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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The work item on Network energy savings was completed in RAN1 in RAN1#114 [1]. During the concluding discussions in RAN1, some issues that justified further discussions in the maintenance phase have been identified. A summary of these remaining issues can be found in Section 8 of [2]. In this contribution, we provide our views and further considerations on these remaining issues. 

Discussions
Adaptation of CSI-RS power
In [2], the following were identified for potential discussion and company positions in the previous meeting is copied below.
· FFS: whether/how to additionally consider the case where CSI-RS power is changed

It was discussed whether to include the PowerControlOffsetSS in a subConfig. When the number of TxRUs changes in either Type 1 or Type 2 spatial adaptation, it could also impact the transmit power of the PDSCH including reference signals such as SSB and CRI-RS. According to current specifications, the SSB reference power, ss-PBCH-BlockPower is signaled in SIB1. The powerControlOffsetSS that is the power offset between (NZP)CSI-RS and SSB, and the powerControlOffset that is the power offset between PDSCH and (NZP) CSI-RS, are semi-statically configured via RRC. So, technically the power offset is inherently signaled.
However, reducing spatial element effectively reduces RF power for SSB and CSI-RS and correspondingly the beam management, RRM, RLM and cell coverage. It may cause beam failure and it may trigger cell reselection etc. Hence it would be desirable if SSB power is not affected, or at least to reduce the effect to the minimum. One way to achieve this is to boost SSB signal power with the active TxRUs if the number of TxRUs is reduced, for example.
[bookmark: _Toc142654027]One of the main motivations of dynamic power adaptation of CSI-RS is that if spatial adaptation is not allowed to impact at least some of the CSI-RSs, then less network energy savings would be achieved. However, it should be noted that it is the PDSCH Tx power adaptation, rather than that of CSI-RS, that brings most of the energy savings for the gNB.
Proposal 1: It should be left to network implementations (e.g., by power boosting) to ensure that the coverage of SSB and/or the CSI-RS are not negatively impacted due to spatial patterns adaptation. 

CSI-RS Reference for IM 
The NZP CSI-RS resource(s) for channel measurement (CM) and for interference measurement (IM) CSI-IM is resource wise associated and QCLed in current specifications. For Type 2 SD where part/subset of antenna elements associated to a logical antenna port is disabled/enabled and where each separate resource is associated with only one spatial adaptation pattern or sub-configuration, there is one-to-one mapping between the resource and the sub-configuration.

Observation 1:  The NZP CSI-RS resources in resource set for channel measurement for interference measurement are resource-wise associated with NZP CSI-RS resources in resource set for interference measurement for Type 2 SD. 

However, for Type 1 SD where all antenna elements associated to a logical antenna port are disabled/enabled and the resources configured in a resource set can be associated with more than one spatial adaptation patterns, a resource can be associated with more than one sub-configuration, up to L sub-configurations. In such cases, the QCL relationship of the NZP CSI-RS resource(s) for channel measurement (CM) and for interference measurement (IM) pertaining to a sub-configuration would need to be clarified. 
To ensure a one-to-one mapping, then the number of resources within the resource set for interference measurement is equal to the total number of the resources for channel measurement for each of the L sub-configuration for the CSI-ReportConfig. From the UE perspective, the CSI-IM resource for interference measurement is obtained according to a ‘resource-wise’ association between the CSI-RS resource and CSI-IM resource in the corresponding resource sets.
Proposal 2: The QCL relationship is based on a ‘resource-wise’ association between the CSI-RS resource and CSI-IM resource in the corresponding resource sets for a sub-configuration. 

Counting of active CSI-RS resource/antenna ports
Current specifications related to active CSI-RS resource/antenna ports can be found in clause 5.2.1.4.2 of TS 38.214. To incorporate NES where there are multiple sub-configurations of one (or more) CSI report configuration, the existing counting of active CSI-RS resource/ports counting have been discussed extensively in RAN1#114 and in certain instances, can be restricting to a point of limiting the usefulness of ability of spatially adapt for the purpose of NES. 
In this context, the issues are on the active resource and antenna ports counting, and the legacy restriction on the max # of resources/antenna ports within a resource set. With reference to the counting of active resource/ports, two possible options would be: 
· Active CSI-RS resource is counted per subConfig that is to be used for reporting a corresponding CSI, or
· Active antenna ports counting is based on indicated port subset.
With reference to legacy restriction on the max # of resources/antenna ports within a resource set, there has been proposal to ‘redefine’ that restriction as a restriction on a subConfig level.
In RAN1#114, we have the following 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
· 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

The above agreement counts the number of CSI-RS resources once per CSI report configuration instead of counting the CSI-RS resources, at least those that are different, across all sub-configurations. That means that the above agreement implicitly assumes that all sub-configurations refer to the same CSI-RS resource(s). In the case when each sub-configuration contains different CSI-RS resource(s), then the above agreement is under-counting the number of CSI-RS resource(s).
Observation 2: The agreement in RAN1#114 where ‘the CSI-RS resource is counted M times’ could potentially under-count the total number of CSI-RS resource(s) e.g., when each sub-configuration contains different CSI-RS resource(s).
In our view, if the above agreement is rectified to correctly count the number of CSI-RS resources, as the total number of CSI-RS resource(s) associated with a sub-configuration increase (greater than 1 is likely), it is likely that it would easily exceed the existing UE capability on maximum number of simultaneous CSI-RS resources. An example that was used during discussions in RAN1#114 is the maxNumberSimultaneousNZP-CSI-RS-PerCC = 4, and the simultaneous ports over the simultaneous CSI-RS resources per CC, totalNumberPortsSimultaneousNZP-CSI-RS-PerCC, of 32. 
Observation 3: To ensure effectiveness of the spatial adaptation feature of NES, an increase of the minimum UE capability for NES should be considered.

[bookmark: _Ref129681832]Conclusion
The contribution examined techniques to enable efficient adaptation of spatial elements in spatial domain and power adaptation in power domain in network energy savings, made the following observations and proposals to CSI-RS enhancement to support these techniques.
Observation 1:  The NZP CSI-RS resources in resource set for channel measurement for interference measurement are resource-wise associated with NZP CSI-RS resources in resource set for interference measurement for Type 2 SD. 
Observation 2: The agreement in RAN1#114 where ‘the CSI-RS resource is counted M times’ could potentially under-count the total number of CSI-RS resource(s) e.g., when each sub-configuration contains different CSI-RS resource(s).
Observation 3: To ensure effectiveness of the spatial adaptation feature of NES, an increase of the minimum UE capability for NES should be considered.
Proposal 1: It should be left to network implementations (e.g., by power boosting) to ensure that the coverage of SSB and/or the CSI-RS are not negatively impacted due to spatial patterns adaptation. 
Proposal 2: The QCL relationship is based on a ‘resource-wise’ association between the CSI-RS resource and CSI-IM resource in the corresponding resource sets for a sub-configuration. 
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