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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, RAN1#112bis-e, and RAN1#113 for which the related FL summaries can be found in R1-2301964 & R1-2301965 & R1-2301966, R1-2304270, and R1-2306030 & R1-2306031 & R1-2306032 & R1-2306033, respectively. In our companion contribution, we discuss the enhancements on cell DTX/DRX mechanism [1].
Techniques in Spatial domain
In the previous RAN1 meetings, several agreements were reached regarding the Techniques in Spatial domain. In the following, we discuss some of the remaining open points for such techniques.
Enhancements on CSI measurement and reporting to enable spatial adaptation
CSI resource and report configurations 
In RAN1#113, the following agreements were made regarding the enhancements CSI resource and report configurations to enable spatial adaptation. 
	Agreement:
Confirm the working assumption with the following update (in red)
· Al-1-revised and A1-2-revised are supported
· For Type 1 SD adaptation
· A1-2-revised is supported 
· For Type 2 SD adaptation
· A1-1-revised is supported.
Agreement:
· For A1-1-revised for Type 2, one or more CSI-RS resources from a CSI-RS resource set for channel measurement can be associated with the same sub-configuration provided in a CSI report configuration
· Resources in the resource set for channel measurement have the same number of antenna ports
· For A1-2-revised for Type 1, all CSI-RS resource(s) (which can be one or more) in the CSI-RS resource set for channel measurement are associated with each sub-configuration provided in a CSI report configuration
· i.e. each CSI-RS resource is associated with all the sub-configurations
· Resources in the resource set for channel measurement have the same number of antenna ports
· FFS: restriction on total number of CSI-RS resources for channel measurement in a CSI-ReportConfig and/or sub-configuration.

Agreement
For a CSI report configuration with L>1, for Type 1 SD, at least when A1-2-revised is used for the associated codebook configuration, 
· Only common codebook type for PMI across sub-configurations is supported
· Codebook type-1 for PMI is supported
Agreement
For Type 1 adaptation, for each sub-configuration,
· Port subset indication is based bitmap is supported
· One bit per port for single panel case (i.e. turning off in a port level)
· FFS: One bit per panel for multi-panel case (i.e. turning off in panel level)
· Note: It is up to the gNB to ensure the mapping of the bit to a uniform x-pol rectangular array
Agreement
For Type 1 adaptation, for each sub-configuration, for multi-panel case,
· One bit per port based on bitmap is supported 
· Note: It is up to the gNB to ensure the mapping of the bit to a uniform x-pol rectangular array for each of the activated panel(s). Additionally, if more than one panel is activated, uniformity across panels is ensured by the gNB (i.e., the same N1, N2 across multiple activated panels)

Agreement
For the sub-configuration(s) in a CSI report configuration with L>1, 
· for Type 1 SD with A1-2-revised, the following is configured in each sub-configuration
· codebook subset restriction, 
· rank restriction
· N1, N2 and Ng 
· FFS: the case when the number of ports is less than 4
· for Type 2 SD adaptation with A1-1-revised, for each sub-configuration
· a list of CSI-RS resource ID
· FFS: codebookConfig (including codebookSubsetRestriction/ ri-Restriction)
· FFS: CQI table indication
· FFS: reportFreqConfiguration
· FFS: report quantity
Above is agreed in addition to what was agreed in previous RAN1 agreements




In the following, we discuss the main aspect we see worth considering in the list of FFS points in the last agreement above, which is on the report frequency configuration (for both Type 1 and Type 2 SD adaptation). 
On the report frequency configuration (be it for Type 1 or Type 2 SD adaptations):
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 1: 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 2: Adapting the sub-band configuration for different sub-configurations (corresponding to different spatial patterns) 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 1: For CSI report configuration for Type 1 and Type 2 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.

CSI report content and overhead
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
To achieve CSI feedback overhead reduction, various aspects may be considered in the study. We divide those aspects into three main categories:
· CSI report quantities
· UE reporting mode for payload reduction - UE selection of spatial pattern(s)
· Sub-band configuration per sub-configuration/ spatial pattern (refer to Sec. 2.1.1)
In the following we discuss the first two aspects, and the third aspect is already discussed above in Sec. 2.1.1.

CSI report quantities
On which CSI quantities to report, the following baseline was supported according to the RAN1#113 agreement below:
	Agreement
For both spatial domain NES, when UE reports CSIs corresponding to one or more sub-configurations provided in a CSI report configuration, 
· At least support baseline: Report CSI for each indicated sub-configuration, according to reportQuantity configuration
· FFS: details on how to map CSI(s) in a CSI report
· Further enhancement on CSI payload reduction is not precluded



The second bullet-point in the above agreement would still open the door for discussions on enhancements regarding the CSI report quantities. As a general rule, to avoid complicating the discussions and the design, we think that creating dependencies between CSIs of different sub-configurations should be avoided as much as possible when not needed/feasible.
Proposal 2: RAN1 should avoid creating dependencies between CSIs of different sub-configurations as much as possible when not needed/feasible.
In the following, we discuss each CSI quantity separately from CSI overhead perspective and whether related enhancements would be required/feasible.
CRI (CSI-RS resource indicator):
For report quantities including CRI, similar logic as applied for CRI reporting in legacy could be considered but now per CSI report sub-configuration instead of configuration. Specifically, if a sub-configuration includes or is associated with more than one CSI-RS resource (for channel measurements), then CRI selection and thus reporting is needed for that sub-configuration. Otherwise, if a sub-configuration includes or is associated with a single CSI-RS resource, then CRI reporting is not needed for that sub-configuration.
Proposal 3: For CRI reporting for Type 1/Type 2 SD adaptation, support the following legacy behavior but now per CSI report sub-configuration as follows:
· If a sub-configuration includes or is associated with more than one CSI-RS resource (for channel measurements), then CRI selection and thus reporting is needed for that sub-configuration. 
· Otherwise, if a sub-configuration includes or is associated with a single CSI-RS resource (for channel measurements), then CRI reporting is not needed for that sub-configuration.

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 for Type 1 SD adaptation.
Proposal 4: For Type 1 SD adaptation, for reporting multiple CSIs corresponding to different spatial patterns, deprioritize the scheme where a common PMI reporting could be configured among spatial patterns.

For PD adaptation / Type 2 SD adaptation and, given that the CSI-RS resources corresponding to the different sub-configurations would have the same number of antenna ports at least for the agreed baseline, there are cases where reporting one PMI for at least two sub-configurations would be possible without performance degradation. We thus distinguish between two sets of cases:
(i) cases where reporting one PMI is feasible basically by design, which thus wouldn’t require extensive discussions in RAN1, and
(ii) other cases, which essentially rely on some correlation properties, where such reporting scheme would need to e.g., be extensively discussed and evaluated in terms of performance degradation to see how big of an impact such a scheme would have.
However, given the limited time until Rel-18 completion, in our view those latter cases should be deprioritized / not supported. In other words, if enhancements on PMI reporting are to be introduced, the support of reporting one PMI should be restricted to specific cases which we elaborate on below, where e.g., one of the common aspects for such cases is that sub-configurations are associated (either by selected CRI or by configuration) to a same CSI-RS resource or potentially a same selected CRI.
Proposal 5: For PD adaptation / Type 2 SD adaptation, deprioritize common/shared PMI schemes based on correlation properties which would require extensive discussions and evaluations. 

To elaborate on cases (i), it’s worth recalling that the UE shall calculate PMI (if reported) assuming the following dependency (as indicated in TS 38.214):
	-	PMI shall be calculated conditioned on the reported RI and CRI


Observation 3: PMI is calculated conditioned on the reported CRI and RI.
Hence, leveraging the above observation, if at least two sub-configurations are associated to the same CSI-RS resource, either by selected CRI (CSI-RS resource indicator) or by configuration, or potentially even to a same selected CRI, reporting one PMI is enough based on the following cases:
· [bookmark: _Hlk141609181][bookmark: _Hlk141608298]Case 1: When the rank indicator is the same for the at least two sub-configurations, the PMI would only be reported in the CSI of the sub-configuration e.g., with the lowest/highest index, i.e., UE would omit the PMI from the CSIs of the other sub-configurations. Actually, given the dependency for PMI calculation (i.e., PMI is calculated conditioned on the reported CRI and RI), in this case the PMI is the same for the at least two-sub-configurations.
· Case 2: When the rank indicator is different for some or all of the at least two sub-configurations, the UE would report the PMI or WB (wideband) PMI part only in the CSI of the sub-configuration with the highest rank indicator among the at least two sub-configurations. Actually, it would be reasonable to assume that the PMI calculated for different rank hypotheses of the same CSI-RS resource share the strongest layers, for example the first two layers in a rank-4 PMI should be the same as the layers of a rank-2 PMI. This assumption should be even stronger for W1 (i.e., WB PMI).
Observation 4: For PD adaptation / Type 2 SD adaptation, there are some cases where reporting one PMI for at least two sub-configurations would be possible by design and without performance degradation. 
· This results from the fact that PMI is calculated conditioned on the (reported) CRI and RI.

Observation 5: For PD adaptation / Type 2 SD adaptation, if at least two sub-configurations are associated e.g., to a same CSI-RS resource (either by selected CRI or by configuration) or potentially to a same selected CRI, given that PMI is calculated conditioned on the CRI and RI, reporting one PMI is enough based on the following cases.
· Case 1: rank indicator is the same for the at least two sub-configurations. That is because the PMI is the same for the sub-configurations in this case.
· Case 2: rank indicator is different for the sub-configurations. In this case, it’s reasonable to assume that the PMI calculated for different rank hypotheses of the same CSI-RS resource share the strongest layers, for example the first two layers in a rank-4 PMI should be the same as the layers of a rank-2 PMI. This assumption should be even stronger for W1 (i.e., WB PMI).

Based on the above discussion and observations, we propose the following:
Proposal 6: If enhancements on PMI reporting are to be further discussed in RAN1, only support considerations based on the following: 
For PD adaptation / Type 2 SD adaptation, if at least two sub-configurations are associated to a same CSI-RS resource (either by selected CRI or by configuration) or potentially to a same selected CRI, consider reporting only one PMI for these sub-configurations as follows:
· Case 1: when the rank indicator is the same for the sub-configurations, the PMI is reported in the CSI of the sub-configuration e.g., with the lower index, i.e., the PMI is omitted from the CSIs of the other sub-configurations.
· Case 2: when the rank indicator is different for the sub-configurations, the PMI or WB PMI part (i.e., W1) is reported in the CSI of the sub-configuration with the highest rank indicator, i.e., the PMI or WB PMI part is omitted from the CSIs of the other sub-configurations.
An illustrative example of Case 1 under the above proposal is shown in the figure below.
[image: ]
Figure 1: Example of reporting one PMI reporting in case of two sub-configuration for which the CSIs are associated to the same CSI-RS resource (by configuration), without performance degradation.

RI (rank indicator) and CQI (channel quality indicator):
On the other side, 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.
Proposal 7: For reporting multiple CSIs corresponding to different spatial patterns, do not support enhancements on RI reporting.
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. In RAN1#113, there has been a proposal to consider differential CQI across sub-configurations. However, we don’t think such a proposal should be supported as differential CQI would (i) impact the performance due to reduced CQI information, and (ii) creating dependency between CSIs of different sub-configurations, something that we shall avoid as explained above.
Proposal 8: 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. 
· Do not support differential CQI across sub-configurations.

Report quantities 'cri-RI-i1-CQI', 'cri-RI-CQI', and 'cri-RI-i1'
The following report quantities are less typical than others:
· 'cri-RI-i1-CQI': known as semi-open loop CSI 
· 'cri-RI-CQI': which is CSI report without PMI, i.e., non-PMI feedback 
· 'cri-RI-i1': which is CSI report without CQI
RAN1 would need to conclude whether these quantities are supported or not for Rel-18 spatial/power domain adaptation techniques. Overall, these quantities are not really typical, and clearly supporting them would incur additional specification effort, which would potentially be better to avoid at this late stage of the discussions.
Observation 6: The report quantities 'cri-RI-i1-CQI', 'cri-RI-CQI', and 'cri-RI-i1' are not typical. And supporting these report quantities would incur additional specification effort, which would potentially be better to avoid at this late stage of the discussions. 
Proposal 9: RAN1 to conclude on whether the following report quantities should be supported or not for the Rel-18 spatial/power domain adaptation techniques: 'cri-RI-i1-CQI', 'cri-RI-CQI', and 'cri-RI-i1'.

UE reporting mode for CSI payload reduction
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 10: 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.
 
CSI priority, UCI mapping, 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 11: For the reporting of N CSIs, corresponding to different sub-configurations/ spatial patterns, in a CSI reporting instance, do not introduce changes to the existing priority function.

UCI mapping
During the RAN1#113 meeting, some of the options for UCI mapping have been put-forth in FL summary for further discussions, as shown in below: 
#2 UCI mapping/priority reporting level/omission
FL4 P6-3 For information

For N(>1) CSIs reporting based on a CSI report configuration, down select from the below
· Approach 1: 
CSI mapping order for CSI Part 1 or Part 2 and CSI omission/priority rule are performed per CSI report,
· CSI Part 1: CSI quantities (such as CRI, RI and CQI when applicable) corresponding to all of N sub-configurations are multiplexed into a single CSI Part 1
· mapping order is determined as 
· e.g., CSI quantity first and sub-configuration index second, or sub-configuration index first and CSI quantity second
· CSI Part 2: two priority reporting levels can be allocated to a CSI report
· Each priority reporting level is determined as 
· e.g., even subbands of all N sub-configurations for the priority reporting level and odd subbands of all N sub-configurations for the second priority reporting level)
· For CSI omission, legacy mechanism can be reused
· Approach 2: 
CSI mapping order for CSI Part 1 or Part 2 and CSI omission/priority rule are performed per sub-configuration
· CSI Part 1: CSI quantities (such as CRI, RI and CQI when applicable) corresponding to each sub-configuration is separately generated then concatenated into a single bit sequence for CSI part 1 for the CSI report configuration
· CSI part 2: two priority reporting levels can be allocated to each sub-configuration, i.e., 2 x N priority reporting levels in total.
· For CSI omission/priority rule, sub-configuration index needs to be additionally considered and  in 214 specification can be modified, as follows:
· , where  is the sub-configuration index and  is the maximum number of sub-configuration indexes in a CSI report configuration.
· Approach 3:
· CSI Part 1: CSI quantities (such as CRI, RI and CQI when applicable) associated with a reference sub-configuration
· a reference sub-configuration, for example, which is the sub-configuration with the largest number of antenna ports based on the corresponding (N1, N2) values
· CSI Part 2: remaining CSI quantities for the reference sub-configuration (e.g., PMI, LI), and (N-1) CSIs for the remaining sub-configurations

· Note: if CSI payload reduction is supported, the payload for a corresponding CSI quantity is determined as e.g. [omitted, differentiated etc.] 


· CSI priority and omission considerations with sub-configurations:
As per 38.214, if all CSI reports consist of one part, the UE may omit a portion of CSI reports. Omission of CSI is according to the priority order determined from the Pri,CSI(y,k,c,s) value as defined in Clause 5.2.5. The CSI report(s) is omitted beginning with the lowest priority level until the CSI report code rate is less or equal to the one maximum code rate (e.g., in case of PUCCH). If any of the CSI reports consist of two parts, the UE may omit a portion of Part 2 CSI. Omission of Part 2 CSI is according to the priority order shown in Table 5.2.3-1. Part 2 CSI is omitted beginning with the lowest priority level until the Part 2 CSI code rate is less or equal to the one configured by higher layer parameter maxCodeRate. To our view, we could follow similar approach as legacy, and thus the priority of the CSI report containing CSIs for multiple sub-configurations, is determined according to the clause 5.2.5 of TS 38.214.
Proposal 12: Follow the legacy rule of priority for omission, where the priority of the CSI report containing CSIs for multiple sub-configurations, is determined according to the clause 5.2.5 of TS 38.214.

· CSI mapping order considerations with sub-configurations: 
In TS38.212, the mapping order of CSI fields of CSI report(s) was specified, either for the case of only wideband CQI/PMI is to be reported or for the case of subband CQI/PMI also needs to be reported. Considering of the framework with sub-configurations, in the following, we describe two potential options, namely Option 1 and Option 2, that could be considered for the UCI mapping aspect. 

Option 1:

For a UE configured with multi-CSI reporting, multiple CSIs would be reported with the same reportConfigID. Hence, it is not clear what reporting priority levels are assigned to the components mapped in Part 2 CSI. One simple way of determining the UCI mapping order for a report with multiple CSIs is to apply the priorities of Table 5.2.3-1 of 38.214 to all the CSIs in a multi-CSI report; this is in line with Approach 1 listed above. When omitting Part 2 CSI information for a particular priority level assigned to multi-CSI report, the UE shall omit all the information at that priority level for all the CSIs in the report. 

Figure 2 and Figure 3 illustrate an example of UCI mapping for a multi-CSI report with for N sub-configurations, for Part 1 and Part 2, respectively. In Part 2, for multi-CSI report number n, reporting priority 0 is given to the WB (wideband) components of all the CSIs conveyed in the report; priority 2n-1 is given to the even SB (sub-band) components of all CSIs in the report; priority 2n is assigned to the odd SB components of all CSIs in the report. The mapping order of the CSIs in Part 2 priority 0, 2n-1 and 2n is the same used in Part 1. 

[image: ]
Figure 2: Example of UCI mapping for Part 1 including a multi-CSI report. CSI report n contains N CSIs, one per sub-configuration.


[image: ]
Figure 3: Example of UCI mapping for Part 2 including a multi-CSI report. CSI report n contains N CSIs, one per sub-configuration.

Proposal 13: Regarding the UCI mapping of the CSIs in a multi-CSI report  corresponding to multiple sub-configurations of a CSI report configuration, the following Option 1 could be considered: 
· Option 1: assigning reporting priority level 0 to all WB CSIs, reporting priority  to all even SB CSIs, and reporting priority level  to all odd SB CSIs. The mapping order of the CSIs in Part 2 priorities 0,  and  is the same used in Part 1.

Option 2:
Practically, the capacity of PUCCH is rather limited. Apart from the network energy saving operation, there are also many other legacy network operations that rely on the CSI feedback carried in PUCCH transmission. If the number of N or L is large, the corresponding CSI reports with different sub-configurations may impact the CSI reports of other legacy operations. 

Observation 8: If the number of N or L is large, the corresponding CSI reports with different sub-configurations may impact the CSI reports of other legacy operations.

To minimize the impact of CSI reports of other legacy operations, some of CSI reports of corresponding adaptation patterns/sub-configurations can be prioritized, i.e. with UCI mapping to Part 1 CSI if the CSI report consists of two parts, and other de-prioritized adaptation patterns/sub-configurations and additional nice-to-have information for assisting gNB determination and selection of adaptation pattern can be consider to be carried in the Part 2 CSI. For instance, with total of 6 sub-configurations for a CSI reporting, the gNB may explicitly/implicitly configure the UE to prioritize the CSI report of sub-configuration#0, #3 and#4 in Part 1 CSI, i.e. with increasing order of sub-configuration index, and the down prioritized CSI report of sub-configuration#1, #2 and#5 can be carried in Part 2 CSI.

Proposal 14: To minimize the impact of CSI reports of other legacy operations, some of CSI reports of adaptation patterns/sub-configurations can be prioritized with UCI mapping to Part 1 CSI, and other de-prioritized adaptation patterns/sub-configurations and additional assistance information for gNB determination and selection of adaptation pattern can be considered to be carried in the Part 2 CSI.

CPU occupation, active CSI-RS resource/port counting
On the CPU occupation due to computing CSIs for multiple sub-configurations, the following agreement were made in RAN1#113 for the periodic CSI reporting and the aperiodic/semi-persistent reporting, respectively:

	Agreement
[bookmark: _Hlk141020882]Alt 2: For P-CSI reporting from L configured sub-configurations, support:
· All L configured sub-configurations are reported in every periodic occasion.
· The maximum value of L can be different for A-CSI, SP-CSI, and P-CSI. 
· , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement. (N=L in the equation)
· FFS: Details on active CSI-RS resource / port counting

Agreement
For spatial domain adaptation or power domain adaptation, for CSIs reporting corresponding to N indicated sub-configurations from L sub-configurations in a CSI report, for the case without CSI payload reduction
· , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement.
· the summation is over N for A-CSI RS
· This is for CSI processing criteria for NES in Clause 5.2.1.6 of TS 38.214




On the second agreement, we propose to clarify that: For semi-persistent/aperiodic reporting, N should be adopted as the UE is required to compute N (out of L) CSIs, so N CPUs would be occupied due to such computations.

Proposal 15: For spatial domain adaptation or power domain adaptation, for CSIs reporting corresponding to N indicated sub-configurations from L sub-configurations in a CSI report for semi-persistent/aperiodic reporting, support the following:
· , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement.

Based on legacy framework as defined in TS 38.214, in any slot, the UE is not expected to have more active CSI-RS ports or active CSI-RS resources in active BWPs than reported as capability. For the active CSI-RS resource/port counting for CSI reporting of multiple sub-configurations, similar approach as in legacy could be adopted wherein if a CSI-RS resource is referred X times by one or more CSI Reporting Setting, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted X times. Specifically, if a CSI-RS resource and a corresponding CSI-RS antenna port(s) are referred by X sub-configurations of one (or more) ‘active/triggered’ CSI report configuration, then this CSI-RS resource and the CSI-RS port(s) are each counted X times.
Proposal 16: For the active CSI-RS resource/port counting for CSI reporting of multiple sub-configurations of one (or more) CSI report configuration: if a CSI-RS resource and a corresponding CSI-RS antenna port(s) are referred by X sub-configurations, then the CSI-RS resource and the CSI-RS port(s) are each counted X times.

Triggering multiple CSIs for semi-persistent and aperiodic CSI reporting
On the triggering of multiple CSIs for SP and AP CSI reporting, the following RAN1#113 agreement was reached:
	Agreement
For N>=1 CSI reporting corresponding to N out of L sub-configurations in one reportConfig where each sub-configuration corresponding to an SD adaptation pattern or/[and] a powerControlOffset value, 
· For A-CSI and SP-CSI on PUSCH report, support DCI-based triggering
· For A-CSI-RS, CPU and CSI-RS resource/port counting depend on N indicated sub-configurations
· FFS: How to do the counting
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
· For SP-CSI on PUCCH report, support MAC-CE-based triggering
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
Note: UE complexity reduction is not precluded
· For DCI-based triggering, 
· Alt 1: A triggering state corresponding to N sub-configurations is indicated via the existing CSI request field in DCI. Different triggering states could represent different subsets of L sub-configurations.
· The DCI is UE specific (in this case, legacy DCI format applies) 
· For MAC-CE based triggering 
· Opt 2: An indication to select to N sub-configurations in a MAC-CE is supported
· It is up to RAN2 to decide the signaling designs of the MAC-CE (including whether it is a new MAC CE or an existing MAC CE)
· Only one MAC CE is used for this triggering


For semi-persistent (SP) CSI on PUCCH: As can be seen from the above agreement, 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. To trigger the work on the MAC CE design details soon, we suggest sending an LS to RAN2.
Proposal 17: Send an LS to RAN2 to trigger the work on the MAC CE design details to enable MAC CE based activation/selection of N sub-configurations for semi-persistent CSI on PUCCH.

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 9: 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 4 below.
[image: ]
Figure 4: Illustration of legacy CSI derivation based on multiple reference signals measurement resources/occurrences/samples.
Observation 10: Spatial adaptation may impact CSI computation/derivation, and this includes channel measurements and interference measurements.
Proposal 18: Support that the CSI computation/derivation operation is impacted due to switching to a new spatial pattern, considering channel and interference measurements.

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 11: 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 12: 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 19: 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/PDCCH, 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.
Weighing the pros and cons of the above options, we prefer Option 1.
Proposal 20: Adopt the following signalling way to indicate spatial adaptation change:
· Use DCI/PDCCH to indicate the UE(s) a spatial pattern change/adaptation.

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 13: Spatial pattern adaptation may impact and require updating at least active TCI states.
Proposal 21: Consider enhancements on existing TCI state indication/activation procedures under 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 given the limited remaining time for Rel-18 completion.
Proposal 22: Deprioritize the discussions considering that the spatial adaption would impact beam failure detection and beam recovery procedures.

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



Further on the power domain adaptation, we would like to discuss on the possible configurations. 
We think that UE can be configured multiple power offsets but 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 and overhead, 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 or a large CSI report for high number of power offsets is not an optimum solution.
Observation 14: Determination of the appropriate power reduction to be applied on PDSCH might either require larger number of power offsets and larger CSI reports or increased delay.   
According to the agreement in RAN1#112 meeting above, RAN1 should consider methods to reduce overhead associated with CSI reports based on multiple hypothetical powerControlOffset values. One way to reduce the overhead is to include new content to the CSI reports as mentioned in the RAN1#112 agreement. Instead of gNB asking UE to measure and report CSI based on many offset values, UE could determine and send to gNB additional information indicating if and how much PDSCH power could be reduced without adverse effects to bit rate compared to the legacy powerControlOffset. This is essential information for the network to optimize such power adaptations. As it may not be practical in all situations to achieve the same performance with a reduced power (compared to no reduction), some provisions need to be made to allow an acceptable performance degradation. From this perspective, the network may assist the UE in determining appropriate power reduction and provide the UE with an additional PowerControlOffset, corresponding to maximum power reduction possible that ensures the performance degradation remains acceptable, and so certain criteria related to performance degradation that must be met can be sent to the UE. The criteria could include for example, a certain rank, CQI and/or MCS that UE might assume while deriving the power reduction. UE shall evaluate based on these aspects what is the appropriate power reduction and indicate the same along with the CSI report.
From the configuration perspective, the criteria can be configured as shown in the example below. The parameters may be optional so that the network has flexibility in choosing what is appropriate for a certain deployment. The parameter design can be left to RAN2 discussion.
sub-configuration#1
· additionalPowerControlOffset = -6dB 
· powerReductionCriteria 
· cqiReduction
sub-configuration#2
· additionalPowerControlOffset = -3dB  
· powerReductionCriteria
· riReduction 
CSI-ReportConfig 
   list-of-sub-configurations

Proposal 23: CSI reporting is enhanced by adding information on how much PDSCH power can be reduced while still maintaining the acceptable performance level as determined and configured by the network.
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 24: For PDSCH power reduction, RAN1 focus is on power adaptation between CSI-RS and PDSCH.
Regarding the need to support A1-1-power in the RAN1#112bis agreement, it is easy to see that in the scenario of A1-1-power, a resource has only one power offset value. Moreover, in A1-2-power, each recourse can have one or more power offset values. Therefore, A1-1-power is already supported by A1-2-power.  
Proposal 25: Configuration A1-1-power is not needed as it is just a special case of the A1-2-power.
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 to the UE would be beneficial. According to the agreement in RAN1#112, informing UE on PDSCH transmission power change due to adaptation should also be considered. 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 15: 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 16: 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 26: 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).

Joint operation of SD and PD adaptations
In RAN1#113, the below agreement was made regarding the support of joint operation of the spatial domain (SD) and power domain (PD) adaptations. As can be noticed, this is a high-level agreement without any details. 
	Agreement
Joint operation of SD and PD adaptation is supported.


[bookmark: _Hlk141086672]
In our view, the joint operation of SD and PD adaptations should only be supported with minimum specs effort. Considering at least the baseline framework/case, a sub-configuration for any of these two adaptations would potentially consist of or correspond to: one or more CSI-RS resources and a power control offset.
Hence, from CSI acquisition perspective, the joint operation of SD and PD adaptations would simply consist in the gNB configuring/indicating a UE to compute CSIs for a mix of SD and PD sub-configurations.
Observation 17: At least for the baseline framework, from CSI acquisition perspective, the joint operation of SD and PD adaptation would simply consist in the gNB configuring/indicating a UE to compute CSIs for sub-configurations enabling a mix of SD and PD adaptations.
Consider the following example of CSI-RS resources and power control offsets:
· CSI-RS resource #1; powerControlOffset #1, powerControlOffset #2.
· CSI-RS resource #2; powerControlOffset #3.
Using the above example, three sub-configurations could be formed considering the baseline framework: 
· sub-configuration #1: CSI-RS resource #1; powerControlOffset #1
· sub-configuration #2: CSI-RS resource #1; powerControlOffset #2
· sub-configuration #3: CSI-RS resource #2; powerControlOffset #3
Sub-configurations #1 and #2 would basically enable CSI acquisition for PD adaptation, and sub-configurations #1/#2 and #3 would enable CSI acquisition for (Type 2) SD adaptation. Thus, at least for the baseline case, from CSI acquisition perspective, the joint operation of SD and PD adaptations would basically consist in e.g., triggering (at a time) CSI reporting for sub-configurations #1, #2, and #3.
Based on the above, it seems that the joint operation of SD and PD adaptations can be supported without any special considerations except a potential need for configuring/indicating more sub-configurations.
Observation 18: The joint operation of SD and PD adaptations could be supported without any special considerations, except a potential need for configuring/indicating more sub-configurations in a CSI report configuration.
Proposal 27: At least for the baseline framework, from CSI acquisition perspective, the agreed joint operation of SD and PD adaptations should be enabled by allowing the gNB configuring/indicating a UE to compute CSIs for sub-configurations enabling a mix of SD and PD adaptations, without (additional) specification impact.

Conclusions
In this contribution, we have the following observations and proposals:
On the techniques in spatial domain:
Observation 1: 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 2: Adapting the sub-band configuration for different sub-configurations (corresponding to different spatial patterns) 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 1: For CSI report configuration for Type 1 and Type 2 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.
Proposal 2: RAN1 should avoid creating dependencies between CSIs of different sub-configurations as much as possible when not needed/feasible.
Proposal 3: For CRI reporting for Type 1/Type 2 SD adaptation, support the following legacy behavior but now per CSI report sub-configuration as follows:
· If a sub-configuration includes or is associated with more than one CSI-RS resource (for channel measurements), then CRI selection and thus reporting is needed for that sub-configuration. 
· Otherwise, if a sub-configuration includes or is associated with a single CSI-RS resource (for channel measurements), then CRI reporting is not needed for that sub-configuration.
Proposal 4: For Type 1 SD adaptation, for reporting multiple CSIs corresponding to different spatial patterns, deprioritize the scheme where a common PMI reporting could be configured among spatial patterns.
Proposal 5: For PD adaptation / Type 2 SD adaptation, deprioritize common/shared PMI schemes based on correlation properties which would require extensive discussions and evaluations. 
Observation 3: PMI is calculated conditioned on the reported CRI and RI.
Observation 4: For PD adaptation / Type 2 SD adaptation, there are some cases where reporting one PMI for at least two sub-configurations would be possible by design and without performance degradation. 
· This results from the fact that PMI is calculated conditioned on the (reported) CRI and RI.
Observation 5: For PD adaptation / Type 2 SD adaptation, if at least two sub-configurations are associated e.g., to a same CSI-RS resource (either by selected CRI or by configuration) or potentially to a same selected CRI, given that PMI is calculated conditioned on the CRI and RI, reporting one PMI is enough based on the following cases.
· Case 1: rank indicator is the same for the at least two sub-configurations. That is because the PMI is the same for the sub-configurations in this case.
· Case 2: rank indicator is different for the sub-configurations. In this case, it’s reasonable to assume that the PMI calculated for different rank hypotheses of the same CSI-RS resource share the strongest layers, for example the first two layers in a rank-4 PMI should be the same as the layers of a rank-2 PMI. This assumption should be even stronger for W1 (i.e., WB PMI).
Proposal 6: If enhancements on PMI reporting are to be further discussed in RAN1, only support considerations based on the following: 
For PD adaptation / Type 2 SD adaptation, if at least two sub-configurations are associated to a same CSI-RS resource (either by selected CRI or by configuration) or potentially to a same selected CRI, consider reporting only one PMI for these sub-configurations as follows:
· Case 1: when the rank indicator is the same for the sub-configurations, the PMI is reported in the CSI of the sub-configuration e.g., with the lower index, i.e., the PMI is omitted from the CSIs of the other sub-configurations.
· Case 2: when the rank indicator is different for the sub-configurations, the PMI or WB PMI part (i.e., W1) is reported in the CSI of the sub-configuration with the highest rank indicator, i.e., the PMI or WB PMI part is omitted from the CSIs of the other sub-configurations.
Proposal 7: For reporting multiple CSIs corresponding to different spatial patterns, do not support enhancements on RI reporting.
Proposal 8: 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. 
· Do not support differential CQI across sub-configurations.
Observation 6: The report quantities 'cri-RI-i1-CQI', 'cri-RI-CQI', and 'cri-RI-i1' are not typical. And supporting these report quantities would incur additional specification effort, which would potentially be better to avoid at this late stage of the discussions. 
Proposal 9: RAN1 to conclude on whether the following report quantities should be supported or not for the Rel-18 spatial/power domain adaptation techniques: 'cri-RI-i1-CQI', 'cri-RI-CQI', and 'cri-RI-i1'.
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 10: 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 11: For the reporting of N CSIs, corresponding to different sub-configurations/ spatial patterns, in a CSI reporting instance, do not introduce changes to the existing priority function.
Proposal 12: Follow the legacy rule of priority for omission, where the priority of the CSI report containing CSIs for multiple sub-configurations, is determined according to the clause 5.2.5 of TS 38.214.

Proposal 13: Regarding the UCI mapping of the CSIs in a multi-CSI report  corresponding to multiple sub-configurations of a CSI report configuration, the following Option 1 could be considered: 
· Option 1: assigning reporting priority level 0 to all WB CSIs, reporting priority  to all even SB CSIs, and reporting priority level  to all odd SB CSIs. The mapping order of the CSIs in Part 2 priorities 0,  and  is the same used in Part 1.
Observation 8: If the number of N or L is large, the corresponding CSI reports with different sub-configurations may impact the CSI reports of other legacy operations.
Proposal 14: To minimize the impact of CSI reports of other legacy operations, some of CSI reports of adaptation patterns/sub-configurations can be prioritized with UCI mapping to Part 1 CSI, and other de-prioritized adaptation patterns/sub-configurations and additional assistance information for gNB determination and selection of adaptation pattern can be considered to be carried in the Part 2 CSI.
Proposal 15: For spatial domain adaptation or power domain adaptation, for CSIs reporting corresponding to N indicated sub-configurations from L sub-configurations in a CSI report for semi-persistent/aperiodic reporting, support the following:
· , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement.
Proposal 16: For the active CSI-RS resource/port counting for CSI reporting of multiple sub-configurations of one (or more) CSI report configuration: if a CSI-RS resource and a corresponding CSI-RS antenna port(s) are referred by X sub-configurations, then the CSI-RS resource and the CSI-RS port(s) are each counted X times.
Proposal 17: Send an LS to RAN2 to trigger the work on the MAC CE design details to enable MAC CE based activation/selection of N sub-configurations for semi-persistent CSI on PUCCH.
Observation 9: 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 10: Spatial adaptation may impact CSI computation/derivation, and this includes channel measurements and interference measurements.
Proposal 18: Support that the CSI computation/derivation operation is impacted due to switching to a new spatial pattern, considering channel and interference measurements.
Observation 11: 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 12: 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 19: 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 20: Adopt the following signalling way to indicate spatial adaptation change:
· Use DCI/PDCCH to indicate the UE(s) a spatial pattern change/adaptation.
Observation 13: Spatial pattern adaptation may impact and require updating at least active TCI states.
Proposal 21: Consider enhancements on existing TCI state indication/activation procedures under spatial pattern adaptation.
Proposal 22: Deprioritize the discussions considering that the spatial adaption would impact beam failure detection and beam recovery procedures.

On the techniques in power domain:
Observation 14: Determination of the appropriate power reduction to be applied on PDSCH might either require larger number of power offsets and larger CSI reports or increased delay.   
Proposal 23: CSI reporting is enhanced by adding information on how much PDSCH power can be reduced while still maintaining the acceptable performance level as determined and configured by the network.
Proposal 24: For PDSCH power reduction, RAN1 focus is on power adaptation between CSI-RS and PDSCH.
Proposal 25: Configuration A1-1-power is not needed as it is just a special case of the A1-2-power.
Observation 15: The UE might benefit from receiving some information about the PDSCH power change in order to optimize its processing related to PDSCH reception.
Observation 16: 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 26: 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).

On the joint operation of SD and PD adaptations:
Observation 17: At least for the baseline framework, from CSI acquisition perspective, the joint operation of SD and PD adaptation would simply consist in the gNB configuring/indicating a UE to compute CSIs for sub-configurations enabling a mix of SD and PD adaptations.
Observation 18: The joint operation of SD and PD adaptations could be supported without any special considerations, except a potential need for configuring/indicating more sub-configurations in a CSI report configuration.
Proposal 27: At least for the baseline framework, from CSI acquisition perspective, the agreed joint operation of SD and PD adaptations should be enabled by allowing the gNB configuring/indicating a UE to compute CSIs for sub-configurations enabling a mix of SD and PD adaptations, without (additional) specification impact.

References
[1] R1-2306473, “Enhancements on cell DTX/DRX mechanism”, Nokia, Nokia Shanghai Bell, August 21st – 25th, 2023.
[2] [bookmark: _Ref134772066]R1-2303603, “Techniques in spatial and power domains”, Qualcomm, RAN1#112bis-e, April 17th- 26th, 2023.

	
	
	



image1.png
CSIreport configuration {sub-configuration #1, sub-configuration #2, ...}

sub-configuration #1: CSI-RS resource #1, Power control offset #1
sub-configuration #2: CSI-RS resource #1, Power control offset #2

- CSIs for sub-configuration #1 and sub-
configuration #2 are associated to the
same CSI-RS resource by configuration
- Rank indicator is the same for both
sub-configurations

CSI for sub-configuration #1

PMI reported in the CSI
of the sub-configuration

CSI part 1

CSI part 2

CQI RI

with lower index

——)

PMI is omitted from the

CSI for sub-configuration #2

CSI of the other sub-
configuration

CSI part 1

CSI part 2

RI





image2.png
Part1
CSlreport #1

Part1
CSlreport #2

Part1 Part1
Sub-config Sub-config
CSI#1 CSI#N

Part1
Sl report i,

T

Part 1
Multi-CS| report #n





image3.png
Priority 0
It

part2wB | Part2wB ;:l:‘i:fg ;:l:‘i\r"‘;:ag Part2 W8
Csireport #1 | CSl report #2 P oo S repoti,
_____ r .
Part 2WB
Multi-CSl report #n
Priority Priority
Priority 2 Priority 2n— 1 Priority 2n 2, — 2N,
A A A L
: Part 2 odd Part 2 odd
Part2evenSB PH”SZEG‘“ P;';‘;zi’;f; ;‘;‘;zi’;ﬁ; B T s Part2evenSB PH”SZEG‘“
CSlreport #1 Sub-config * Sub-config CSlreport iy,
CSlreport #1 csi#1 csi#n P e S report i,
T T
Part 2 even SB Part 2 odd SB

Multi-CSI report #n

Multi-CS| report #n





image4.png
CSI-RS measurement

resources/samples/occurences
5

CSl reference resource S| report

time

\ J
i
UE uses some or all of these resources/occurences for channel

(/ interference) measurements to derive corresponding CSI

NOTE: UE is (only) mandated to derive CSI using resources not after the CSl reference
resource — in case timeRestrictionForChannelMeasurements is not configured





 


 


 


 


 


 


 


 


3GPP TSG RAN WG1 Meeting


 


#


1


1


4


 


R1


-


230


6472


 


Toulouse


, 


France


, 


August 21


-


25


,


 


20


2


3


 


 


Agenda item:


 


 


9


.


7


.


1


 


Source:


 


Nokia


, 


Nokia


 


Shanghai Bell


 


Title:


 


 


Techniques in Spatial and Power Domains


 


Document for:


 


 


D


iscussion and Decision


 


 


1


 


Introduction


 


Based on the 


WI description in 


RP


-


223540


, the following 


objective 


ha


s


 


been 


agreed


 


on NW energy saving 


techniques in s


patial


 


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 port


s, 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 obje


ctives are only for UE specific channels/signals


 


·


 


Note: Legacy UE CSI/CSI


-


RS capabilities applies when considering total number of CSI reports and 


requirements


 


RAN1#1


12


 


was the first meeting where the above Rel


-


18 objective


s


 


w


ere


 


discussed.


 


In this contrib


ution, we 


continue the 


discuss


ions


 


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


,


 


RAN1#112bis


-


e


, and RAN1#113


 


for which the related FL summaries can be found in


 


R1


-


2301964


 


&


 


R1


-


2301965


 


&


 


R1


-


2301966


,


 


R1


-


2304270


,


 


and 


R1


-


2306030


 


& 


R1


-


230603


1 & 


R1


-


230603


2 & 


R1


-


230603


3,


 


respectively


.


 


I


n our 


co


mpanion contribution, we discuss 


the 


enhancements on cell DTX/DRX mechanism 


[1]


.


 


2


 


Techniques in Spatial domain


 


In the previous RAN1 meetings, several agreements were reached regarding the Techniques in 


Spatial domain. 


In 


the following, we discuss some of the remaining open points


 


for such techniques


.


 


2.1


 


Enhancement


s


 


on CSI measurement and reporting


 


to enable 


spatial 


adapt


ation


 


2.1.1


 


CSI re


source


 


and


 


re


port


 


configurations


 


 


In RAN1#113, the following 


agreements were made regarding the enhancements CSI resource and report configuration


s


 


to 


enable


 


spatial adaptation.


 


 


Agreement:


 


Confirm the working assumption with the following update (in 


red


)


 


-


 


Al


-


1


-


revised and A1


-


2


-


revised are supported


 




   

 

   

  3GPP TSG RAN WG1 Meeting   # 1 1 4   R1 - 230 6472   Toulouse ,  France ,  August 21 - 25 ,   20 2 3     Agenda item:     9 . 7 . 1   Source:   Nokia ,  Nokia   Shanghai Bell   Title:     Techniques in Spatial and Power Domains   Document for:     D iscussion and Decision     1   Introduction   Based on the  WI description in  RP - 223540 , the following  objective  ha s   been  agreed   on NW energy saving  techniques in s patial   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 port s, 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 obje ctives are only for UE specific channels/signals      Note: Legacy UE CSI/CSI - RS capabilities applies when considering total number of CSI reports and  requirements  

RAN1#1 12   was the first meeting where the above Rel - 18 objective s   w ere   discussed.   In this contrib ution, we  continue the  discuss ions   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 ,   RAN1#112bis - e , and RAN1#113   for which the related FL summaries can be found in   R1 - 2301964   &   R1 - 2301965   &   R1 - 2301966 ,   R1 - 2304270 ,   and  R1 - 2306030   &  R1 - 230603 1 &  R1 - 230603 2 &  R1 - 230603 3,   respectively .   I n our  co mpanion contribution, we discuss  the  enhancements on cell DTX/DRX mechanism  [1] .   2   Techniques in Spatial domain   In the previous RAN1 meetings, several agreements were reached regarding the Techniques in  Spatial domain.  In  the following, we discuss some of the remaining open points   for such techniques .   2.1   Enhancement s   on CSI measurement and reporting   to enable  spatial  adapt ation   2.1.1   CSI re source   and   re port   configurations     In RAN1#113, the following  agreements were made regarding the enhancements CSI resource and report configuration s   to  enable   spatial adaptation.    

Agreement:   Confirm the working assumption with the following update (in  red )   -   Al - 1 - revised and A1 - 2 - revised are supported  

