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Work item for network energy saving has been approved in [1]. The WI contains multiple objectives that span from RAN1 to RAN4. One of the main objectives for RAN1 is to standardize enhancements related to supporting spatial and power domain adaptation that conserve network energy. In this document, we discuss the potential network energy saving features and techniques in the spatial and power domain.

Discussion
Network energy saving feature
The work scope of the network energy saving feature in spatial and power domain is define by the objective 3 of the WID [1]. Objective 3 of the WI is given as follows.
	3.	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



The current NR specification does support the ability for the gNB to change the CSI-RS configurations, such as antenna ports, and CSI reporting that correspond to CSI-RS. Additionally, gNB in theory can potentially leverage fast adaptation of CSI-RS and CSI reporting in the current specification. This is possible if the UE is configured with multiple BWPs, each with a certain CSI-RS configuration and CSI reporting configuration, and gNB initiates fast L1 signaling based BWP switching.
The main issue for this is that BWP switching with multiple BWP configuration is optional feature for NR. Furthermore, the technical motivation and dependent functions associated with multiple BWP support and BWP switching among multiple BWPs is vastly different than a simple CSI-RS and CSI reporting configuration change. Changing BWP requires additional processing for both transmit and receive side compared to a single BWP case. Additionally, it may require complex measurement functionality and complex time and frequency synchronization techniques to be supported by the device, especially if SSB fall outside the BWP.
Therefore, while somewhat fast and efficient CSI-RS and CSI report configuration adaptation may be possible with the use of BWP switching framework, coupling the Rel-18 network energy saving feature with BWP switching could lead to requiring the UE to support massively more complex feature to support a simple enhancement. This would be analogous to trying to cut paper with a chainsaw. Yes, use of the BWP framework and requiring all UEs to support multiple BWPs may allow to support fast CSI-RS and CSI report, configuration switching, but this would be a massive burden and unnecessary requirement for all UEs to fullfill.
Based on this we propose that Rel-18 network energy saving feature to enhance CSI, beam management, and CSI related procedures to not have any coupling to BWP switching with multiple BWPs. The Rel-18 network energy saving feature should be an independent feature.
Proposal 1:
· Rel-18 network energy saving feature to enhance CSI, beam management, and CSI related procedures should be an independent feature from BWP adaptation feature with multiple BWPs, namely feature 6-2, 6-3, and 6-4. 

Specific enhancements for spatial and power domain feature
For enhancements on CSI, beam management and CSI reporting, we believe there are three general categories for enhancements, (i) reduced configuration latency, (ii) system overhead reduction, and (iii) improvement in UE feedback/assistance information.
For reducing reconfiguration latency for CSI-RS used for CSI and beam management, the current specification relies on RRC signaling, which may take up to 10 msec for RRC reconfiguration delay and in some rare instances with RRC segments, even more than 16 msec. From the study in TR38.864 some base stations may be able to leverage light sleep with transition time in the order of 6 msec. Therefore, relying on configuration adaptation mechanics that have latency in the order of 10+ msec for power saving modes that have latency in the order of 6 msec, does not pair up well. 
Introduction of quick configuration of CSI-RS and possible CSI report based on L1 (e.g. DCI) or L2 (e.g. MAC CE) signaling will be a preferred enhancement. Since the configuration payload of the L1 or L2 signaling can be more limiting compared to RRC, further considerations on how to compactly provide the reconfiguration signaling for CSI-RS and CSI report is critical as well.
In addition to supporting lower latency reconfiguration methods, we also need to consider mechanisms to reduce overall system overhead from trying to reconfigure all UEs in the cell. When gNB determines a specific set of antenna elements and transmission power for operation, this selection of antenna and power will likely impact all UEs that are actively communicating with the gNB. Therefore, it is highly likely that when gNB needs to reconfigure CSI-RS and CSI report for one of the UE, it also needs to reconfigure a mass of other UEs as well. The current CSI-RS and CSI configuration are based on dedicated RRC, and therefore, gNB must send RRC reconfiguration message to each UE, even if all the UEs might share similar (if not exactly the same) CSI-RS and CSI report configuration. This can lead to excessive system overhead and potential hurt gNB to conserve power simply due to fact that gNB needs to stay active on all antenna array until all UEs are reconfigured.
Introduction of signaling to reconfigure a group of UE seems critical for reducing overall system overhead. This implies among L1 (e.g. DCI) and L2 (MAC CE) based signaling mechanics, L1 based signaling may be a more suitable candidate, as MAC CE can be only transmitted in unicast manner for a specific UE.
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[bookmark: _Ref127303965]Figure 1. Illustration of use of L1 signaling to reduce reconfiguration latency for CSI-RS and CSI report for a group of UEs
Based on the discussion, it is possible to jointly consider the enhancements for (i) reduced configuration latency and (ii) system overhead reduction. Figure 1 show an illustration of how L1 signaling can be used to reduce the reconfiguration signal and also address multiple UEs together.
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[bookmark: _Ref127305622]Figure 2. Illustration of hypothetical CSI-RS for UE feedback

For improvement in UE feedback/assistance information, the main issue is how the gNB will gather information from the network such that it can make optimal selection for number of activated antenna elements, and transmission power for CSI-RS and PDSCH. While in some TDD deployments channel state information can be obtained from channel reciprocity, it can be rather difficult to get accurate link quality such as CQI and rank, without knowing the receiver characteristics of the UE. UE that is able to leverage ML receivers versus UE that is able to leverage MMSE will have difference in link quality, even though they may have the same channel state. Channel estimation and receiver processing performance strongly influences the link quality which will be typically difficult for gNB to obtain. In FDD deployments, even obtaining channel state information is difficult without any feedback from the UE.
While the current specification supports configuration of multiple CSI reports, and multiple CSI-RS configurations, if the gNB needs to obtain CSI feedback for various hypothetical antenna configuration, it needs to configure separate CSI-RS for each hypothesis for each UE. Managing such excessive CSI-RS resource sets for large number of UEs can be complex, let alone the overhead from supporting transmission of numerous CSI-RS resource sets. Because of this, we believe RAN1 should consider study and investigation of CSI report enhancements that is able to provide CSI feedback for a hypothetical CSI-RS resource subset of the actual CSI-RS configuration. Figure 2 shows an illustration of consideration of hypothetical CSI-RS for CSI measurement and feedback. Basically, UE can potentially provide CSI feedback assuming that certain CSI-RS are disabled. With this framework, it may be possible for the UE to provide multiple CSI reports based on a single CSI-RS resource set configuration.
Similar to providing information on hypothetical subset of CSI-RS ports for CSI feedback, it will be possible to also provide a different set of values for PDSCH RE to CSI-RS RE power offset. The hypothetical CSI-RS port subset and power offset value should provide the gNB full flexibility to request any assistance information from the UE for determination of optimal antenna port and transmit power settings.
Based on the discussions above, we propose the following framework that should be considered baseline for further discussions.
 Proposal 2:
· Consider supporting L1 based signaling, such as DCI based signaling, that enables re-configuration of CSI-RS resources and CSI report for a group of UEs.
· Details of the signaling content and exact mechanism is FFS.
· Consider supporting CSI feedback report(s) based on a hypothetical CSI-RS resource set, which may be a subset of the configured CSI-RS resource set.
· Details of how to derive the CSI feedback report based on the hypothetical CSI-RS resource set, and feedback mechanism including how to multiplex multiple CSI reports is FFS.
Conclusions
In this contribution, we discussed network energy saving techniques in spatial and power domain. The following is a summary of the observations and proposals:
Proposal 1:
· Rel-18 network energy saving feature to enhance CSI, beam management, and CSI related procedures should be an independent feature from BWP adaptation feature with multiple BWPs, namely feature 6-2, 6-3, and 6-4. 
Proposal 2:
· Consider supporting L1 based signaling, such as DCI based signaling, that enables re-configuration of CSI-RS resources and CSI report for a group of UEs.
· Details of the signaling content and exact mechanism is FFS.
· Consider supporting CSI feedback report(s) based on a hypothetical CSI-RS resource set, which may be a subset of the configured CSI-RS resource set.
· Details of how to derive the CSI feedback report based on the hypothetical CSI-RS resource set, and feedback mechanism including how to multiplex multiple CSI reports is FFS.
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