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In RANP#98 meeting, a new work item of “network energy savings for NR” is approved [1]. One objective of the work item is the following:
3. Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements
In this contribution, we provide our views on the potential enhancements on CSI measurement and reporting for network dynamic adaptation of spatial elements.
Discussion
Association between CSI resource and CSI report
In this document, we further discuss the remaining issue for the CSI resource and report association. But before that, we first take a quick overview on the differences between legacy CSI association framework and the R18 recently agreed enhancements. In the legacy framework, the linkage is directly between the CSI report configuration and CSI resource configuration. Then as the CSI resource configuration may contain a list of resource sets, thus, in the associated CSI report configuration, the network further selects one resource set for the channel measurement. Thus, the UE will naturally measure the CSI RS resources within the selected CSI resource set as shown in Fig. 1. This framework is quite clear and clean. But when it comes to our newly agreed enhancement, i.e. the RAN1 agreement in below, the details of the association may need further considerations. 

	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 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
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.




A1-2-revised for type 1
In this case, the CSI RS resource set may configure one or more CSI RS resources, where the CSI RS resources may further be configured with different spatial elements, e.g. number of antenna ports. But each CSI RS resource can only configure one spatial element pattern. Therefore, the legacy association can be workable, together with the newly agreed enhancement to use bitmap to select the CSI RS resource. The details can be as follows:
A CSI report configuration is first linked to a CSI resource configuration. Then as in legacy case the CSI report configuration can select a CSI RS resource set from a list of the resource sets configured in the CSI resource configuration for channel measurement. Then in the report sub-configuration, the network can further use bitmap to select the subset of the CSI RS resources that have the matched spatial elements with the report sub-configurations. One example is given as follows: assume that there are two CSI RS resources configured in one CSI RS resource set and the CSI RS resource set is selected by the report configuration for the channel measurement. Then the bitmap bits in the sub-configuration can follow a rule that the number of bits is equal to the maximum number of different antenna ports supported in one CSI RS resource set, e.g. 12 (supporting antenna ports 2, 4, 8, 12, 16, 24, 32). Moreover, bitmap ordering can be such that the LSB bit corresponds to the smallest antenna port number and the MSB corresponds to the largest antenna port number. Alternatively, the number of bits can be derived from the number of CSI RS resources being actually configured with different antenna ports.
Proposal 1: For A1-2-revised for type 1 SD, the bitmap under each sub-configuration contains X bits, where X is equal to 12; or X is equal to the number of different antenna port number actually configured for the selected CSI RS resource set. 
Proposal 2: For A1-2-revised for type 1 SD, the bitmap ordering follows: LSB indicating the smallest antenna port number, and MSB indicating the largest antenna port number. 
CSI processing CPU 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



In legacy CSI framework, the thumb rule is to require the UE to report the CSI as long as the CPU is not all occupied; otherwise, the UE will select subset CSI to report according to the specified priority rule. The UE will need to report up to M CSI reports such that , where L is the occupied CPU,  is the total CPU and the  is the required CPU for i-th CSI report corresponding to i-th CSI report configuration. For calculating the , its value is equal to either  or  depending on report quantity, CSI bandwidth, and codebook type, where  is the number of CSI RS resources for channel measurement.  
In last meeting, RAN1 has made some agreement on the CPU counting, but what we should further discuss is that whether all the CSI RS resources should be counted. For example for A1-2-revised for type 1, where the sub-configuration may use bitmap to indicate that some of the antenna ports are switched off. Based on the bitmap indication, some CSI RS resources may not be activated. This such CSI RS resource should not be counted. 
Proposal 3: For , UE counts the number of active CSI RS resources for the channel measurement according to the sub-configuration bitmap indication. 
Further discussion on aperiodic CSI triggering
In last meeting, the following agreement was made:
	· 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) 



Although it was agreed to follow legacy DCI triggering fashion by making the triggering state being associated with N sub-configurations, we still need to decide the maximum number of the sub-configurations per trigger state. In legacy case, a trigger state can trigger maximum 16 report configurations, thus we think this could be the baseline also for NES.
Proposal 4: the maximum number of sub-configurations per trigger state is 16.  
P-CSI report configuration
For P-CSI reporting, the main concern from some companies is the UE complexity. It is true though by setting N=1, L>1, can still allow the network collect multi-CSI information from single CSI report configuration. However, in order to support periodic multi-CSI reporting while still address the UE complexity issue and overhead issue (due to limited resource of PUCCH), we can limit the maximum number of N=2. 
Proposal 5: For P-CSI reporting, RAN1 may consider N=1 or N=2, with L>1, which allows NES to support multi-CSI reporting via single CSI report configuration and at the same time addressing the overhead issue in PUCCH and UE complexity issue by limiting the maximum number of Nmax=2. 
CSI overhead reduction
It has been discussed the motivations for CSI overhead reduction. First of all, for AP-CSI, the CSI reporting is transmitted in PUSCH. Thus, the overhead issue can be relieved to some extent, by assuming that the N CSI can be affordable in PUSCH. For SP-CSI, the N CSI can be transmitted either in PUSCH or PUCCH. If the PUSCH is used to transmit N CSI (e.g. SP-CSI activated by DCI), the overhead issue can also be relieved to some extent. But if the SP-CSI is acitvated by MAC-CE, PUCCH will carry the N CSI, which causes the overhead issue. Given the limited time for the R18 WI, the reasonable way forward could be that let NES to at least support AP-CSI, SP-CSI with N CSI reported in PUSCH, and P-CSI with maximum number of N=2. Thus, all the three functions can be supported and the overhead issue is not severe. For the enhancement for CSI reduction in PUCCH can be further designed in next release. 
Proposal 6: In NES R18, RAN1 could prioritize AP-CSI, SP-CSI triggered by DCI, and P-CSI with Nmax=1 or 2, so that the NES can have all these three feedback functions without having severe overhead issue. 
Conclusion
This contribution discusses our considerations on the enhancements of spatial domain adaptation for NES and provides the following observations and proposals.
Proposal 1: For A1-2-revised for type 1 SD, the bitmap under each sub-configuration contains X bits, where X is equal to 12; or X is equal to the number of different antenna port number actually configured for the selected CSI RS resource set. 
Proposal 2: For A1-2-revised for type 1 SD, the bitmap ordering follows: LSB indicating the smallest antenna port number, and MSB indicating the largest antenna port number. 
Proposal 3: For , UE counts the number of active CSI RS resources for the channel measurement according to the sub-configuration bitmap indication. 
Proposal 4: the maximum number of sub-configurations per trigger state is 16.  
Proposal 5: For P-CSI reporting, RAN1 may consider N=1 or N=2, with L>1, which allows NES to support multi-CSI reporting via single CSI report configuration and at the same time addressing the overhead issue in PUCCH and UE complexity issue by limiting the maximum number of Nmax=2. 
Proposal 6: In NES R18, RAN1 could prioritize AP-CSI, SP-CSI triggered by DCI, and P-CSI with Nmax=1 or 2, so that the NES can have all these three feedback functions without having severe overhead issue. 
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