Page 1
3GPP TSG RAN WG1 Meeting #112bis-e	R1-2302809
e-Meeting, April 17th – 26th, 2023

Source:	Intel Corporation
Title:	Discussion on NWES techniques in spatial and power domain
Agenda item:	9.7.1
[bookmark: DocumentFor]Document for:	Discussion
[bookmark: _Ref506539118]Introduction
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
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 and hypothetical different power offset values between CSI-RS and PDSCH. 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 specific power offset value between CSI-RS and PDSCH. 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 subset of CSI-RS ports for CSI feedback 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 1:
· 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 and with a different power offset between CSI-RS and PDSCH.
· 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.

Details of multi-CSI feedback report for hypothetical CSI-RS resource set
While having the UE provide multiple CSI feedback for various CSI-RS resource sets may help the network to determine optimal antenna and transmission power configurations that balance performance and network energy consumption, this operation does incur a significant complexity burden at the UE side. This is precisely why there is separate UE capability associated with maximum number of concurrent CSI processing in a CC. The computation complexity to derive optimal rank, precoding matrix, and CQI is not a simple calculation.
Therefore, we think it will be important to consider methods in which complexity for computing multiple CSI feedback for NES enhancement can be reduced. Because the precoding matrix that is provided as part of the CSI feedback is essentially coefficients that coherently combine signals at the receiver to maximize reception power, we believe it is possible to leverage similar (if not the same) precoding matrix structure and coefficients for various subset of CSI-RS port cases.
The details of how precoding matrix from one CSI feedback can be leveraged for another CSI feedback that correspond to a different subset of CSI-RS port require further study and analysis.
 Proposal 2:
· To reduce UE computational complexity burden, consider multi-CSI feedback enhancements that can leverage precoding matrix for one of the CSI feedback for another CSI feedback that correspond to a different subset of CSI-RS ports. 

Handling of UE Capability for multi-CSI feedback report
The WID has a note regarding handling of legacy UE capabilities related to CSI and CSI-RS. It notes:
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements
From our understanding the note was captured to consider the legacy UE capability when considering new features related to additional CSI feedback processing. There are two main legacy UE capabilities that are relevant for discussion regarding spatial and power domain enhancements for network energy saving. The two capabilities are:
· CSI capability 2-35
· Component 1) Maximum number of periodic CSI report settings per BWP for CSI report, value between {1 ~ 4}.
· Component 2) Maximum number of periodic CSI report settings per BWP for beam report, value between {1 ~ 4}.
· Component 3/4) component (1)/(2) for aperiodic CSI, value between { 1 ~ 4 }.
· Component 5) maximum number configured aperiodic CSI triggering states, value among {3,7,15,31,63,128}.
· Component 6/7) component (1)/(2) for semi-persistent CSI, value between { 1 ~ 4 }.
· Component 8) UE can process Y CSI reports simultaneously in a CC. , value between { 1 ~ 8 }.
· Component 9) UE can process X CSI reports simultaneously across all CCs, value between { 5 ~ 32 }.
· CSI capability 2-43
· Component 1) supports combination of (Max # Tx port in 1 resource, Max # of resource, Total # of Tx port) (maximum of 16 combinations)
· Max # of Tx port in 1 resource {4,8,12,16,24,32}
· Max # of resource {1 ~ 64}
· Total # of ports {2 ~ 256} (includes both channel and NZP-CSI-RS based interference measurement)
· Component 2) number of selected port, value among {2,3,4}
· Component 3) support amplitude scaling type, value between {1 ~  8}

Issue 1) Max concurrent CSI report processing
If RAN1 is considering enhancements to CSI feedback by supporting additional CSI feedback in a report, the group will need to discuss on how to handle the capability. In case that the UE needs to perform CSI feedback for multiple CSI-RS resource hypothesis, the note of the WID states that the legacy UE capabilities should apply. Meaning if the UE reports 1 concurrent CSI processing in a CC, then that UE should not be able to also support the multi-CSI feedback enhancement for network energy saving. This might be technically ok.
However, the problem arises when UE reports 2 or more concurrent CSI processing in a CC intending to support the new enhanced CSI feedback. If legacy UE capability is used to report 2 or more concurrent CSI processing, this implies the 2 or more concurrent CSI processing could also apply to legacy CSI feedback operations, when in fact the additional CSI processing capability was indicated to provide support of only the new enhanced CSI feedback for network energy savings. This results in ambiguity in which whether the additional concurrent CSI processing in a CC capability can be dedicated for the newly enhanced multi-CSI feedback for network energy saving or whether it must apply to all CSI reporting features.
The issue become more complex since the UE complexity associated with processing the multi-CSI feedback in a CSI report for multiple CSI-RS hypothesis may not be equivalent to multiple CSI report process for different and distinct CSI-RS resource sets.
Observation 1:
· The UE complexity for handling multi-CSI feedback in a CSI report for multiple CSI-RS resource set hypothesis may not be equivalent to multiple legacy CSI report for multiple legacy CSI-RS resource sets.
Proposal 3:
· Discuss further whether legacy UE CSI capability related to total number of CSI reports and requirements can be utilized to only indicate to network energy saving enhancement of multi-CSI feedback for multiple CSI-RS resource set hypothesis (if agreed to be introduced) but not for general legacy UE CSI capabilities when UE is indicating more than 1 concurrent CSI report processing in a CC.

Issue 2) Handling of max number of CSI-RS configuration setting.
For the multi-CSI feedback enhancement, one method to reduce configuration signaling and associated complexity for supporting multiple CSI-RS resources is to ask UE to compute CSI feedback based on a single CSI-RS resource set but with multiple CSI-RS resource hypothesis. This would enable supporting multiple CSI feedback using a single CSI-RS resource set, and reduces the scheduling complexity burden at the gNB for handling multiple CSI-RS resources.
In this case, a single CSI report setting could correspond to multiple CSI-RS feedback within a CSI report. If so, its not clear whether such CSI report configuration (with multiple CSI feedback) should correspond to 1 CSI report setting or multiple CSI report settings.
From our understanding, the parsing and deciphering of the CSI report that corresponds to multiple CSI feedback are bundled together and cannot be independently separated, especially if multiple CSI-RS resource hypothesis are derived from a single CSI-RS resource set.
Observation 2:
· CSI report setting for multiple CSI feedback corresponding to multiple CSI-RS resource set hypothesis cannot be separated into independent CSI report settings as the multiple CSI feedback may be coupled with each other.
Proposal 4:
· From UE capability perspective, treat a CSI report setting for multiple CSI feedback corresponding to multiple CSI-RS resource set hypothesis as one CSI report setting per BWP.


Issue 3) Handling of supported combination of port/resource for type 2 port selection codebook
In case of type 2 port selection codebook, the UE may indicate supported combination of the number of ports in one CSI resource, maximum number of resources, and total number of CSI-RS ports. From the legacy capability, the UE is expected to support up to the maximum number of CSI-RS ports. If the Rel-18 UE supporting NES features may need to provide CSI feedback for hypothetical subset of the CSI-RS ports that may be smaller than maximum number of CSI-RS ports supported for type 2 port selection, it may be reasonable to assume the UE may be able to support type 2 port selection codebook for such subset of CSI-RS ports.
Observation 3:
· For type 2 port selection codebook, legacy capability for maximum number of port can be applied to infer support for any hypothetical CSI-RS port subset configuration that is strictly smaller than the maximum number of ports for NES enhanced multi-CSI feedback.

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:
· 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 and with a different power offset between CSI-RS and PDSCH.
· 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.
Proposal 2:
· To reduce UE computational complexity burden, consider multi-CSI feedback enhancements that can leverage precoding matrix for one of the CSI feedback for another CSI feedback that correspond to a different subset of CSI-RS ports. 
Observation 1:
· The UE complexity for handling multi-CSI feedback in a CSI report for multiple CSI-RS resource set hypothesis may not be equivalent to multiple legacy CSI report for multiple legacy CSI-RS resource sets.
Proposal 3:
· Discuss further whether legacy UE CSI capability related to total number of CSI reports and requirements can be utilized to only indicate to network energy saving enhancement of multi-CSI feedback for multiple CSI-RS resource set hypothesis (if agreed to be introduced) but not for general legacy UE CSI capabilities when UE is indicating more than 1 concurrent CSI report processing in a CC.
Observation 2:
· CSI report setting for multiple CSI feedback corresponding to multiple CSI-RS resource set hypothesis cannot be separated into independent CSI report settings as the multiple CSI feedback may be coupled with each other.
Proposal 4:
· From UE capability perspective, treat a CSI report setting for multiple CSI feedback corresponding to multiple CSI-RS resource set hypothesis as one CSI report setting per BWP.
Observation 3:
· For type 2 port selection codebook, legacy capability for maximum number of port can be applied to infer support for any hypothetical CSI-RS port subset configuration that is strictly smaller than the maximum number of ports for NES enhanced multi-CSI feedback.
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