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Introduction
In RAN#98 meeting, enhancements on CSI and beam management is agreed as an objective of the work item for network energy saving as follows [1],
	1. Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements


In this contribution, we discuss the remaining issues on spatial and power domain for network energy saving. 
Discussion
Remaining issues on Reporting configurations

2.1.1 Restriction on the number of CSI-RS resources/ports
[bookmark: _Hlk127201288]Based on the current mechanism as below, if Ks>1 CSI-RS resources in the corresponding resource set are configured, the configurable number of CSI-RS ports for each resource is no larger than 16. In other words, at most one resource is allowed per resource set if the number of CSI-RS ports is 32.
	[bookmark: _Toc11352114][bookmark: _Toc20318004][bookmark: _Toc27299902][bookmark: _Toc29673169][bookmark: _Toc29673310][bookmark: _Toc29674303][bookmark: _Toc36645533][bookmark: _Toc45810578][bookmark: _Toc146791776][bookmark: _Hlk149568368]5.2.1.4.2	Report quantity configurations
-----------------------omitted text-----------------------
If CSI-RS resources are configured, each resource shall contain at most 16 CSI-RS ports. If CSI-RS resources are configured, each resource shall contain at most 8 CSI-RS ports.
-----------------------omitted text-----------------------


In addition, the number of P/SP CSI-RS resource sets linked to a CSI-ReportConfig is limited to one for channel measurement. Although multiple AP resource sets are feasible for the channel measurement, only one of them is associated with the trigger state. Hence, only one AP resource set can be triggered for the measurement.
Based on aforementioned analysis, we can conclude that at most one CSI-RS resource with 32 CSI-RS ports can be adopted for channel measurement for one CSI reporting.
Observation 1: At most one CSI-RS resource containing 32 CSI-RS ports is feasible for channel measurement with one CSI-Reportconfig.
As for the CSI-RS resources associated with sub-configurations in NES scenario, the association rule has been determined in RAN1#113 meeting [2]:
	[bookmark: _Hlk138692716]Agreement
· For A1-1-revised for Type 2, one or more CSI-RS resources from a CSI-RS resource set for channel measurement can be associated with the same sub-configuration provided in a CSI report configuration
· Resources in the resource set for channel measurement have the same number of antenna ports
· For A1-2-revised for Type 1, all CSI-RS resource(s) (which can be one or more) in the CSI-RS resource set for channel measurement are associated with each sub-configuration provided in a CSI report configuration
· i.e. each CSI-RS resource is associated with all the sub-configurations
· Resources in the resource set for channel measurement have the same number of antenna ports
· FFS: restriction on total number of CSI-RS resources for channel measurement in a CSI-ReportConfig and/or sub-configuration.


According to the above definition, if one CSI-RS resource containing 32 CSI-RS ports is configured or triggered in the corresponding resource set, the associated sub-configuration for respective Type 1 and Type 2 spatial domain (SD) pattern is shown in Figure 1. The CSI-RS resource can be associated with multiple SD patterns for Type 1 SD adaptation. Hence at most one resource can be adopted for channel measurement in a sub-configuration. However, the resource is only associated with one SD pattern for Type 2 SD adaptation. Unfortunately, only one sub-configuration is feasible for channel measurement with only one CSI-RS resource in CSI-ReportConfig 2. 


[bookmark: _Ref146703671]Figure 1 The CSI-RS resources associated with the sub-configuration
Actually, the intention of introducing multiple sub-configurations is to capture corresponding CSIs of multiple SD patterns. Hence a matched SD pattern can be adopted for further PDSCH scheduling. If only one SD pattern’s CSI is obtained with one sub-configuration, the performance of CSI measurement is degraded.
In order to enable the feasibility of CSI measurement for multiple SD patterns, following options are discussed in previous meeting [4]:
· Option 1:  Clarify that the restriction on the number of CSI-RS resources/ports in TS 38.214 is applied on each sub-configuration for a CSI report containing L sub-configurations [8].

· Option 2: Relax the restriction on the number of CSI-RS resources/ports within one resource set. Currently, maximum 2 CSI-RS resources with 32 ports has been supported in MTRP scenario. Hence, a similar mechanism can be adopted for the measurement of multiple SD patterns, i.e., extending the maximum number of CSI-RS resources containing 32 ports into two, subject to UE capability. 
	5.2.1.4.2	Report quantity configurations
-----------------------omitted text-----------------------
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI', or 'cri-RI-LI-PMI-CQI' and the corresponding NZP-CSI-RS-ResourceSet for channel measurement is configured with  resources, two Resource Groups with  resources in Group 1,  resources in Group 2, , and  Resource Pairs:
-	each resource can contain, subject to UE capability, at most 32 CSI-RS ports. For two Resource Groups with   resources (i=1,2), if , the resource in NZP-CSI-RS-ResourceSet shall contain at most 32 CSI-RS ports; if , each resource in NZP-CSI-RS-ResourceSet shall contain at most 16 CSI-RS ports; if  , each resource in NZP-CSI-RS-ResourceSet shall contain at most 8 CSI-RS ports.
-----------------------omitted text-----------------------



· Option 3: Reuse current restriction and no further enhancement to current spec. The gNB can obtain CSIs of multiple sub-configurations by configuring/triggering multiple CSI reports. Each CSI report is associated with one SD pattern.  Example scenarios for P/SP report and AP report are shown in Figure 2 and Figure 3, respectively.



[bookmark: _Ref146717639][bookmark: _Hlk146721817]Figure 2 The configuration of multiple SD patterns with multiple P/SP CSI-ReportConfigs


[bookmark: _Ref146721854]Figure 3 The configuration of multiple SD patterns with multiple AP triggers
Option 1 and Option 2 increase the total number of CSI-RS ports within one resource set. Currently, maximum 32 ports in total are feasible within one resource set if each of the CSI-RS resources contains more than 8 ports. For Option 1, when the restriction is applied per sub-configuration for NES, the allowed number is increased to L times. The reason is that the resources associated with L sub-configurations still belong to one resource set. Reminding that the maximum value of L may reach to 8, the total number may be: 328=256. The value is too large for the UE to handle. Currently, the candidate values of max total # of CSI-RS ports in simultaneous NZP-CSI-RS resources per CC is no larger than 128 [5]. 256 ports are beyond UE capability. For Option 2, the feasible number is extended to 64 ports, similar to MTRP. 
Option 3 is the simplest way without any spec enhancement. One concern for Option 3 may be that multiple sub-configurations occupy redundant CSI report configs. Currently, maximum 4 P/SP/AP CSI report configs per BWP are feasible for CSI reporting. The performance of CSI measurement may be degraded as seldom report configs are left for other measurement requirements, e.g., for beam related measurement. Per our understanding, that problem can be solved by gNB configuration. For instance, gNB can configure CSI-RS resources containing 16/8 ports to reduce the number of occupied report configs, as multiple SD patterns are enabled within one report config in that case. 
Based on the aforementioned analysis, we prefer Option 3 without further spec update and without higher UE capability requirement.
Proposal 1: Reuse current restriction on the number of CSI-RS resources/ports in TS 38.214 for a CSI report containing L sub-configurations.

2.1.2 Applicability of non-PMI-Indication
Based on the agreement in previous meeting [7], the report quantity ‘cri-RI-CQI’ is configurable for NES. Currently, ‘cri-RI-CQI’ is associated with non-PMI CSI reporting and the UE calculates the RI/CQI based on the port indication non-PMI-PortIndication. For each CSI-RS resource configured with nrofports (P), non-PMI-PortIndication indicates r ports in the order of layer ordering for rank r (r {1, 2,…,P}). However, for type 1 SD adaptation, one CSI-RS resource may correspond to multiple SD patterns. Each SD pattern is associated with one ‘nrofports’ and one ‘rank’. In this case, non-PMI-PortIndication should be configured per sub-configuration to reflect the association between r ports and rank r for one SD pattern.
Proposal 2: For type 1 SD adaptation, support non-PMI-PortIndication to be configured per sub-configuration.
Currently, if the UE is not configured with non-PMI-PortIndication for one CSI-RS resource, the UE assumes CSI-RS port indices {0,…,} are associated with ranks =1,2,…,P. Similarly, if non-PMI-PortIndication for one sub-configuration is not configured, the UE assumes re-indexed CSI-RS port indices {0,…,}are associated with ranks =1,2,…,Ps. Here Ps is the number of antenna ports derived by sub-configuration s.
Proposal 3: For type 1 SD adaptation, if non-PMI-PortIndication is not configured in sub-configuration s, the UE assumes re-indexed CSI-RS port indices {0,…,} are associated with ranks =1,2,…,Ps.
2.1.3 The configuration of NZP CSI-RS resource lists
The configuration of NZP CSI-RS lists for joint operation of type 2 SD and PD has been discussed in previous meeting. But no consensus is achieved. In our understanding, for a CSI report containing parameters for SD adaptation and PD adaptation, the gNB may conduct following operations:
· [bookmark: _Hlk149657906]To investigate the optimal power for further PDSCH scheduling, the gNB configures multiple power offsets for one SD pattern. In this case, multiple sub-configurations are mandatory to be associated with different power offset value. And the NZP CSI-RS lists among sub-configurations are identical with one SD pattern, like sub-config 1, sub-config 2 and sub-config 3 in Figure 4. The reason is that one CSI-RS resource is only associated with one SD pattern for type 2 adaptation.
· To investigate the optimal SD pattern, the gNB configures multiple SD patterns for one power offset. In this case, multiple sub-configurations are mandatory to be associated with different SD patterns. Hence, the resource lists among sub-configurations have no intersection. An example configuration is sub-config 5 and sub-config 6 in Figure 4.
· To investigate the optimal SD and PD pattern, the gNB configures multiple SD&PD combinations. In this case, the SD patterns are different across sub-configurations, as well as PD patterns. It is straightforward that the resource lists have no overlapping NZP CSI-RS resources, like sub-config 3 and sub-config 4 in Figure 4.
[image: ]
[bookmark: _Ref149657452]Figure 4 The configuration of NZP CSI-RS list for joint operation of type 2 SD and PD 
The NZP CSI-RS list is also applied in the scenario of type 2 SD adaption only. As different sub-configurations should be associated with different SD patterns, there is no doubt that the associated lists should not conclude the overlapping NZP CSI-RS resource.
Proposal 4: The list of NZP CSI-RS resources is identical to or has no intersection with a list of NZP CSI-RS resources configured for any other sub-configuration(s) within the CSI-ReportConfig.
Another issue that needs to be discussed is if additional description on the value of power offset is necessary. Based on the analysis in [6], following restriction is added for joint type 2 SD and PD adaptation:
	· If the list of NZP CSI-RS resources is identical among the sub-configuration(s), the value of [powerOffset] is different among the sub-configuration(s). 
· If the list of NZP CSI-RS resources has no intersection among the sub-configuration(s), the value of [powerOffset] is same or different among the sub-configuration(s).


The intention of above restrictions is not clear to us. As we analyse before, if identical list of NZP CSI-RS resources is configured among sub-configurations, the sub-configurations are associated with one SD pattern. In this case, the gNB will configure different power offsets for that SD pattern. We don’t recognize any other possibilities even without the restriction on the first sub-bullet. For the second sub-bullet, it lists all the possibilities without any restriction. In other words, the power offset value is either identical or different.
Proposal 5: There is no necessity to introduce additional description on the value of power offset.


Remaining issues on CSI processing criteria
2.2.1 CSI-RS resource/ port counting
In RAN#114 meeting [7], the CSI-RS resource/ports counting rule for SD only or PD only is defined as below:
	Agreement
For a CSI report configuration containing sub-configuration(s), if a CSI-RS resource is referred by M sub-configurations among X sub-configurations, the CSI-RS resource is counted M times and CSI-RS ports within the CSI-RS resource are counted by
· [bookmark: _Hlk148886504]Option 2A:  for Type 1 SD adaptation, and  for Type 2 SD or PD adaptation.
·  is nrofPorts configured in NZP-CSI-RS-Resource and  is the number of CSI-RS ports in sub-configuration s derived from port subset indication.
· It is understood that further discussions are necessary


However, the counting rule applied for SD and PD joint adaptation has not been determined. For joint adaptation of type 2 SD and PD, each referred sub-configuration by a CSI-RS resource is associated with P CSI-RS ports. Hence, the corresponding CSI-RS ports are counted by . For joint type 1 SD and PD adaptation, the referred sub-configuration s is associated with Ps CSI-RS ports, as shown in Figure 5. Hence,  ports should be counted in this case.
[image: ]
[bookmark: _Ref149724557]Figure 5 Joint operation of type 2 SD and PD adaptation
Proposal 6: For joint SD and PD adaptation, the CSI-RS ports within one CSI-RS resource are counted by:
·  for joint type 1 SD and PD adaptation;
·  for joint type 2 SD and PD adaptation;

Another issue that needs to be discussed is the definition of X. Based on the current mechanism, the active CSI-RS resources/ ports are counted in a duration of time defined as below [8]:

	5.2.1.6	CSI processing criteria
-----------------------omitted text-----------------------
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 scheduled PUSCH containing the report associated with this aperiodic CSI-RS. When the PDCCH candidates are associated with a search space set configured with searchSpaceLinkingId, for the purpose of determining the NZP CSI-RS resource active duration, the PDCCH candidate that ends later in time among the two linked PDCCH candidates is used. 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. 
-----------------------omitted text-----------------------


Based on the aforementioned definition, X should be defined based on the types of CSI-RS resources, other than types of CSI-RS reports. To be specific, X=N for AP CSI-RS resources, and X=L for P resources. Here, N is the number of triggered sub-configurations and L is the number of configured sub-configurations. For SP CSI-RS resource, it is active during the time when activation command is applied, regardless the associated sub-configurations are triggered or not. Hence, X should be equal to L for SP resources. 
 Proposal 7: For the CSI-RS resources/ports counting, X equals to:
· N for AP CSI-RS resources;
· L for P/SP CSI-RS resources;

Besides, an additional UE capability on the number of simultaneous ports and resources for NES is proposed by some companies [9]. From our understanding, that is a different topic with CSI-RS resources/ports counting and should be discussed separately. The former is about how many CSI-RS resources/ports are essential for UE supporting NES feature, while the latter is about how the CSI-RS resources/ports are counted for a CSI report containing sub-configurations. 
Proposal 8: The UE capability on simultaneous ports/CSI-RS resources should be discussed separately with CSI-RS resources/ports counting.
Remaining issues on CSI reference definition
In previous meeting [4], a remaining issue on UE reporting operation has been summarized as below:
	For RAN1#115:
Further discuss in the next meeting for the following case:
A UE configured with CSI report configuration with e.g. two sub-configurations (sub-config#1 and sub-config#2), each with e.g. two CSI-RS resources, none of the CSI-RS Tx occasions of sub-config#1 meet the CSI reference resource, i.e. they are later than CSI ref. resource, the UE shall 
· Alt 1: report the CSI report, according to current spec
· Alt 2: report the CSI sub-report#2 only and drop the CSI sub-report#1 only
· Alt 3: drop the entire CSI report



Based on the above analysis, if at least one of the CMRs is received no later than CSI reference resource, the UE should report the CSI report according to below current spec:
[bookmark: _GoBack]
	5.2.2.5	CSI reference resource definition
-----------------------omitted text-----------------------
After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise.
-----------------------omitted text-----------------------


However, that is not true as the meaning of “occasion” above is not clear. Based on the discussion in [10], the interpretations of “at least one CSI-RS transmission occasion” may include:
· Interpretation 1: “occasion” applies to only one CMR or IMR configured in the CSI resource setting associated with the CSI report.
· Interpretation 2: “occasion” applies to all the CMRs or IMRs configured in the CSI resource setting associated with the CSI report.
If Interpretation 1 is the right understanding, then Alt 1 should be the legacy behaviour. Otherwise, Alt 3 is the legacy behaviour.
Observation 2: Currently, if not all the CMRs associated with the CSI report are received no later than the CSI reference resource, the UE behaviour on the CSI reporting is not clear.
As for the CSI report with multiple sub-configurations, Alt 3 is our preference. If a UE fails to receive all the CMRs no later than the CSI reference resource, only CSIs of several sub-reports can be obtained. Even UE reports the corresponding CSIs, the gNB may ignore it with incomplete CSI information. Hence, the UE should drop the entire CSI report unless all the CMRs associated with the CSI report are received.
Proposal 9: If not all the CMRs configured in the CSI resource setting associated with the CSI report are received no later than the reference resource, the UE should drop the entire CSI reports.
Remaining issues on CSI omission
In RAN1#114 meeting [7], a sub-configuration level omission has been agreed for all band types (i.e., wideband, even subband, odd subband) of Part 2 CSI as below:
	Agreement
Down-select from the below for priority rule determination for CSI reporting of multiple sub-configurations
· Option 1: The priority of the CSI report containing CSIs for multiple sub-configurations, is determined according to the clause 5.2.5 of TS 38.214.
· 1-b) A sub-configuration level priority is determined by the order of sub-configuration index. For Part 2 CSI corresponding to each sub-configuration, omission is at subConfig level. Follow legacy dropping rules for a CSI report containing multiple CSIs.
· CSI mapping rule across sub-configurations follow legacy specification principle
· Sub-configuration index with lower value has higher priority
· Sub-configuration index is configured in CSI report config
Agreement
For CSIs across multiple sub-configurations in one CSI reportConfig map different sub-configurations based on RAN1#114 agreement in 9.7.1
· For Part 2 priority reporting level
· Option 1: for a given band type from {wideband, even subband, odd subband}, the omission order follows the priority order determined by sub-configuration index 


However, based on current mechanism, Part 2 wideband CSI for all the CSI reports correspond to one priority (priority 0). When omitting Part 2 CSI information for a particular priority level, the UE shall omit all of the corresponding information. On the other hand, report level omission is not supported for Part 2 wideband CSI. Unfortunately, if sub-configuration level omission is introduced, it is not clear which CSI report should be dropped first. For the sake of progress, we prefer to follow the legacy principle for Part 2 wideband CSI. That is to say, UE should omit all the CSI report’s information at priority 0.
Proposal 10: Revise the previous agreement that sub-Config level omission is not support for Part 2 wideband CSI.
Remaining issues on resource for interference measurement
Currently, if interference measurement is performed on CSI-IM, each CMR is resource-wise associated with one CSI-IM. For a CMR corresponding to type 2 SD adaptation, current mechanism can be reused as each CMR is only associated with one SD pattern. However, for type 1 SD adaptation, one CMR is associated with multiple patterns. Fortunately, CSI-IM is intended for inter-cell interference. The interference for one CMR is constant across different SD patterns. Current resource-wise association is still valid for type 1 SD adaption.
Proposal 11: Reuse current mechanism for the resource-wise association between CSI-IM and CMR.
Another issue that needs to be discussed is if NZP CSI-RS based interference measurement should be introduced for NES. Currently, if interference measurement is performed on NZP CSI-RS, only one resource can be configured for channel measurement. Hence only type 1 SD adaptation is possible for that case. However, NZP CSI-RS for interference measurement is typical for MU interference. It is unclear why a gNB serving multiple UEs intends to shut down antenna ports.
Proposal 12: NZP CSI-RS for interference measurement is not supported for Rel-18 NES.            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
Conclusions
In this contribution, we provide the potential scenario and candidate solutions for network energy saving. The following proposals are made based on our analysis:
Observation 1: At most one CSI-RS resource containing 32 CSI-RS ports is feasible for channel measurement with one CSI-Reportconfig.
Observation 2: Currently, if not all the CMRs associated with the CSI report are received no later than the CSI reference resource, the UE behaviour on the CSI reporting is not clear.
Proposal 1: Reuse current restriction on the number of CSI-RS resources/ports in TS 38.214 for a CSI report containing L sub-configurations.
Proposal 2: For type 1 SD adaptation, support non-PMI-PortIndication to be configured per sub-configuration.
Proposal 3: For type 1 SD adaptation, if non-PMI-PortIndication is not configured in sub-configuration s, the UE assumes re-indexed CSI-RS port indices {0,…,} are associated with ranks =1,2,…,Ps.
Proposal 4: The list of NZP CSI-RS resources is identical to or has no intersection with a list of NZP CSI-RS resources configured for any other sub-configuration(s) within the CSI-ReportConfig.
Proposal 5: There is no necessity to introduce additional description on the value of power offset.
Proposal 6: For joint SD and PD adaptation, the CSI-RS ports within one CSI-RS resource are counted by:
·  for joint type 1 SD and PD adaptation;
·  for joint type 2 SD and PD adaptation;
Proposal 7: For the CSI-RS resources/ports counting, X equals to:
· N for AP CSI-RS resources;
· L for P/SP CSI-RS resources;
Proposal 8: The UE capability on simultaneous ports/CSI-RS resources should be discussed separately with CSI-RS resources/ports counting.
Proposal 9: If not all the CMRs configured in the CSI resource setting associated with the CSI report are received no later than the reference resource, the UE should drop the entire CSI reports.
Proposal 10: Revise the previous agreement that sub-Config level omission is not support for Part 2 wideband CSI.
Proposal 11: Reuse current mechanism for the resource-wise association between CSI-IM and CMR.
Proposal 12: NZP CSI-RS for interference measurement is not supported for Rel-18 NES.    
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