most one unicast PDSCH per slot in UE feature 5-1.

Proposal 6: Update the note for UE features 2-33, 2-36, 2-40, 2-41 and 2-43 as in Table 4.

