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1	Introduction
In Rel-18 NR, RAN1 has been specifying NES techniques in spatial and power domains, based on the following Rel-18 WID (RP-223540):
	Specify the following techniques in spatial and power domains
· [bookmark: _Hlk124010243]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 discuss some of the RAN2 aspects to enable those techniques.

2	Discussion
Post RAN1#114, RAN1 agreed on the LS R1-2308674 which includes the following information to RAN2:
	RAN1 would also like to include two additional information to RAN2 (not necessarily RRC related) in this LS regarding Rel-18 MIMO and Network energy saving WIs:
…..
· For R18 network energy savings, RAN1 in RAN1#113 has agreed the following related to MAC-CE. RAN1 respectfully asks RAN2 to take this into account in their future work.

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




Based on the above RAN1 LS, RAN2 need to specifically consider the highlighted text in yellow (in the above agreement) and design MAC CE-based indication to enable the selection of N, out of L, sub-configurations for semi-persistent (SP) CSI reporting on PUCCH. In other words, for a UE configured (via RRC) with a CSI report configuration including a list of L sub-configurations, gNB should be able to select or activate via MAC CE a subset/set of N sub-configurations from the list of configurations.
It’s worth noting that, based on the RAN1 agreement copied below, it’s assumed that N≤ L and N>=1.

	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  ) 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



Existing MAC CE design for activation/deactivation of SP CSI reporting on PUCCH is copied below (from TS 38.321). As can be seen there, the MAC CE-based activation/deactivation is done on per CSI report configuration level, via bits Si. Considering Rel-18 NES, a CSI report configuration is configured with L sub-configurations, and the MAC CE-based indication should enable activation/deactivation or selection of N out of L sub-configurations. 

	[bookmark: _Toc29239894][bookmark: _Toc37296293][bookmark: _Toc46490424][bookmark: _Toc52752119][bookmark: _Toc52796581][bookmark: _Toc131023542]6.1.3.16	SP CSI reporting on PUCCH Activation/Deactivation MAC CE
The SP CSI reporting on PUCCH Activation/Deactivation MAC CE is identified by a MAC subheader with LCID as specified in Table 6.2.1-1. It has a fixed size of 16 bits with following fields:
-	Serving Cell ID: This field indicates the identity of the Serving Cell for which the MAC CE applies. The length of the field is 5 bits;
-	BWP ID: This field indicates a UL BWP for which the MAC CE applies as the codepoint of the DCI bandwidth part indicator field as specified in TS 38.212 [9]. The length of the BWP ID field is 2 bits;
-	Si: This field indicates the activation/deactivation status of the Semi-Persistent CSI report configuration within csi-ReportConfigToAddModList, as specified in TS 38.331 [5]. S0 refers to the report configuration which includes PUCCH resources for SP CSI reporting in the indicated BWP and has the lowest CSI-ReportConfigId within the list with type set to semiPersistentOnPUCCH, S1 to the report configuration which includes PUCCH resources for SP CSI reporting in the indicated BWP and has the second lowest CSI-ReportConfigId and so on. If the number of report configurations within the list with type set to semiPersistentOnPUCCH in the indicated BWP is less than i + 1, MAC entity shall ignore the Si field. The Si field is set to 1 to indicate that the corresponding Semi-Persistent CSI report configuration shall be activated. The Si field is set to 0 to indicate that the corresponding Semi-Persistent CSI report configuration i shall be deactivated;
-	R: Reserved bit, set to 0.


[bookmark: _Hlk146562858]Figure 6.1.3.16-1: SP CSI reporting on PUCCH Activation/Deactivation MAC CE



In the following, we focus on the typical cases where L >1, since for the case L=1 existing MAC CE could be reused as there is no sub-configuration selection to make as such. 
First aspect to decide is whether to introduce a new MAC CE or to enhance existing MAC CE for the selection of N sub-configurations. 
· In our view, it should be enough to consider enhancing the existing MAC CE in such a way to enable, for a CSI report configuration, activation or selection of N out of L sub-configurations. The UE would determine whether the MAC CE is an enhanced MAC CE, which could carry sub-configuration selection, based on whether an Si bit is set to 1 and the corresponding CSI report configuration is configured with a list of sub-configurations (assuming that L >1 here).
· Note that opting for a new MAC CE would also be possible however it requires a new LCID, and this may not be preferrable.
Proposal 1: For sub-configurations activation (/deactivation) or selection for a CSI report configuration for SP reporting on PUCCH, opt for enhancing existing ‘SP CSI reporting on PUCCH Activation/Deactivation’ MAC CE.
As one approach, sub-configuration selection for a CSI report configuration would be valid if the corresponding Si bit is set to 1, i.e., the CSI report configuration needs to be active in order to do selection of sub-configurations configured under this CSI report configuration. Then, this selection could be simply done via a bitmap indication in the MAC CE, where each bit of the bitmap would correspond to a sub-configuration and provide the status on whether this sub-configuration is selected/activated or not.
Proposal 2: For enhanced MAC CE to enable sub-configurations selection for a CSI report configuration for SP CSI reporting on PUCCH, if the corresponding Si bit (in the MAC CE) for the CSI report configuration is set to 1, then MAC CE indicates the sub-configuration selection using a bitmap.

Further, on the approach for enhancing the existing MAC CE for sub-configuration selection indication for a CSI report configuration, one of the following options could be considered regarding which bits/fields to carry the indication (specifically bitmap):
· Option 1: Use reserved bits in the existing MAC CE to enable indication of selection or activation (/deactivation) of N sub-configurations.
· [bookmark: _Hlk146705235]Option 2: Use additional octet(s) for the indication of selection or activation (/deactivation) of N sub-configurations. The additional octet would be considered in the MAC CE in case bit Si =1, as the CSI report configuration needs to be active in order to do selection of sub-configurations configured under this CSI report configuration.

To decide between the above options, and to be able to work on MAC CE design details under each option, RAN2 would potentially need to first wait to know the following information (at least for SP CSI reporting on PUCCH) from RAN1:
· Maximum value of L
· Whether there could only be a single CSI report configuration with a list of sub-configurations active/configured at a time, or more than one CSI report configuration each with a list of sub-configurations could be active/configured at a time.  

 Proposal 3: RAN2 to wait for or ask RAN1 input on the following aspects before discussing the MAC CE design details to enable indication of sub-configuration selection for SP CSI reporting on PUCCH: 
· Maximum value of number (L) of sub-configurations that could be configured in CSI report configuration.
· Whether more than one CSI report configuration each with a list of sub-configurations could be active/configured at a time.




3	Conclusion
 Proposal 1: For sub-configurations activation (/deactivation) or selection for a CSI report configuration for SP reporting on PUCCH, opt for enhancing existing ‘SP CSI reporting on PUCCH Activation/Deactivation’ MAC CE.
Proposal 2: For enhanced MAC CE to enable sub-configurations selection for a CSI report configuration for SP CSI reporting on PUCCH, if the corresponding Si bit (in the MAC CE) for the CSI report configuration is set to 1, then MAC CE indicates the sub-configuration selection using a bitmap.

 Proposal 3: RAN2 to wait for or ask RAN1 input on the following aspects before discussing the MAC CE design details to enable indication of sub-configuration selection for SP CSI reporting on PUCCH: 
· Maximum value of number (L) of sub-configurations that could be configured in CSI report configuration.
· Whether more than one CSI report configuration each with a list of sub-configurations could be active/configured at a time.
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