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Introduction
Based on the WI description in RP-223540, the following objective has been agreed on NW energy saving techniques in spatial and power domains:
	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
· [bookmark: _Hlk126497374]Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements


[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]RAN1#112 was the first meeting where the above Rel-18 objectives were discussed.
In this contribution, we continue the discussions on various aspects from the above objective for each of the spatial domain technique and power domain technique, considering the discussions and agreements made in RAN1#112 and RAN1#112bis-e for which the related FL summaries can be found in R1-2301964 & R1-2301965 & R1-2301966 and R1-2304270, respectively. In our companion contribution, we discuss the enhancements on cell DTX/DRX mechanism [1].
Techniques in Spatial domain
When considering antenna-based adaptation, based on gNB implementation, there could be different ways of mapping between (logical) antenna ports and TxRUs (transceiver units), where a TxRU is associated with an antenna ‘subarray’ that consists of a set of physical antenna elements. In that regard, in RAN1#112 the following two adaptation Types, from an antenna port perspective, were agreed to be considered in the discussions (see corresponding illustration in Figure 1):

	Agreement
For the purpose of further discussions in RAN1 on NES spatial domain adaptations, consider the following cases
· Type 1: all antenna elements associated to a logical antenna port is disabled/enabled
· Type 2: part/subset of antenna elements associated to a logical antenna port is disabled/enabled




[image: ]
Figure 1: Example illustrating spatial adaptation from an antenna port perspective.
In RAN1#112bis-e, the following was agreed on defining necessary enhancements to support both types of spatial adaptation.

	Agreement
Define necessary enhancements to support both types of spatial adaptation cases (as defined in RAN1#112) in Rel-18.
· Note: This does not imply explicit definition in specifications for adaptation types.
· Note: This does not imply explicit specification changes are made for both cases



The above agreement would need to be considered when discussing the various open aspects on spatial adaptation. 

Enhancements on CSI measurement and reporting to enable spatial adaption
CSI resource and report configurations 
In RAN1#112bis-e, the following agreements and working assumption were reached on CSI resource and report configurations:
	Agreement: Support configurability of NZP CSI-RS resource(s) for channel measurement within one resource setting corresponding to more than one spatial adaptation patterns with at least one of the following:
· A1-1-revised: a resource set with multiple resources is configured within a resource setting, where each resource is associated with only one spatial adaptation pattern
· A1-2-revised: For a resource configured in a resource set within a resource setting, the resource can be associated with more than one spatial adaptation patterns
· One or more resources can be configured in the resource set for channel measurement.
Working Assumption: Al-1-revised and A1-2-revised are supported
· FFS: Which Type of SD adaptation A1-1-revised and A1-2-revised are applicable for

Agreement: At least support A2-2, i.e. one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern.
· FFS: impact on CSI processing requirement



Regarding CSI resource configuration, A1-1-revised could be seen as a sub-set configuration of A1-2-revised with configuration restriction of each resource being associated with only one spatial adaptation pattern. And for the configuration of A1-2-revised, current agreement also allows more than one CSI-RS resource to be configured within one resource set for channel measurement, where this may also enable the application of Type 2 SD adaptation. Based on the current agreement on A1-1-revised and A1-2-revised, both Type 1 and Type 2 SD adaptation could be applicable with A1-1-revised or A1-2-revised. However, for the main cases of A1-1-revised (i.e., with different CSI-RS resources corresponds to different spatial patterns) and A1-2-revised (i.e., with one CSI-RS resource is associated with multiple spatial patterns), A1-1-revised is more suitable for Type 2 SD adaptation whereas A1-2 is more suitable for Type 1 SD adaptation.

[bookmark: _Hlk134742605]Observation 1: Based on the current agreement on A1-1-revised and A1-2-revised, both Type 1 and Type 2 SD adaptation can be applicable with A1-1-revised or A1-2-revised. However, in general A1-1-revised is more suitable for Type 2 SD adaptation whereas A1-2-revised is more suitable for Type 1 SD adaptation.

Proposal 1: Confirm the working assumption on supporting both A1-1-revised and A1-2-revised. In addition:
· Support A1-2-revised primarily for Type 1 SD adaptation
· Support A1-1-revised primarily for Type 2 SD adaptation.

Regarding CSI report configuration, it has been agreed that at least A2-2 is supported, where one CSI report configuration may contain multiple CSI report sub-configurations, and each sub-configuration corresponds to one spatial adaptation pattern. In the following, we discuss related open points for Type 1 and Type 2 SD adaptation.

Sub-configuration elements for Type 1 spatial adaptation
In RAN1#112bis-e, the following was agreed on what would constitute a sub-configuration (representing a spatial adaptation pattern), where the agreed details are more for Type 1 spatial adaptation:

	[bookmark: _Hlk134282360]Agreement: For CSI report configuration, if L>1 in a CSI report configuration, at least the following can be included for each sub-configuration for Type 1 SD adaptation
· [bookmark: _Hlk134290474]N1, N2 for single-panel and N1, N2, Ng for multi-panel
· FFS: details on explicit indication or implicit derivation
· Port subset indication when A1-2 is used (if A1-2 is supported)
· [bookmark: _Hlk134290030]FFS: details on explicit indication or implicit derivation
· FFS: rank restriction
· FFS: codebook subset restriction
· FFS: supported codebook types for PMI, e.g., Type-I or Type-II
· FFS: report quantity
· [bookmark: _Hlk134288171]FFS: reportFreqConfiguration
· FFS: Group identity of NZP CSI-RS resource(s) in a resource set for channel measurement when A1-1 is used
For CSI report configuration for type 2 SD adaptation, further study under which cases sub-configurations may or may not be needed including sub-configuration content



In the following, we discuss the open points and aspects in the above agreement.
On the FFS point for N1, N2, Ng, “details on explicit indication or implicit derivation”:
In our view, explicit indication is a clean way to configure those parameters for the different sub-configurations, where as also agreed in RAN1#112bis-e only legacy port configuration values of N1, N2, and Ng are supported. Currently, it’s not fully clear to us what is meant by implicit derivation, meaning that how would the UE implicitly derive those parameters for different sub-configurations, and this would need to be further clarified by its proponents.
Proposal 2: For CSI report configuration for Type 1 spatial adaptation, assuming A1-2 is used (i.e., CSI-RS resource can be associated with more than one spatial adaptation patterns), for each sub-configuration, we propose to utilize:
· Explicit indication for N1, N2 for single-panel and N1, N2, Ng for multi-panel.

On the FFS point on port subset indication when A1-2 is used, “details on explicit indication or implicit derivation”:
Similar observation as for N1, N2, Ng is valid here. Specifically, explicit indication is one way to associate different sub-configurations to different antenna port subset, i.e., explicitly indicating antenna port subset per sub-configuration.
As another alternative, ZP-CSI-RS framework could be leveraged to indicate the port subset for each sub-configuration/ spatial pattern. For instance, each sub-configuration could be associated to ZP-CSI-RS resource(s) which would then basically indicate which antenna ports are muted considering a set of antenna ports, i.e., ZP-CSI-RS resource is used to provide indication regarding antenna port subset for a sub-configuration. Obviously, if the ZP-CSI-RS implication is considered as in legacy, this approach would allow to only indicate muting of all ports multiplexed on same RE(s) (resource element(s)). An example of the approach relying on ZP-CSI-RS to provide the port subset indication is illustrated in the figure below.
[image: ]
[bookmark: _Ref112144248]Figure 2: Example of muted port indication via ZP-CSI-RS framework for the case of 8 ports.

Proposal 3: For CSI report configuration for Type 1 spatial adaptation, assuming A1-2 is used (i.e., CSI-RS resource can be associated with more than one spatial adaptation pattern), for antenna port indication of each sub-configuration, consider at least one of the following alternatives:
· Alt.1: Explicit indication of antenna port subset
· Alt.2: Leverage ZP-CSI-RS framework and configuration to provide antenna port subset indication

On the FFS point on codebook subset restriction and rank restriction:
To enable full flexibility, we think that codebook subset restriction and rank restriction should be allowed to be part of a sub-configuration, i.e., different codebook subset restrictions and different rank restrictions for different sub-configurations. This is because, for Type 1 adaptation, suitable restrictions on the codebook and rank would be needed depending on the antenna port subset associated with the corresponding spatial adaptation pattern. 
Proposal 4: For CSI report configuration for Type 1 spatial adaptation, support configuring different codebook subset restrictions and different rank restrictions for different sub-configurations.
On the FFS point on codebook type:
If PMI reporting is configured, we don’t see any strong reason why codebook type should be different for different sub-configurations. In addition, having a mix of Type I and Type II would bring complications to the overall design, such as regarding CSI content and size. We thus prefer to have the codebook type as common for all sub-configurations in a CSI report configuration.
Proposal 5: For CSI report configuration for Type 1 spatial adaptation, we prefer to have codebook type as common/same for all sub-configurations.
On the FFS point on report quantity:
Similar to the codebook type, we don’t see any strong reason why report quantity should be different for different sub-configurations. We thus believe that the report quantity should be common for all sub-configurations in a CSI report configuration.
Proposal 6: For CSI report configuration for Type 1 spatial adaptation, support report quantity to be common/same for all sub-configurations.
On the FFS point on report frequency configuration:
Based on legacy, the CSI reporting band for the CSI report is defined as a subset of sub-bands of the BWP. The UE shall only consider these sub-bands when determining the CSI. Considering the options discussed above, when the number of spatial elements (such as antenna ports or TxRUs) is reduced, the beam pattern from lower (resp., larger) number of spatial elements may be wider (resp., narrower) due to low (resp., high) spatial resolution. A wider beam may increase the number of multipaths, which then results in higher delay spread; a tighter beam may decrease the number of multipaths, which then results in lower delay spread. High delay spread is reflected as frequency selectivity in channel.
In other words, the channels with different spatial patterns may have different frequency selectivity characteristics. It would thus be important to discuss this observation when revisiting the CSI report configuration design from frequency domain configuration perspective, and specifically from sub-band configuration perspective.
Observation 2: When the number of spatial elements (such as antenna ports or TxRUs) is reduced, the beam pattern from lower (resp., larger) number of spatial elements may be wider (resp. narrower) due to low (resp., high) spatial resolution. A wider beam may increase the number of multipaths, which then results in higher delay spread; a tighter beam may decrease the number of multipaths which then results in lower delay spread. High delay spread is reflected as frequency selectivity in channel.
From another perspective, the size of CSI feedback information bits may be different according to the spatial pattern. When the spatial pattern is changed with Type 1 adaptation, the number of ports P and the CSI codebook parameters (N1, N2, O1, O2) may change. The size of PMI reporting is a function of these parameters, and when the UE reports PMI for different spatial patterns, the size of PMI reporting is different. Furthermore, the CSI reporting size depends on the corresponding sub-band configuration.
Given that different spatial patterns would potentially have different channel characteristics in terms of frequency selectivity (as explained above), different sub-band configurations for different spatial patterns are necessary. 
· [bookmark: _Hlk134291852][bookmark: _Hlk134287746]This would allow to reduce the CSI feedback overhead, as less sub-bands are considered for some sub-configurations. Consequently, less CSI bits would be required for CSI report quantities with sub-band granularity (such as sub-band PMI and sub-band CQI) considering all sub-configurations and their respective sub-band configurations. 
· On the other hand, if only one sub-band configuration is common/shared for all the spatial patterns/ sub-configurations, this configuration would need to be designed considering a sub-band granularity that accounts for the worst case, among the different spatial patterns, in terms of delay spread and thus frequency selectivity. This would then result in increased CSI feedback overhead, as more sub-bands are considered for some sub-configurations than required. Consequently, more CSI bits would be required for CSI report quantities with sub-band granularity considering all sub-configurations and the common sub-band configuration.

Observation 3: Adapting the sub-band configuration for different spatial patterns /sub-configurations would allow reducing the CSI feedback overhead, as less sub-bands are considered for some sub-configurations. Consequently, less CSI bits would be required for CSI report quantities with sub-band granularity (such as sub-band PMI and sub-band CQI) considering all sub-configurations and their respective sub-band configurations.
[bookmark: _Hlk134297947]Proposal 7: For CSI report configuration for Type 1 spatial adaptation, support configuring different sub-band configurations (or more generally reportFreqConfiguration) for different sub-configuration. 
· This doesn’t preclude two or more sub-configurations to have the same sub-band configuration.

On the (candidate) antenna port subsets:

One aspect to clarify regarding the antenna port subsets is whether any restriction would be needed on these subsets. Specifically, considering e.g., a 16-port CSI-RS resource and one sub-configuration associated with an 8-antenna-port subset from the 16 antenna ports, it should be clarified whether any restriction is needed on which 8 ports can be active/muted out of the 16 ports. Overall, one important aspect here would be to keep enough flexibility so that the muting could be done from both polarizations, in order to keep/exploit polarization diversity as much as possible.

Observation 4: When considering muting of ports from a set of CSI-RS antenna ports to obtain an antenna port subset corresponding to a sub-configuration/ spatial pattern, it would be important to keep enough flexibility so that the muting could be done from both polarizations, in order to keep/exploit polarization diversity.

Proposal 8: Discuss whether any restriction is needed regarding muting of ports from a set of CSI-RS antenna ports to obtain an antenna port subset corresponding to a sub-configuration/ spatial pattern.

On Type 2 spatial adaptation
In RAN1#112bis-e, how to represent a spatial pattern in case of Type 2 spatial adaptation was discussed but without reaching any concrete consensus. As can be seen in the agreement copied above, the following was noted:
· “For CSI report configuration for type 2 SD adaptation, further study under which cases sub-configurations may or may not be needed including sub-configuration content.”  
In our view, in this case the equivalent of a sub-configuration would essentially be a CSI-RS resource. Although it may not contain more than one parameter, we slightly prefer to still define a sub-configuration to be also consistent with Type 1 spatial adaptation.
Proposal 9: For Type 2 spatial adaptation, each sub-configuration includes or corresponds to a CSI-RS resource.

Restriction on number of ports 
In RAN1#112bis-e, the following agreement was made: 
	Agreement: 
For R18 NES, only legacy port configuration values (N1, N2) or (Ng, N1, N2) are supported.
· FFS: Whether/what restriction for A1-1-revised and A-1-2-revised w.r.t number of ports.



As can be seen from the agreement, an FFS point is on whether any restriction should be considered for A1-1-revised and A-1-2-revised with respect to the number of ports.
For A1-1-revised, which is more suitable for Type 2 spatial adaptation, the CSI-RS resources would need to have same antenna port subset but different number of antenna elements. Hence, at least for this baseline case, the CSI-RS resources would need to be associated with a same number of ports. 
On the other hand, for A1-2-revised, which is more suitable for Type 1 spatial adaptation, one CSI-RS resource would be associated with different antenna port subsets. And there is no restriction on configuring multiple CSI-RS resources in the same CSI report configuration for this case, where these multiple CSI-RS resources could be associated with different antenna port subsets/sets, and thus possibly to different number of antenna ports. One example of use case with different number of antenna ports would be to have: 
· 16-port CSI-RS resource(s) which corresponds to sub-configurations with 16, 8, and 4 ports. 
· 8 port CSI-RS resource(s) which corresponds to sub-configurations of 8 and 4 ports. 
When the gNB decides based on CSIs obtained from the 16-port CSI-RS transmission that operating with 8 ports is suitable, the 8-port CSI-RS resource would allow the gNB to obtain CSIs from an 8-port CSI-RS transmission without necessarily needing to switch back to 16 ports.

Observation 5: For A1-1-revised, which is more suitable for Type 2 spatial adaptation, the CSI-RS resources would need to have same antenna port subset but different number of antenna elements. Hence, at least for this baseline case, the CSI-RS resources would need to be associated with a same number of ports.

Observation 6: For A1-2-revised, which is more suitable for Type 1 spatial adaptation, one CSI-RS resource would be associated with different antenna port subsets. And there is no restriction on configuring multiple CSI-RS resources in the same CSI report configuration for this case, where these multiple CSI-RS resources could be associated with different antenna port subsets/sets, and thus possibly to different number of antenna ports.

Proposal 10: For at least the baseline case of A1-1-revised, support restricting the CSI-RS resources, in the CSI resource set corresponding to the CSI report configuration, to have the same number of antenna ports (as in legacy).
Proposal 11: For A1-2-revised, support that different CSI-RS resources, in the CSI-RS resource set corresponding to the CSI report configuration, could have different number of antenna ports.

CSI report content and overhead, and related UE burden
In RAN1#112bis-e, the following agreement was reached on a framework for UE to report N CSI(s) (out of total L sub-configurations) in one reporting instance:

	Agreement: For a CSI report config with L sub-configuration(s), support a framework that enables a UE to report N CSI(s) in one reporting instance where the N CSI(s) are associated with N sub-configuration(s) from L (where 1N L) and each CSI corresponds to one sub-configuration.
· For discussion purpose, N=1 refers to single-CSI while N>1 refers to multi-CSI.
· For Semi-persistent/Aperiodic CSI reporting, support gNB trigger/indicate/activate report of N≤L CSIs where N>=1
· The maximum value of N and L are subject to UE capability
· Further study how to address/minimize additional UE complexity
The following bullet not agreed due to objection from Apple and vivo
· For Periodic CSI reporting, at least the case of N=L is supported where N>=1



Considering this framework, in the following we discuss a few aspects which has been touched upon in the RAN#112bis-e discussions: CSI report content and overhead reduction, and UE burden/complexity.

CSI report content and overhead reduction
For CSI feedback overhead reduction, various aspects may be considered in the study. We divide those aspects into three main categories:
· UE selection of spatial pattern(s)
· Sub-band configuration per sub-configuration/ spatial pattern
· CSI report quantities: common CSI such as PMI, differential or joint CSI.

UE selection of spatial pattern(s)
It may not be necessary for the UE to provide CSI report corresponding to all candidate spatial patterns, and it could be sufficient to have the UE reporting based on a selection of one or a couple of spatial patterns. This would then allow keeping the UL control overhead low. 

This could be adopted as another reporting mode on top of the already agreed one where the gNB indicates the UE which sub-configurations/ spatial patterns to report CSI for.

In other words, instead of triggering the UE to report CSI for all indicated spatial patterns/sub-configurations, the UE could be configured/triggered by the gNB to select one or more spatial patterns, from a set of candidate patterns/ sub-configurations, and indicate those along with their corresponding CSIs to the gNB. For spatial pattern selection at the UE:
· One way would be to follow similar logic as for CRI selection in legacy, by basically letting the UE select one preferrable/best spatial pattern based on UE implementation.
· Other than UE implementation, it’s also possible to let the gNB configure criteria for the selection, such as based on CQI, minimum rank, or RSRP.

Observation 7: It may not be necessary for the UE to provide CSI report corresponding for all candidate spatial patterns, and it could be sufficient to have UE reporting based on a selection of one or a couple of spatial patterns. This would then allow keeping the UL control overhead low.
Proposal 12: To minimize the CSI feedback overhead, support a reporting mode where the gNB configures the UE to select X (where X >=1) spatial patterns from N indicated candidate spatial patterns (or sub-configurations), where X < N. For spatial pattern selection at the UE, downselect between the following approaches:
· Up to UE implementation to select preferrable/best X spatial patterns.
· gNB configures criteria for the selection of X spatial patterns, such as based on rank or CQI.

Sub-band configuration per sub-configuration
As we previously explained and observed in Sec. 2.1.1.1, given that different spatial patterns would potentially have different channel characteristics in terms of frequency selectivity, different sub-band configurations for different spatial patterns are necessary. Adapting the sub-band configuration for different spatial patterns /sub-configuration would allow reducing the CSI feedback overhead, as less sub-bands are considered for some sub-configurations. Consequently, less CSI bits would be required for CSI report quantities with sub-band granularity (such as sub-band PMI and sub-band CQI) considering all sub-configurations and their respective sub-band configurations.
Proposal 13: To minimize the CSI feedback overhead, support configuring different sub-band configurations (or more generally reportFreqConfiguration) for different spatial patterns/ sub-configurations.

CSI report quantities: common CSI such as PMI, differential or joint CSI
In RAN1#112bis-e, the following agreement was made.
	Agreement
· For CSI feedback with CSI overhead/report payload reduction, further study whether/how to report a common value and/or a differential and/or joint coded value across same CSI quantity of different sub-configurations/adaptation patterns, at least for the following
· CRI
· RI
· PMI
· CQI
· FFS: L1-RSRP
· Other (new) report quantity, if any
· Further study whether/how it is feasible/possible for the UE to skip the evaluations of some sub-configurations/adaptation patterns to reduce the burden at the UE


As a general rule, to avoid complicating the discussions and the design, creating dependencies between CSIs of different sub-configurations should be avoided as much as possible. Baseline should be to support full CSI report and leverage ways used in legacy to reduce the overhead such as differential value and leverage what the framework would offer such as common CRI.
Observation 8: Creating dependencies between CSIs of different sub-configurations would complicate the discussions and the CSI report design.
[bookmark: _Hlk134960549]Proposal 14: RAN1 should avoid creating dependencies between CSIs of different sub-configurations as much as possible.
Proposal 15: RAN1 to prioritize leveraging legacy ways to reduce the CSI overhead such as differential value reporting.
In the following, we discuss each CSI quantity separately from CSI overhead perspective and whether related enhancements would be required.

CRI (CSI-RS resource indicator):
Given that with Type 1 spatial adaptation multiple sub-configurations may share the same CSI-RS resource, reporting CRI would not be needed. If a sub-configuration is for some reason associated with different resources, CRI would be needed but we don’t think this is a justified case in general. For Type 2 adaptation, and considering each spatial pattern corresponds to a CSI-RS resource, if the UE is configured to report CSI for all the indicated spatial patterns, then no CRI needed as such. 
CRI may be needed if there would be CSI-RS resource selection or sub-configuration/spatial pattern selection, as CRI could be used to indicate the selection by the UE.
Proposal 16: When the UE is indicated the spatial patterns/ sub-configurations to provide CSIs for, support configuring the UE not to report CRI.
Proposal 17: If configuring the UE to select spatial patterns/ sub-configurations and provide corresponding CSIs is supported, consider the need for CRI reporting.

RI (rank indicator):
Overall, there would be little (if any) opportunity to exploit on feedback overhead reduction through RI, especially that RI would only consume a few bits per sub-configuration/ spatial pattern. So, considering joint RI indication is not necessary and can be deprioritized, especially given the limited time until Rel-18 completion.
Observation 9: There would be little (if any) opportunity to exploit on feedback overhead reduction through RI, especially that RI would only consume a few bits e.g., per sub-configuration.
Proposal 18: For reporting multiple CSIs corresponding to different spatial patterns, deprioritize enhancements on RI reporting.

PMI (precoding matrix indicator):
In the last RAN1 meetings, there has been a proposal on using a common/shared PMI for multiple spatial patterns to reduce the CSI feedback overhead. For example, for Type 1 adaptation, the UE would be configured to only report the PMI for the spatial pattern for which the antenna port set has the largest number of ports. And gNB would use this PMI to deduce the PMIs for other spatial patterns, for which their antenna ports are subsets of the largest one. In addition to UL overhead reduction, this could also be exploited such that the UE doesn’t need to calculate the PMIs of other patterns (at least not from scratch).
[bookmark: _Hlk134358272]Given the limited remaining time until the Rel-18 completion, in our view discussions on common PMI should be deprioritized. Actually, we expect such discussions to consume lots of time, as RAN1 would need to:
· First, establish whether the scheme may work without resulting in intolerable performance degradation, considering a common/same set of baseline assumptions between companies.
· Then, even if it establishes that the scheme may work, RAN1 would need to discuss potential implications of this scheme on UCI mapping and omissions, CPU calculation, etc.
Also, note that one company (R1-2302498) showed that the PMI correlation between spatial patterns is not very high. Furthermore, it’s worth noting that PMI sharing was proposed and discussed under Rel-17 M-TRP CSI enhancements but was not supported. Actually, although that was for a somewhat different scenario, it was also observed there the potentially high complications and performance degradation that such a scheme may bring.
In addition, as we previously discussed, other potentially simpler approaches could be considered such as UE selecting of spatial patterns and sub-band configuration adaptation.
Observation 10: Given the limited remaining time until the Rel-18 completion, discussions on common PMI (or PMI sharing) scheme would need to be deprioritized. Such discussions would otherwise consume lots of time, as RAN1 would need to:
· First, establish whether the scheme may work without resulting in performance degradation, considering a common set of baseline assumptions between companies.
· Then, even if it establishes that the scheme may work, RAN1 would need to discuss potential implications of this scheme on UCI mapping and omissions, CPU calculation, etc.
Observation 11: Common PMI (or PMI sharing) was proposed and discussed under Rel-17 M-TRP CSI enhancements but was not supported. Although that was for a different scenario, it was observed there the potentially high complications and performance degradation that such a scheme may bring.
Proposal 19: For reporting multiple CSIs corresponding to different spatial patterns, deprioritize the scheme where a common PMI reporting could be configured among spatial patterns.

CQI (channel quality indicator): 
Differential sub-band CQI reporting (if configured to be reported) could be used as in legacy. This differential reporting is preferrable to be per sub-configuration and not spanning multiple sub-configurations; this is to avoid creating any dependencies between CSIs of different sub-configurations.
Proposal 20: For reporting multiple CSIs corresponding to different spatial patterns, differential (sub-band) CQI reporting per sub-configuration, if configured to be reported, can be used as in legacy.

Based on the above discussions, we provide the following table that summarizes our view on whether any enhancements are needed for the various CSI report quantities.
Table I: Observations on necessary enhancements for various CSI quantities.
	
	CRI
	RI
	PMI
	CQI

	Observations for various CSI report quantities
	- Not needed for the baseline, and if a spatial pattern corresponds to one CSI-RS resource.
- May be needed if UE selection of spatial pattern(s) is adopted
	- Different RIs for the different spatial patterns / sub-configurations
- Deprioritize enhancements on RI, such as using joint RI
	- Different PMIs for the different spatial patterns / sub-configurations
- Deprioritize common PMI (or PMI sharing)
	- Different CQIs for the different spatial patterns / sub-configurations
- Differential CQI (per sub-configuration) could be considered based on legacy



Non-PMI feedback (known as ‘cri-RI-CQI’ in legacy):
In the non-PMI report, a UE calculates the CQI for a rank, by using the ports indicated for that rank for the selected CSI-RS resource and by assuming the precoder for the indicated ports is the identity matrix, appropriately scaled. There are two possible configurations for the ports associated with a candidate rank: a UE can be configured with the RRC parameter non-PMI-PortIndication comprising a list of  port indices for each possible rank , from 1 to , with  number of ports in the CMR resources. A UE can also be configured without this RRC parameter, in which case the ports indices 1 to  are assumed for each possible rank.
The use case for this report quantity is when the gNB can achieve enough spatial separation between the CSI-RS ports, for example by calculating the precoders from SRS measurement. Amongst the advantages of this report quantity are the lower feedback overhead and reduced UE’s complexity, as the PMI calculation is avoided at the UE side.
The use case for non-PMI reporting may be valid for the CSI to enable spatial adaptation and the benefits of reduced overhead and UE complexity are also relevant. However, the number of CSI-RS antenna ports assumed for non-PMI feedback is limited to 8, and this may be a limiting factor for the support of this reporting mode at least for the cases with more than 8 antenna ports.
Proposal 21: Discuss whether or not non-PMI feedback should be supported as a reporting mode for CSIs corresponding to multiple spatial patterns/ sub-configurations.

UE burden reduction
The discussion here essentially considers the case of UE selection of spatial pattern(s) (for which the UE provide CSIs), so it is conditioned on supporting such UE selection operation. In addition, the direction suggested below could be considered if enough time is left after agreeing on other baseline aspects.
It should be discussed whether there could be ways to reduce the burden at the UE for searching for/ selecting suitable/preferred/best pattern(s). Otherwise, the UE would need to evaluate all candidate patterns in order to be able to select a pattern(s). However, this would increase the UE burden and power consumption, especially when the number of patterns to evaluate and select from is large. In this regard, it should be discussed whether it’s necessary to evaluate all the patterns before making selection of best suitable/preferred/best pattern by the UE.
Not mandating the UE to evaluate all the candidate spatial patterns would decrease the burden at the UE. To this end, one way would be to consider a ‘search approach’ that allows the UE to skip the evaluation of some spatial patterns based on some rules. For instance, some sort of ‘hierarchical’ search approach could be considered where the UE may e.g.:
· start with the patterns with highest number of antenna/spatial elements that satisfy one or more of the above-mentioned (performance) criteria and selects at least one of these patterns, and 
· discard from evaluation/measurement/report patterns that are not partially or fully subsets of the selected at least one pattern.
Observation 12: Evaluations/measurements of all (indicated) candidate spatial patterns increases the UE burden and power consumption.
Proposal 22: For the case where the UE is required to provide CSI report based on multiple (indicated) candidate spatial patterns, to reduce the burden at the UE, consider allowing the UE to skip evaluating some of the candidate spatial patterns based on some rules.
From another perspective, evaluating multiple spatial patterns and providing a corresponding CSI report(s) using one UL (PUCCH/PUSCH) reporting occasion would increase the consumption of CSI processing units (CPU) at the UE, given that a CPU is only released after the CSI report is transmitted. And thus, the required number of additional CPUs would potentially need to scale up with the number of spatial patterns to evaluate before the CSI report transmissions. This is especially given that N, which is the number of indicated CSIs the UE should report, would not necessarily be limited only to small numbers.
Hence, considering CSI report(s) through different/multiple UL reporting occasions would allow to reduce the consumption of many CSI processing units at a time in this case. However, for this purpose, it should be discussed how to configure the CSI measurement and/or reports in time, considering different reporting types (semi-persistent, periodic, aperiodic).
Observation 13: Evaluating multiple (i.e., N) spatial patterns and providing corresponding CSI report(s) using one UL reporting occasion/instance would increase the consumption of parallel CSI processing units required at the UE.
Proposal 23: Consider configuring CSI measurements and reports for different spatial patterns where these reports are spanned in time over multiple CSI reporting occasions/instances.

Triggering multiple CSIs for semi-persistent and aperiodic CSI reporting
On the triggering of N CSIs for semi-persistent and aperiodic CSI reporting, the following high-level agreement was made in RAN1#112bis-e.
	Agreement
For Semi-persistent/Aperiodic CSI reporting with , study what enhancements to the current DCI and MAC-CE mechanisms are needed for gNB triggering/indication/activation of the N CSI(s) in a reporting instance, where the N CSI(s) are associated with N sub-configuration(s) from L in a report config.


For semi-persistent (SP) CSI on PUCCH: there is a need to introduce a new MAC CE e.g., to enable triggering N CSIs by potentially enhancing the existing MAC CE used to activate/deactivate SP CSI. However, how to enhance the MAC CE should be left up to RAN2. What RAN1 could discuss are the potential values that N and L may take and provide RAN2 with such information.
Proposal 24: Discuss the values that N and L may take and provide this information to facilitate RAN2’s work when they discuss MAC CE design to enable triggering N CSIs for semi-persistent CSI on PUCCH.
For aperiodic CSI on PUSCH, to trigger N CSIs via DCI two ways could be used:
· [bookmark: _Hlk134385706]Alt.1: Define e.g., N sub-configurations as an aperiodic triggering state and indicate this triggering state via DCI. More generally, different triggering states could represent different selections of a subset of sub-configurations of the L sub-configurations.
· Alt.2: Triggering state triggers the CSI report configuration as in legacy, and a new or existing DCI field(s) could be used to indicate the selection of N sub-configurations/ spatial patterns.
Alt.1 and Alt.2 are somewhat similar, and Alt.1 seems more like a simple extension based on existing operation of triggering aperiodic CSI on PUSCH. But we prefer that RAN1 further discuss both alternatives.
For semi-persistent CSI on PUSCH, to activate/deactivated N CSIs via DCI, similar ways as suggested above for aperiodic CSI on PUSCH could be considered here.
Proposal 25: For aperiodic and semi-persistent CSIs on PUSCH, for triggering or activating/deactivating N from L configurations of a CSI report configuration, downselect between:
· Alt.1: Define N sub-configurations as a triggering state and indicate this triggering state via the CSI request field in DCI. More generally, different triggering states could represent different selections of a subset of the L sub-configurations.
· Alt.2: Triggering state, via the CSI request field in DCI, still triggers the CSI report configuration as in legacy, and a new or existing DCI field(s) is used to indicate the selection of N sub-configurations.

CSI priority, CPU occupation
CSI priority function
In the current specifications [TS 38.214], the priority function is defined for each CSI report, and it depends on the reportConfigID, the serving cell index, whether the reports include L1-RSRP or L1-SINR, as reporting quantities, or not, the time-domain reporting behaviour and the uplink channel used for reporting. 
The CSI priority function impacts both UCI mapping and related omission rules in case of insufficient PUCCH/PUSCH resources, and the “soft” formula that controls which CSI reports are not updated in case of CPU overbooking.
Changing the priority function  to include N CSIs reported in a single CSI report would complicate the rules for CPU overbooking because, for example, only some of the CSIs in the report would not be updated in case the CPU counts exceeds the UE capability. This would add to the already complex handling of CSI reporting capabilities for the maximum number of resources/ports and CPUs. 
It’s worth noting that similar discussion occurred for the Rel-17 M-TRP CSI enhancements and no change on the priority function was agreed due to similar reasons as mentioned above. 
Proposal 26: For the reporting of N CSIs, corresponding to different sub-configurations/ spatial patterns, in a CSI reporting instance, strive not to change the existing priority function.
CPU occupation
How to scale the CPU counting for the case where the UE is triggered with N/multiple CSIs to be reported in the same CSI report instance was discussed in RAN#112bis-e where the following proposal was considered:
	If no further complexity reduction techniques are agreed, Rel-18 NES supports that CPU occupation is scaled as N increases.
· legacy CPU occupation rule is reused in principle in this case (i.e., where  is the total number of NZP CSI-RS resources for channel measurement)



Overall, the CPU count would need to scale up with either the number of CSI-RS resources and/or the number of spatial patterns being evaluated. However, how to exactly scale up the CSI processing related parameters could be discussed later once the baseline framework is clearer, e.g., on defining spatial adaptation pattern, CSI-RS resource configuration, CSI report configuration, and the interaction between those.

Proposal 27: For the computation of N CSIs, discuss how the CPU count is scaled after clarifying all the aspects related to the baseline framework.

Impact on CSI derivation/computation
The discussion here essentially assumes that spatial adaptation can impact at least some of the CSI-RSs (other than the ones used for spatial patterns evaluation). This would be reasonable to support, otherwise less network energy savings will be achieved and the gNB wouldn’t be able to e.g., multiplex CSI-RS and PDSCH in the frequency domain at least in some cases.
Observation 14: If spatial adaptation is not allowed to impact at least some of the CSI-RSs (other than the ones used for spatial patterns evaluation), less network energy savings would be achieved and the gNB wouldn’t be able to e.g., multiplex CSI-RS and PDSCH in the frequency domain (at least in some cases).
The impact of spatial adaptation on CSI computation/measurements should be discussed, and this includes channel measurements and interference measurements. Specifically, when a new spatial pattern becomes applicable within a period of CSI measurements, it should be clarified how the CSI computation should be performed if this calculation is based on CSI-RS resources impacted by switching to a new spatial pattern, i.e., impacted by the applicability of a new spatial pattern.
Based on legacy procedures (TS 38.214), in the CSI Report configuration/setting, it is possible to configure measurement restrictions in the time-domain, through timeRestrictionForChannelMeasurements and timeRestrictionForInterferenceMeasurements, for channel and interference resources respectively. If measurement restriction is configured, the UE is only allowed to use the latest occurrence of the CSI-RS/IM for channel/interference measurement into account when deriving the CSI; basically, the UE is restricted from temporally averaging the measurement of the resources in this case. Otherwise, if this measurement restriction is not configured, the UE would typically perform averaging in order to improve the channel/interference estimation performance. In this case, the gNB doesn’t have full knowledge of which resources/occurrences the UE has used for the CSI computation; see Figure 3 below.
[image: ]
Figure 3: Illustration of legacy CSI derivation based on multiple reference signals measurement resources/occurrences/samples.
Observation 15: Spatial adaptation may impact CSI computation/derivation, and this includes channel measurements and interference measurements.
Proposal 28: Discuss how the CSI computation/derivation operation is impacted due to switching to a new spatial pattern, considering channel and interference measurements.

Enhancements on beam management
Impact on TCI state indication/update due to spatial adaptation
Different spatial patterns may have different characteristics e.g., in terms of beam pattern. Specifically, as explained earlier, when the number of spatial elements is reduced, the beam pattern from lower number of spatial elements may be wider due to low spatial resolution. It can thus be observed that spatial adaptation may impact applicable TCI states.
Based on legacy procedures, either Rel-15 TCI framework or Rel-17 unified TCI framework, essentially up to 8 TCI states are activated in MAC CE and 1 (DL) TCI state could be indicated in DCI. This up to 8 active TCI states are basically used to represent different beam directions, or equivalently, quasi-colocation information (such as QCL type A and type D). However, given that there is potentially a relationship between an applicable spatial pattern and applicable TCI states, there may be need to discuss whether a frequent update of active TCI states would be required to follow the spatial pattern change/adaptation; if it turns out to be necessary, such update would then incur latency and overhead and thus may not preferrable.
Observation 16: Spatial pattern adaptation may impact and require updating at least active TCI states.
Proposal 29: Discuss whether the existing TCI state indication procedures should be enhanced when considering spatial pattern adaptation.

Beam failure related procedures
Another aspect that would require discussions is how the spatial adaptation would impact the beam failure related procedures. Specifically, such impact may be in terms of beam failure detection and/or beam recovery. Otherwise, a restriction could be added that RSs (reference signals) used for beam failure detection and recovery should not be impacted by spatial adaptation. 
Although it may result in reducing the network energy saving opportunities, such a restriction could be used at least as fallback option for the related RAN1 discussions – in case the impact of spatial adaptation on legacy beam failure related procedures is seen to be somewhat big.
Proposal 30: Discuss whether/how spatial adaption impacts beam failure detection and beam recovery procedures.

Signalling aspects
Spatial pattern change indication need and content
In the previous sections, we discussed some of the enablers for spatial adaptation. One additional important enabler is on how/whether the spatial pattern change/adaptation should be signalled to a UE. It’s worth noting that the discussions in RAN1#112 touched upon this aspect, as can be noticed from the following related agreement:

	[bookmark: _Hlk131496630]Agreement: Discuss the signalling aspects for spatial/power domain adaptation for Rel-18 NES-capable UEs considering that
· Whether there is a need for transition time per adaptation (for UE)
· Whether/How to inform UE on spatial adaptation pattern update and/or PDSCH/CSI-RS transmission power change due to adaptation.



[bookmark: _Hlk126875041]Considering the previous discussions on different Types of spatial adaptation (namely, Type 1 and Type 2), we recall that two different spatial patterns may differ in at least one of the following spatial elements:
· subset/set of (active) antenna ports
· subset/set of active (or muted) antenna elements or TxRUs

What to signal to the UE for spatial adaptation would depend on: 
(i) whether to only consider signalling to enable spatial patterns evaluation and related CSI reporting, or 
(ii) whether spatial pattern change/update for PDSCH/CSI-RS would also need to be separately or jointly informed to the UE. In general, it would be beneficial to signal the UE such information so that it adapts its reception for PDSCH (and CSI-RS) accordingly.

In the following, we provide some additional observations regarding the spatial adaptation signalling. 
· In case spatial adaptation could impact CSI-RS in general, signalling a new spatial pattern may consist in signalling an update of parameters for (active) CSI-RS configurations, such as in terms of subset of antenna ports. Alternatively, the signalling of a new spatial pattern may consist in providing corresponding (active) antenna port subset without necessarily binding it to (active) CSI-RS configurations, and the UE would then determine how/whether this new spatial pattern, and thus new subset of antenna ports, impacts these CSI-RS configurations – such as in terms of active (and muted) antenna ports.
· Similar study should be conducted when spatial adaptation consists of switching from one spatial pattern to a new/different spatial pattern and these patterns have different number of active TxRUs corresponding to one or more antenna ports that are common between the two patterns – including the case where the two patterns have the same antenna port subset. When an antenna port is ‘common’ between the previous spatial pattern and the new spatial pattern, the number of (active) TxRUs or antenna elements corresponding to this port may or may not change between the two patterns. 
· It’s worth noting that such an antenna port can be for NZP CSI-RS resource(s) used for channel measurement or for interference measurement. The information on whether the number of TxRUs of a common port has changed or not could be leveraged in measurement averaging and computation from multiple RS resources/occurrences.

Observation 17: It would be beneficial to signal the UE(s) the spatial pattern change so that it adapts its reception of PDSCH/CSI-RS accordingly.
Observation 18: When an antenna port is ‘common’, or still active, between a previous spatial pattern and a new applicable spatial pattern, the number of (active) antenna elements (or TxRUs) corresponding to this port may or may not change between the two spatial patterns.
Proposal 31: Support signalling of spatial pattern change to the UE. 
· Discuss signalling content of spatial adaptation, considering that different spatial patterns may differ in at least one of the following spatial elements: 
· Set of antenna ports, 
· Set/number of active (or muted) antenna elements or TxRUs.

Signalling means for spatial pattern change indication
In addition to the signalling content, signalling means/ways to inform a UE about applicable spatial pattern(s) or about spatial pattern change needs to be studied.
We foresee the following options on how to signal/configure the UE the spatial adaptation/change:
· [bookmark: _Hlk127094974]Option 1: Use DCI, including group common DCI if seen beneficial, to indicate the UE(s) spatial pattern change/adaptation.
· Option 2: Use MAC CE to indicate the UE spatial pattern change/adaptation.
· Option 3: Rely on semi-static or even semi-dynamic configuration and operation, i.e., via RRC or MAC CE, for switching between various spatial patterns over different period of times, i.e., spatial partitions in time. And use dynamic signaling, via DCI or MAC CE, to update such configuration as needed.
Option 3 has the advantage of reduced signaling overhead as, with this option, there is no need to provide indication each time the gNB is switching from one spatial pattern to another, and a frequent update of the configuration of spatial partitions (in time) is not expected. However, Option 3 provides occasions (in time) for a spatial pattern even when the gNB doesn’t necessarily want/prefer to use that pattern. On the other side, Option 1 would provide a faster spatial adaptation compared to Option 2 (and Option 3, if the spatial pattern to switch to is not part of the configuration/ spatial partitions), whereas Option 2 would introduce non-negligible transient periods (e.g., due to the acknowledgment for the PDSCH carrying the MAC CE). On the other hand, Option 1 is more prone to errors (i.e., missing DCIs) compared to Option 2. Depending on whether signaling for an existing operation(s) could be leveraged, Option 1 may also have reduced signaling overhead.
Overall, it seems that Options 1 and 2 would require less specifications effort than Option 3.
Proposal 32: Discuss signalling ways for spatial adaptation change, considering the following options:
· Option 1: Use DCI, including group common DCI if seen beneficial, to indicate the UE(s) a spatial pattern change/adaptation.
· Option 2: Use MAC CE to indicate the UE(s) a spatial pattern change/adaptation.
· Option 3: Use semi-static or even semi-dynamic configuration and operation, i.e., via RRC or MAC CE, for switching between various spatial patterns over different period of times, i.e., spatial partitions in time. And use dynamic signaling, via DCI or MAC CE, to update such configuration.


Techniques in Power domain
Enhancements on CSI-related procedures
In the RAN1#112bis meeting the following agreements were made:
	Agreement
For power domain adaptation, for CSI(s) reporting, support configuration of more than one power offset values for PDSCH relative to CSI-RS
· FFS: impact on CSI processing requirement
· FFS: details on configuration/indication of the power offset values
· FFS: whether/how to additionally consider the case where CSI-RS power is changed

Agreement
For power domain adaptation, support the following configuration(s) for CSI-RS resource configuration, 
· A1-2-power: one or more resources can be configured in a resource set within a resource setting and each resource can be associated with one or more power offset values
· FFS: A1-1-power: a resource set with multiple resources is configured within a resource setting, where resources can have different power offset values
· FFS: Details of how the different power offset values(s) are configured/indicated.




In the RAN1#112 meeting the following was agreed.
	Agreement: For adaptation of power offset values between PDSCH and CSI-RS, further study the following
· Where/how to configure multiple power offset values
· Whether/how one or more power offset values are dynamically indicated to UE for CSI measurement/reporting, and PDSCH reception
· Overhead reduction for CSI reports associated with multiple power offset values between PDSCH and CSI-RS
· Whether other UE report content can be included



We think that a large number of power offsets values may be needed for gNB to estimate the optimal power reduction. In the TR 38.864 (Study on network energy savings for NR) results from some companies show that power reduction of 12dB or even 18dB could in some cases result in very high energy saving gain. It should be noted that gNB cannot easily deduce how a PDSCH power reduction would impact the reported CSI as such impact depends on the receiver design. For some reporting like CQI, deduction in gNB may be possible to some extent but for some other reporting, like RI, multiple reports with different power offsets are needed.
Increasing the number of CSI reports adds complexity, delays the power adaptation, and increases energy consumption. Therefore, we think that the procedure where CSI reports based on different power offsets are requested one by one is not a good solution.
Instead of gNB asking UE to measure and report CSI based on different configured offset values, UE could determine and indicate to gNB, if and how much PDSCH power could be reduced without (much) adverse effects to bit rate and BLER, which is the essential information for the network to optimize such power adaptations. UE could indicate for example, how much PDSCH power can be reduced and still maintain the rank and/or MCS that is achievable with the power offset value included in the NZP-CSI-RS configuration. Thus, instead of or in addition to CSI reports based on multiple powerControlOffset values, the CSI report could be enhanced by adding information about how much power can be reduced to the report.
Proposal 33: CSI reporting is enhanced by adding information about how much PDSCH power can be reduced and still maintain the same rank and/or MCS that is achievable with the powerControlOffset value included in the NZP-CSI-RS configuration.
Regarding dynamic adaptation of CSI-RS power, our opinion is that RAN1 should first focus on power adaptation between CSI-RS and PDSCH according to the work item description. Reduction of CSI-RS power due to type 2 adaptation could be a way to reduce PDSCH power if the power offset between CSI-RS and PDSCH is kept constant. Whether this is considered in Rel-18 should be discussed later.
Proposal 34: For PDSCH power reduction, RAN1 focus is on power adaptation between CSI-RS and PDSCH.

Indication of PDSCH power change
In the RAN1#112 meeting it was agreed to further discuss on the need of a dynamic indication of the PDSCH power change to the UE for assisting its PDSCH reception (see the yellow highlights):
	Agreement: Discuss the signalling aspects for spatial/power domain adaptation for Rel-18 NES-capable UEs considering that
· Whether there is a need for transition time per adaptation (for UE)
· Whether/How to inform UE on spatial adaptation pattern update and/or PDSCH/CSI-RS transmission power change due to adaptation.



	Agreement: For adaptation of power offset values between PDSCH and CSI-RS, further study the following
· Where/how to configure multiple power offset values
· Whether/how one or more power offset values are dynamically indicated to UE for CSI measurement/reporting, and PDSCH reception
· Overhead reduction for CSI reports associated with multiple power offset values between PDSCH and CSI-RS
· Whether other UE report content can be included


As discussed above in section 2.3, indication of spatial pattern change would be beneficial. In this section, we discuss about the PDSCH power change indication.
Currently the UE employs already means to cope with relatively large changes in the received power level e.g. because of fading. However, the dynamic PDSCH power adaptations in Rel.18 may introduce fast and abrupt power changes, which the UE may not be able to cope with if the UE is not aware of them. This is explained for example in [2]. In fact, fast and abrupt power changes may result in the ADC to operate in sub-optimal regimes (e.g., UE’s AGC setting may not be optimal, and saturation may occur if a sudden increase of transmit power is applied). Therefore, when the network applies dynamic changes of the power of the PDSCH transmissions, the UE’s receiver might benefit from receiving some information about the power change in order to optimize its processing.
Observation 19: The UE might benefit from receiving some information about the PDSCH power change in order to optimize its processing related to PDSCH reception.
The network could in principle send a transmission power change indication every time the power level is changed. However, such an indication would increase the signalling overhead and, in turn, the energy consumption, which is undesired. Therefore, it may be beneficial to minimize the provided indications from the network to the UE only to those cases where it is beneficial/needed by the UE. The cases where the indication is beneficial/necessary for the UE may include cases when the power change is large (high power change range) and/or too fast (high power change rate). Such indications would allow the network to optimize power adaptations flexibly for increased energy saving, while enabling the UE to optimize its processing properly and cope with the network adaptations. 
Observation 20: It is beneficial to minimize (signalling and energy consumption of) the PDSCH power change indications by providing the indication only in those cases where it is needed for the UE processing, such as if the power change rate is high and/or the power change is large.
As the need and benefit from such indications may differ for different UEs, it may be considered whether the UE could indicate when it benefits from the indication (e.g., by indicating its need, or by indicating a power change rate or range which the UE can/cannot cope with).
Proposal 35: Define PDSCH transmission change indication limited to cases where it is beneficial for the UE. 
· FFS Discuss in which cases the indication is beneficial to the UE (e.g., if power change rate is high and/or power change is large)
· FFS Discuss whether the UE should provide information related to when it benefits from the indication (e.g., by indicating its need, or by indicating a power change rate or range which the UE can/cannot cope with).

Conclusions
In this contribution, we have the following observations and proposals:
On the techniques in spatial domain:
Observation 1: Based on the current agreement on A1-1-revised and A1-2-revised, both Type 1 and Type 2 SD adaptation can be applicable with A1-1-revised or A1-2-revised. However, in general A1-1-revised is more suitable for Type 2 SD adaptation whereas A1-2-revised is more suitable for Type 1 SD adaptation.

Proposal 1: Confirm the working assumption on supporting both A1-1-revised and A1-2-revised. In addition:
· Support A1-2-revised primarily for Type 1 SD adaptation
· Support A1-1-revised primarily for Type 2 SD adaptation.

Proposal 2: For CSI report configuration for Type 1 spatial adaptation, assuming A1-2 is used (i.e., CSI-RS resource can be associated with more than one spatial adaptation patterns), for each sub-configuration, we propose to utilize:
· Explicit indication for N1, N2 for single-panel and N1, N2, Ng for multi-panel.

Proposal 3: For CSI report configuration for Type 1 spatial adaptation, assuming A1-2 is used (i.e., CSI-RS resource can be associated with more than one spatial adaptation pattern), for antenna port indication of each sub-configuration, consider at least one of the following alternatives:
· Alt.1: Explicit indication of antenna port subset
· Alt.2: Leverage ZP-CSI-RS framework and configuration to provide antenna port subset indication

Proposal 4: For CSI report configuration for Type 1 spatial adaptation, support configuring different codebook subset restrictions and different rank restrictions for different sub-configurations.
Proposal 5: For CSI report configuration for Type 1 spatial adaptation, we prefer to have codebook type as common/same for all sub-configurations.
Proposal 6: For CSI report configuration for Type 1 spatial adaptation, support report quantity to be common/same for all sub-configurations.
Observation 2: When the number of spatial elements (such as antenna ports or TxRUs) is reduced, the beam pattern from lower (resp., larger) number of spatial elements may be wider (resp. narrower) due to low (resp., high) spatial resolution. A wider beam may increase the number of multipaths, which then results in higher delay spread; a tighter beam may decrease the number of multipaths which then results in lower delay spread. High delay spread is reflected as frequency selectivity in channel.
Observation 3: Adapting the sub-band configuration for different spatial patterns /sub-configurations would allow reducing the CSI feedback overhead, as less sub-bands are considered for some sub-configurations. Consequently, less CSI bits would be required for CSI report quantities with sub-band granularity (such as sub-band PMI and sub-band CQI) considering all sub-configurations and their respective sub-band configurations.
Proposal 7: For CSI report configuration for Type 1 spatial adaptation, support configuring different sub-band configurations (or more generally reportFreqConfiguration) for different sub-configuration. 
· This doesn’t preclude two or more sub-configurations to have the same sub-band configuration.

Observation 4: When considering muting of ports from a set of CSI-RS antenna ports to obtain an antenna port subset corresponding to a sub-configuration/ spatial pattern, it would be important to keep enough flexibility so that the muting could be done from both polarizations, in order to keep/exploit polarization diversity.

Proposal 8: Discuss whether any restriction is needed regarding muting of ports from a set of CSI-RS antenna ports to obtain an antenna port subset corresponding to a sub-configuration/ spatial pattern.
Proposal 9: For Type 2 spatial adaptation, each sub-configuration includes or corresponds to a CSI-RS resource.

Observation 5: For A1-1-revised, which is more suitable for Type 2 spatial adaptation, the CSI-RS resources would need to have same antenna port subset but different number of antenna elements. Hence, at least for this baseline case, the CSI-RS resources would need to be associated with a same number of ports.

Observation 6: For A1-2-revised, which is more suitable for Type 1 spatial adaptation, one CSI-RS resource would be associated with different antenna port subsets. And there is no restriction on configuring multiple CSI-RS resources in the same CSI report configuration for this case, where these multiple CSI-RS resources could be associated with different antenna port subsets/sets, and thus possibly to different number of antenna ports.

Proposal 10: For at least the baseline case of A1-1-revised, support restricting the CSI-RS resources, in the CSI resource set corresponding to the CSI report configuration, to have the same number of antenna ports (as in legacy).
Proposal 11: For A1-2-revised, support that different CSI-RS resources, in the CSI-RS resource set corresponding to the CSI report configuration, could have different number of antenna ports.
Observation 7: It may not be necessary for the UE to provide CSI report corresponding for all candidate spatial patterns, and it could be sufficient to have UE reporting based on a selection of one or a couple of spatial patterns. This would then allow keeping the UL control overhead low.
Proposal 12: To minimize the CSI feedback overhead, support a reporting mode where the gNB configures the UE to select X (where X >=1) spatial patterns from N indicated candidate spatial patterns (or sub-configurations), where X < N. For spatial pattern selection at the UE, downselect between the following approaches:
· Up to UE implementation to select preferrable/best X spatial patterns.
· gNB configures criteria for the selection of X spatial patterns, such as based on rank or CQI.

Proposal 13: To minimize the CSI feedback overhead, support configuring different sub-band configurations (or more generally reportFreqConfiguration) for different spatial patterns/ sub-configurations.
Observation 8: Creating dependencies between CSIs of different sub-configurations would complicate the discussions and the CSI report design.
Proposal 14: RAN1 should avoid creating dependencies between CSIs of different sub-configurations as much as possible.
Proposal 15: RAN1 to prioritize leveraging legacy ways to reduce the CSI overhead such as differential value reporting.
Proposal 16: When the UE is indicated the spatial patterns/ sub-configurations to provide CSIs for, support configuring the UE not to report CRI.
Proposal 17: If configuring the UE to select spatial patterns/ sub-configurations and provide corresponding CSIs is supported, consider the need for CRI reporting.
Observation 9: There would be little (if any) opportunity to exploit on feedback overhead reduction through RI, especially that RI would only consume a few bits e.g., per sub-configuration.
Proposal 18: For reporting multiple CSIs corresponding to different spatial patterns, deprioritize enhancements on RI reporting.
Observation 10: Given the limited remaining time until the Rel-18 completion, discussions on common PMI (or PMI sharing) scheme would need to be deprioritized. Such discussions would otherwise consume lots of time, as RAN1 would need to:
· First, establish whether the scheme may work without resulting in performance degradation, considering a common set of baseline assumptions between companies.
· Then, even if it establishes that the scheme may work, RAN1 would need to discuss potential implications of this scheme on UCI mapping and omissions, CPU calculation, etc.
Observation 11: Common PMI (or PMI sharing) was proposed and discussed under Rel-17 M-TRP CSI enhancements but was not supported. Although that was for a different scenario, it was observed there the potentially high complications and performance degradation that such a scheme may bring.
Proposal 19: For reporting multiple CSIs corresponding to different spatial patterns, deprioritize the scheme where a common PMI reporting could be configured among spatial patterns.
Proposal 20: For reporting multiple CSIs corresponding to different spatial patterns, differential (sub-band) CQI reporting per sub-configuration, if configured to be reported, can be used as in legacy.
Proposal 21: Discuss whether or not non-PMI feedback should be supported as a reporting mode for CSIs corresponding to multiple spatial patterns/ sub-configurations.
Observation 12: Evaluations/measurements of all (indicated) candidate spatial patterns increases the UE burden and power consumption.
Proposal 22: For the case where the UE is required to provide CSI report based on multiple (indicated) candidate spatial patterns, to reduce the burden at the UE, consider allowing the UE to skip evaluating some of the candidate spatial patterns based on some rules.
Observation 13: Evaluating multiple (i.e., N) spatial patterns and providing corresponding CSI report(s) using one UL reporting occasion/instance would increase the consumption of parallel CSI processing units required at the UE.
Proposal 23: Consider configuring CSI measurements and reports for different spatial patterns where these reports are spanned in time over multiple CSI reporting occasions/instances.
Proposal 24: Discuss the values that N and L may take and provide this information to facilitate RAN2’s work when they discuss MAC CE design to enable triggering N CSIs for semi-persistent CSI on PUCCH.
Proposal 25: For aperiodic and semi-persistent CSIs on PUSCH, for triggering or activating/deactivating N from L configurations of a CSI report configuration, downselect between:
· Alt.1: Define N sub-configurations as a triggering state and indicate this triggering state via the CSI request field in DCI. More generally, different triggering states could represent different selections of a subset of the L sub-configurations.
· Alt.2: Triggering state, via the CSI request field in DCI, still triggers the CSI report configuration as in legacy, and a new or existing DCI field(s) is used to indicate the selection of N sub-configurations.
Proposal 26: For the reporting of N CSIs, corresponding to different sub-configurations/ spatial patterns, in a CSI reporting instance, strive not to change the existing priority function.
Proposal 27: For the computation of N CSIs, discuss how the CPU count is scaled after clarifying all the aspects related to the baseline framework.

Observation 14: If spatial adaptation is not allowed to impact at least some of the CSI-RSs (other than the ones used for spatial patterns evaluation), less network energy savings would be achieved and the gNB wouldn’t be able to e.g., multiplex CSI-RS and PDSCH in the frequency domain (at least in some cases).
Observation 15: Spatial adaptation may impact CSI computation/derivation, and this includes channel measurements and interference measurements.
Proposal 28: Discuss how the CSI computation/derivation operation is impacted due to switching to a new spatial pattern, considering channel and interference measurements.
Observation 16: Spatial pattern adaptation may impact and require updating at least active TCI states.
Proposal 29: Discuss whether the existing TCI state indication procedures should be enhanced when considering spatial pattern adaptation.
Proposal 30: Discuss whether/how spatial adaption impacts beam failure detection and beam recovery procedures.
Observation 17: It would be beneficial to signal the UE(s) the spatial pattern change so that it adapts its reception of PDSCH/CSI-RS accordingly.
Observation 18: When an antenna port is ‘common’, or still active, between a previous spatial pattern and a new applicable spatial pattern, the number of (active) antenna elements (or TxRUs) corresponding to this port may or may not change between the two spatial patterns.
Proposal 31: Support signalling of spatial pattern change to the UE. 
· Discuss signalling content of spatial adaptation, considering that different spatial patterns may differ in at least one of the following spatial elements: 
· Set of antenna ports, 
· Set/number of active (or muted) antenna elements or TxRUs.

Proposal 32: Discuss signalling ways for spatial adaptation change, considering the following options:
· Option 1: Use DCI, including group common DCI if seen beneficial, to indicate the UE(s) a spatial pattern change/adaptation.
· Option 2: Use MAC CE to indicate the UE(s) a spatial pattern change/adaptation.
· Option 3: Use semi-static or even semi-dynamic configuration and operation, i.e., via RRC or MAC CE, for switching between various spatial patterns over different period of times, i.e., spatial partitions in time. And use dynamic signaling, via DCI or MAC CE, to update such configuration.

On the techniques in power domain:
Proposal 33: CSI reporting is enhanced by adding information about how much PDSCH power can be reduced and still maintain the same rank and/or MCS that is achievable with the powerControlOffset value included in the NZP-CSI-RS configuration.
Proposal 34: For PDSCH power reduction, RAN1 focus is on power adaptation between CSI-RS and PDSCH.
Observation 19: The UE might benefit from receiving some information about the PDSCH power change in order to optimize its processing related to PDSCH reception.
Observation 20: It is beneficial to minimize (signalling and energy consumption of) the PDSCH power change indications by providing the indication only in those cases where it is needed for the UE processing, such as if the power change rate is high and/or the power change is large.
Proposal 35: Define PDSCH transmission change indication limited to cases where it is beneficial for the UE. 
· FFS Discuss in which cases the indication is beneficial to the UE (e.g., if power change rate is high and/or power change is large)
· FFS Discuss whether the UE should provide information related to when it benefits from the indication (e.g., by indicating its need, or by indicating a power change rate or range which the UE can/cannot cope with).

References
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