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Introduction 
Specific UE capabilities provide the gNB indication of UE’s support for simultaneous active NZP-CSI-RS resources per component carrier, as well as an aggregate limit over all component carriers when carrier aggregation is applied.
The UEs may report fairly low values per CC, and with CA the aggregate limit across all CCs may further limit what the UE can be configured with in a given CC.
For aperiodic CSI reporting the way the active NZP-CSI-RS resources are counted is from the end of the triggering DCI to the end of CSI report transmission. However, for periodic and semi-persistent CSI reporting a NZP-CSI-RS resource is considered active all the time when the CSI reporting using the NZP-CSI-RS is active. This is counterintuitive when reflecting it against the 38.214 definition of a CSI processing unit utilization as it is natural that a periodic NZP-CSI-RS is not actually loading a CPU any longer than an aperiodic NZP-CSI-RS.
	The UE indicates the number of supported simultaneous CSI calculations  with parameter simultaneousCSI-ReportsPerCC in a component carrier, and simultaneousCSI-ReportsAllCC across all component carriers. If a UE supports  simultaneous CSI calculations it is said to have  CSI processing units for processing CSI reports. If L CPUs are occupied for calculation of CSI reports in a given OFDM symbol, the UE has  unoccupied CPUs.



That is, for the same number of CPUs a much larger number of CSI reports can be processed by the system than with periodic or semi-persistent, as the UE is forced to over-count the number of active NZP-CSI-RS resources it is able to support for periodic and semi-persistent NZP-CSI-RS.
In addition, when the same NZP-CSI-RS resource is used in multiple CSI reporting configurations then that one resource is counted as multiple active CSI-rS resources. This is inefficient on its own, but with the Rel-18 Network Energy Saving feature where the same approach is extended to the NES CSI reporting sub-configurations this over-counting becomes prohibitive.
Eliminating these active NZP-CSI-RS counting inefficiencies would allow for a larger number of CSI-RS configurations while not actually requiring the UE to process any more CSI-RSs simultaneously.
Discussion
Definition of active NZP-CSI-RS resource
3GPP Release 15 makes the CSI-RS reseption “mandatory with capability signalling” in FG2-33 and allowing the UE to indicate the number of NZP-CSI-RS resources it supports per component carrier in component 4a. Component 4 of the same FG allows for the UE to set a cap on the number of active NZP-CSI-RS resources across all component carriers in carrier aggregation setup [1].
	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
	Mandatory with capability signaling
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-4a: candidate values {1, 2, 3 … 32}
Component-5: candidate values {8, 16, 24, …, 248, 256}
Component-5a: candidate values {8, 16, 24, … 128 }

	
	
	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. 



The corresponding UE capabilities in TS 38.306 [2]
	csi-RS-IM-ReceptionForFeedback
Indicates support of CSI-RS and CSI-IM reception for CSI feedback. This capability signalling comprises the following parameters:
-	maxConfigNumberNZP-CSI-RS-PerCC indicates the maximum number of configured NZP-CSI-RS resources per CC;
-	maxConfigNumberPortsAcrossNZP-CSI-RS-PerCC indicates the maximum number of ports across all configured NZP-CSI-RS resources per CC;
-	maxConfigNumberCSI-IM-PerCC indicates the maximum number of configured CSI-IM resources per CC;
-	maxNumberSimultaneousNZP-CSI-RS-PerCC indicates the maximum number of simultaneous CSI-RS-resources per CC;
-	totalNumberPortsSimultaneousNZP-CSI-RS-PerCC indicates the total number of CSI-RS ports in simultaneous CSI-RS resources per CC.
The UE is mandated to report csi-RS-IM-ReceptionForFeedback.

	csi-RS-IM-ReceptionForFeedbackPerBandComb
Indicates support of CSI-RS and CSI-IM reception for CSI feedback. This capability signalling comprises the following parameters:
-	maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC indicates the maximum number of simultaneous CSI-RS resources (irrespective of the associated codebook type) in active BWPs across all CCs, and across MCG and SCG in case of NR-DC. The network applies this limit in addition to the limits signalled in MIMO-ParametersPerBand-> maxNumberSimultaneousNZP-CSI-RS-PerCC and in Phy-ParametersFRX-Diff-> maxNumberSimultaneousNZP-CSI-RS-PerCC;
-	totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC indicates the total number of CSI-RS ports in simultaneous CSI-RS resources (irrespective of the associated codebook type) in active BWPs across all CCs, and across MCG and SCG in case of NR-DC. The network applies this limit in addition to the limits signalled in MIMO-ParametersPerBand-> totalNumberPortsSimultaneousNZP-CSI-RS-PerCC and in Phy-ParametersFRX-Diff-> totalNumberPortsSimultaneousNZP-CSI-RS-PerCC.
The UE is mandated to report csi-RS-IM-ReceptionForFeedbackPerBandComb.



And the corresponding UE capability signalling in the RRC specification [3]:
	CSI-RS-IM-ReceptionForFeedback ::= 	SEQUENCE { 
maxConfigNumberNZP-CSI-RS-PerCC  					INTEGER (1..64), 
maxConfigNumberPortsAcrossNZP-CSI-RS-PerCC  		INTEGER (2..256), 
maxConfigNumberCSI-IM-PerCC  							ENUMERATED {n1, n2, n4, n8, n16, n32}, 
maxNumberSimultaneousNZP-CSI-RS-PerCC  			INTEGER (1..64), 
totalNumberPortsSimultaneousNZP-CSI-RS-PerCC  	INTEGER (2..256)

	CA-ParametersNR-v1540 ::= 							SEQUENCE { 
	simultaneousSRS-AssocCSI-RS-AllCC  					INTEGER (5..32) 		OPTIONAL, 
	csi-RS-IM-ReceptionForFeedbackPerBandComb   		SEQUENCE { 
		maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC  			INTEGER (1..64) 	OPTIONAL, 
		totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC  	INTEGER (2..256) 	OPTIONAL 
}  																								OPTIONAL



T38.214 V15.16.0 subclause 5.2.1.6 CSI processing criteria defines how the abovementioned capability is counted for periodic, semi-persistent and aperiodic NZP-CSI-RS [4] (formatting changed for readability):
	In any slot, the UE is not expected to have more active CSI-RS ports or active CSI-RS resources in active BWPs than reported as capability. NZP CSI-RS resource is active in a duration of time defined as follows. 
· For aperiodic 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 aperiodic CSI-RS. 
· For semi-persistent CSI-RS, starting from the end of when the activation command is applied, and ending at the end of when the deactivation command is applied. 
· For periodic CSI-RS, starting when the periodic CSI-RS is configured by higher layer signalling, and ending when the periodic CSI-RS configuration is released. 
If a CSI-RS resource is referred N times by one or more CSI Reporting Settings, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times.


	
It can be noted that for A-CSI-RS the resource is only considered active during the timeline of the one A-CSI reporting procedure, starting from the end of the triggering DCI and ending at the end of the PUSCH delivering the CSI report, while for P-CSI-RS the resource is considered active all the time even if the periodicity maybe large. Similarly for SP-CSI reporting, the CSI-RS resource is active over the whole duration of the SP-CSI reporting even if the periodicity maybe large.
The fact that the P-CSI-RS and SP-CSI-RS resources are counted as always active puts pressure on the UEs to support a larger number of simultaneously active NZP-CSI-RS resources while low UE capability restricts the network operation. The low cap on the aggregate number of active NZP-CSI-RS resources across all component carriers further hinders the usage of carrier aggregation.
Observation 1: The FG 2-33 component 4a on active NZP-CSI-RS allows for very low UE capabilities
Observation 2: The FG2 2-33 component 4 may further restrict the number of active NZP-CSI-RS per CC when carrier aggregation is configured
Observation 3: The way the periodic and semi-persistent NZP-CSI-RS are counted as active leads to overdimensioning and underutilizing the UEs’ NZP-CSI-RS capability

For aperiodic NZP-CSI-RS the CSI-RS resource is only considered active from the end of the triggering PDCCH to the end of the PUSCH with the CSI report. Typically the CSI-RS triggeringoffset is fixed to zero, so interpreting the CSI-RS as active at the slot of the CSI-RS would not shorten the time the CSI-RS is considered active.
Observation 4: Counting the aperiodic NZP-CSI-RS time of activation starting from the slot of the CSI-RS instead of “end of the PDCCH containing the request” would not reduce the time the CSI-RS is considered active for the typical A-CSI-RS triggering case where the triggering offset is zero.

As it is possible to consider an NZP-CSI-RS resource active only starting at the slot of the NZP-CSI-RS (that being typically the slot of the triggering PDCCH), it should be possible to extend the same active NZP-CSI-RS counting to periodic and semi-persistent NZP-CSI-RS as well without increasing the UE’s complexity for NZP-CSI-RS resources that are really active simultaneously.
Another alternative would be to count the CSI-RS resource as active for a fixed time period from the slot of the CSI-RS, which could be seen more natural as the CSI-RS resource is not doing anything after the CSI report to be sent to the gNB has been obtained.
Proposal 1: For periodic NZP-CSI-RS counting, consider a NZP CSI-RS resource as “active” from the slot of the CSI-RS  
· Alt 1: to the slot of the corresponding CSI report
· Alt 2: for a fixed number of slots determined by the longest CSI computation time for the SCS

Proposal 2: For semi-persistent NZP-CSI-RS counting, consider a NZP CSI-RS resource as “active” from the slot of the CSI-RS
· Alt 1: to the slot of the corresponding CSI report
· Alt 2: for a fixed number of slots determined by the longest CSI computation time for the SCS



Counting one NZP-CSI-RS resource as multiple active NZP-CSI-RS resources
RAN1#93 in May 2018 made the following agreement that lead to the 38.214 statement that counts the one NZP-CSI-RS resource as N active NCP-CSI-RS resources if it is referred to by N CSI report settings. 
Agreement [RAN1#93, May 2018]
· 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
Corresponding TS38.214 statement: If a CSI-RS resource is referred N times by one or more CSI Reporting Settings, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times.

This may have been justified at the time to simplify the UE implementation and speed the time to market, but over time it maybe assume that UE implementations have been optimized further and for processing burden (and corresponding power consumption) reduction it is more beneficial to process one NZP-CSI-RS only once for multiple CSI reports rather than process it multiple times. If the UE implements the CSI-RS processing this way it is not able to indicate that to the gNB and when the same NZP-CSI-RS is used by multiple CSI reporting settings the UE’s capability cannot be exploited at the fullest.

Proposal 3: 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, is counted as one resource even if the CSI-RS resource is referred by N resource Report settings

Proposed specification changes
The proposed active NZP-CSI-RS counting rationalization would call for a new UE capability or capabilities, and a slight modification in the TS 38.214 subclause 5.2.1.6 as proposed below. The capability and 38.214 modification should be preferably introduced to Rel-16 to allow fully using the UEs’ CSI-RS processing capabilities as early as possible.
Proposal 4: Introduce a Rel-16 UE capability for the new counting of “active” NZP-CSI-RS resources as follows:
· Periodic/spemi-persistent NZP-CSI-RS resource is considered “active” from the slot of the CSI-RS to the end of the last slot of the PUCCH/PUSCH containing the associated CSI report
· 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 only once even if the CSI-RS resource is referred by N Report settings

Proposal 5: Adopt one of the two specification change alternatives to TS38.214 subclause 5.2.1.6:
Alt 1 (according to Alt 1 of proposal 1 and proposal 2:
	In any slot, the UE is not expected to have more active CSI-RS ports or active CSI-RS resources in active BWPs than reported as capability. NZP CSI-RS resource is active in a duration of time defined as follows. 
-	For aperiodic 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 aperiodic CSI-RS. 
-	For a UE not indicating support for [active NZP-CSI-RS resource counting UE capability] for semi-persistent CSI-RS, starting from the end of when the activation command is applied, and ending at the end of when the deactivation command is applied. 
-	For a UE not indicating support for [active NZP-CSI-RS resource counting UE capability] for periodic CSI-RS, starting when the periodic CSI-RS is configured by higher layer signalling, and ending when the periodic CSI-RS configuration is released. 
-	For a UE indicating support for [active NZP-CSI-RS resource counting UE capability] for semi-persistent and periodic CSI-RS, starting from the start of the slot containing the NZP-CSI-RS and ending at the end of the last slot of the PUCCH/PUSCH containing the report associated with this CSI-RS.
If a CSI-RS resource is referred N times by one or more CSI Reporting Settings, 
-	for a UE not indicating support for [active NZP-CSI-RS resource counting UE capability] the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times,
-	for a UE indicating support for [active NZP-CSI-RS resource counting UE capability] the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted once.



Alt 2 (according to Alt 2 of proposal 1 and proposal 2:
	In any slot, the UE is not expected to have more active CSI-RS ports or active CSI-RS resources in active BWPs than reported as capability. NZP CSI-RS resource is active in a duration of time defined as follows. 
-	For aperiodic 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 aperiodic CSI-RS. 
-	For a UE not indicating support for [active NZP-CSI-RS resource counting UE capability] for semi-persistent CSI-RS, starting from the end of when the activation command is applied, and ending at the end of when the deactivation command is applied. 
-	For a UE not indicating support for [active NZP-CSI-RS resource counting UE capability] for periodic CSI-RS, starting when the periodic CSI-RS is configured by higher layer signalling, and ending when the periodic CSI-RS configuration is released. 
-	For a UE indicating support for [active NZP-CSI-RS resource counting UE capability] for semi-persistent and periodic CSI-RS, starting from the start of the slot containing the NZP-CSI-RS for a duration of Z2 symbols rounded up to full slots, where Z2 is defined in table 5.4-2.
If a CSI-RS resource is referred N times by one or more CSI Reporting Settings, 
-	for a UE not indicating support for [active NZP-CSI-RS resource counting UE capability] the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times,
-	for a UE indicating support for [active NZP-CSI-RS resource counting UE capability] the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted once.



Interoperability:
· If the network implements the change and the UE does not: The network identifies that the UE uses the old counting method for active NZP-CSI-RS resources from the absence of the UE capability indication
· If the UE implements the change and the network does not: The UE could be requested to measure more NZP-CSI-RS resources, but as the gNB applies the old counting method it will not be able to exploit the new capability. However there is no interoperability problems.
Proposal 6: Agree to a CR in [5] according to the alternative 2
Proposal 7: Send an LS to RAN2 requesting the introduction of the corresponding UE capability

Conclusion
This document discusses the counting of active NZP-CSI-RS resources and how it leads to underutilizing the UEs capabilities and limiting how the network can configure NZP-CSI-RSs and potentially putting a cap on how many component carriers the network can configure to a UE. Related to this the following observations and proposals are made:
Observation 1: The FG 2-33 component 4a on active NZP-CSI-RS allows for very low UE capabilities
Observation 2: The FG2 2-33 component 4 may further restrict the number of active NZP-CSI-RS per CC when carrier aggregation is configured
Observation 3: The way the periodic and semi-persistent NZP-CSI-RS are counted as active leads to overdimensioning and underutilizing the UEs’ NZP-CSI-RS capability
Observation 4: Counting the aperiodic NZP-CSI-RS time of activation starting from the slot of the CSI-RS instead of “end of the PDCCH containing the request” would not reduce the time the CSI-RS is considered active for the typical A-CSI-RS triggering case where the triggering offset is zero.

Proposal 1: For periodic NZP-CSI-RS counting, consider a NZP CSI-RS resource as “active” from the slot of the CSI-RS  
· Alt 1: to the slot of the corresponding CSI report
· Alt 2: for a fixed number of slots determined by the longest CSI computation time for the SCS

Proposal 2: For semi-persistent NZP-CSI-RS counting, consider a NZP CSI-RS resource as “active” from the slot of the CSI-RS
· Alt 1: to the slot of the corresponding CSI report
· Alt 2: for a fixed number of slots determined by the longest CSI computation time for the SCS

Proposal 3: 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, is counted as one resource even if the CSI-RS resource is referred by N resource Report settings
Proposal 4: Introduce a Rel-16 UE capability for the new counting of “active” NZP-CSI-RS resources as follows:
· Periodic/spemi-persistent NZP-CSI-RS resource is considered “active” from the slot of the CSI-RS to the end of the last slot of the PUCCH/PUSCH containing the associated CSI report
· 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 only once even if the CSI-RS resource is referred by N Report settings

Proposal 5: Adopt one of the two specification change alternatives to TS38.214 subclause 5.2.1.6:
Alt 1 (according to Alt 1 of proposal 1 and proposal 2:
	In any slot, the UE is not expected to have more active CSI-RS ports or active CSI-RS resources in active BWPs than reported as capability. NZP CSI-RS resource is active in a duration of time defined as follows. 
-	For aperiodic 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 aperiodic CSI-RS. 
-	For a UE not indicating support for [active NZP-CSI-RS resource counting UE capability] for semi-persistent CSI-RS, starting from the end of when the activation command is applied, and ending at the end of when the deactivation command is applied. 
-	For a UE not indicating support for [active NZP-CSI-RS resource counting UE capability] for periodic CSI-RS, starting when the periodic CSI-RS is configured by higher layer signalling, and ending when the periodic CSI-RS configuration is released. 
-	For a UE indicating support for [active NZP-CSI-RS resource counting UE capability] for semi-persistent and periodic CSI-RS, starting from the start of the slot containing the NZP-CSI-RS and ending at the end of the last slot of the PUCCH/PUSCH containing the report associated with this CSI-RS.
If a CSI-RS resource is referred N times by one or more CSI Reporting Settings, 
-	for a UE not indicating support for [active NZP-CSI-RS resource counting UE capability] the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times,
-	for a UE indicating support for [active NZP-CSI-RS resource counting UE capability] the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted once.



Alt 2 (according to Alt 2 of proposal 1 and proposal 2:
	In any slot, the UE is not expected to have more active CSI-RS ports or active CSI-RS resources in active BWPs than reported as capability. NZP CSI-RS resource is active in a duration of time defined as follows. 
-	For aperiodic 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 aperiodic CSI-RS. 
-	For a UE not indicating support for [active NZP-CSI-RS resource counting UE capability] for semi-persistent CSI-RS, starting from the end of when the activation command is applied, and ending at the end of when the deactivation command is applied. 
-	For a UE not indicating support for [active NZP-CSI-RS resource counting UE capability] for periodic CSI-RS, starting when the periodic CSI-RS is configured by higher layer signalling, and ending when the periodic CSI-RS configuration is released. 
-	For a UE indicating support for [active NZP-CSI-RS resource counting UE capability] for semi-persistent and periodic CSI-RS, starting from the start of the slot containing the NZP-CSI-RS for a duration of Z2 symbols rounded up to full slots, where Z2 is defined in table 5.4-2.
If a CSI-RS resource is referred N times by one or more CSI Reporting Settings, 
-	for a UE not indicating support for [active NZP-CSI-RS resource counting UE capability] the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times,
-	for a UE indicating support for [active NZP-CSI-RS resource counting UE capability] the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted once.



Proposal 6: Agree to a CR in [5] according to the alternative 2
Proposal 7: Send an LS to RAN2 requesting the introduction of the corresponding UE capability
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