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1. Introduction
In this contribution, we discuss on UE features for NR NW energy savings.

2. Discussion
2.1 UE features for cell DTX and cell DRX mechanisms
Based on the WID in [1] and the discussion so far, RAN2 and RAN1 agreed to introduce cell DTX and cell DRX mechanisms in Rel-18 NW energy saving WI as below. 
· RAN2 agreed that as a baseline, cell DTX/DRX is activated/deactivated implicitly by RRC signaling.
· RAN1 agreed that the group common L1 signalling based on new DCI format 2_X for cell DTX/DRX activation and deactivation is supported and is subject to UE capability.
· RAN2 and RAN1 agreed that as a baseline, UE does not monitor some signals and channels during cell DTX non-active period and UE does not transmit some signals and channels during cell DRX non-active period.
· RAN2 and RAN1 also agreed and are discussing that UE monitors/transmits some specific signal/channel even during cell DTX/DRX non-active period.

Based on the RAN2/1 agreements, several capabilities need to be defined for reporting the support of cell DTX/DRX related mechanisms. We would like to provide our views on some possible discussion points for UE capabilities on cell DTX/DRX mechanisms.

Basic capability for the support of cell DTX/DRX mechanisms
According to the RAN2/1 agreements, the basic capability for the support of cell DTX/DRX mechanisms will be defined to include the support of RRC configurations for cell DTX/DRX (i.e., RRC based activation/deactivation) and basic UE behaviours during cell DTX/DRX non-active period. As cell DTX and cell DRX would have separate configurations, it may be natural to consider separate basic capabilities between cell DTX support and cell DRX support as well. However, we think it would be possible to consider combined basic capability for support of cell DTX and DRX mechanisms. A UE supporting the basic capability could understand the RRC configurations of cell DTX/DRX such as periodicity, start slot/offset, on duration, etc., so that the UE can apply specified behaviours during cell DTX/DRX non-active period. Although behaviours for cell DTX non-active period and behaviours for cell DRX non-active period are different (i.e., monitoring/reception related behaviours for cell DTX while transmission related behaviours for cell DRX), they are not complex such as either do monitoring/transmission as legacy or do nothing during non-active period. One combined capability could avoid fragmentation of UEs and it is beneficial especially for enabling NW energy saving mechanisms in practice.

Proposal 1: Consider the basic UE capability for support of both cell DTX and cell DRX mechanisms, including RRC configurations of cell DTX/DRX, RRC based activation/deactivation and UE behaviours during cell DTX/DRX non-active period.


L1 indication of cell DTX/DRX activation/deactivation
According to the RAN1 agreement, the support of L1 indication of cell DTX/DRX activation/deactivation by using new DCI format 2_X should be defined as separate capability from the basic one. The dynamic activation/deactivation of cell DTX/DRX may not be used in a certain operation, and the support of new DCI format and its monitoring requires new/separate capability in general (i.e., as for other introduced DCI formats). Similar to the basic capability, the capability for the support of L1 indication of cell DTX/DRX activation/deactivation based on new DCI format 2_X can also be common between cell DTX and cell DRX.

Proposal 2: Consider the UE capability for support of L1 activation/deactivation of cell DTX/DRX based on the new DCI format 2_X, including the support of monitoring for the new DCI format 2_X and corresponding RRC configurations.


Some details on cell DTX/DRX related capabilities
As discussed above, we assume at least two capabilities such as the basic capability for the support of cell DTX/DRX with RRC based activation/deactivation and the separate capability for the support of L1 indication of cell DTX/DRX activation/deactivation based on new DCI format 2_X are to be defined. The prerequisite FG of the latter one (L1 activation/deactivation support) should be the basic capability. The reporting type of these capabilities may depend on whether/how to support the handling of multiple cells.
There may be some other capabilities if agreed in RAN2 or RAN1, such as MAC-CE based activation/deactivation and switching across multiple configurations.



2.2 UE features for NES techniques in spatial and power domains
Based on the WID in [1] and the discussion so far, RAN1 agreed to introduce some enhancements in spatial and power domain adaptations in Rel-18 NW energy saving WI as below.
· RAN1 agreed to support Type-1/Type-2 spatial domain adaptation with following enhancements.
· CSI report configuration with up to L sub-configurations where each sub-configuration corresponds to an adaptation pattern
· Reporting up to N CSI(s) in one reporting instance where the N CSI(s) are associated with N sub-configuration(s)
· DCI based triggering for A-CSI and SP-CSI on PUSCH report
· MAC-CE based triggering for SP-CSI on PUCCH report
· P-CSI reporting of all L configured sub-configurations
· RAN1 agreed to support power domain adaptation with one or more power offset values per resource for one or more resources in CSI-RS resource configuration.
· RAN1 also agreed to support joint operation of SD and PD adaptation.

Based on above agreements, several capabilities need to be defined for reporting the support of enhancements for spatial and/or power domain adaptation. We would like to provide our views on some possible discussion points for UE capabilities related to spatial and power domain adaptation.

Basic capability for the support of SD adaptation mechanisms
RAN1 agreed two types of SD adaptation mechanisms, such as Type-1 and Type-2. From UE perspective, main difference between Type 1 SD and Type 2 SD would be whether each CSI-RS resource is associated with multiple spatial adaptation patterns (sub-configurations) or only one spatial adaptation pattern (sub-configuration). Other than that, there are large commonality between Type-1 SD support and Type-2 SD support such as the support of up to L sub-configurations in CSI report configuration and the support of up to N CSIs reporting in one reporting instance. Therefore, it would be beneficial to consider that the basic capability for the support of SD adaptation mechanisms includes both Type-1 SD adaptation support and Type-2 SD adaptation support. In such case, the fragmentation of UE support on either Type-1 SD or Type-2 SD can be avoided and NW can choose an appropriate adaptation mechanism according to NW implementation and CSI condition such as active UE distribution. The basic capability should also include the support of up to L (L>1) sub-configurations and up to N (L>=N>=1) CSIs in one reporting instance. It may be possible that certain reasonable numbers for L and N are supported within the basic capability while an advanced capability for the support of larger numbers for L and/or N is separately defined. As discussed below on different values of L and/or N for P-CSI/SP-CSI/A-CSI, at least L=N for P-CSI can be the part of this basic capability. However, we generally think that larger numbers of adaptation patterns can be considered together with some optimization such as overhead reduction techniques in a future release.

Proposal 3: Consider the basic UE capability for support of enhancements for both Type-1 SD and Type-2 SD adaptation, including CSI report configuration with up to L sub-configurations and reporting up to N CSI(s) in one reporting instance.
· Values for L and N should not be so large in Rel-18.
· At least a certain value for L=N for P-CSI report can be defined as part of the basic capability


Basic capability for the support of PD adaptation mechanisms
RAN1 agreed to support one or more power offset values per resource for one or more resources in CSI-RS resource configuration as enhancements for PD adaptation. Each power offset value is associated with each sub-configuration, and hence the basic framework for SD adaptation and PD adaptation could be common. On the other hand, applying only SD adaptation or only PD adaptation may be possible, and handling power offset adaptation may require separate capability. So, the capability for the support of multiple power offset values per resource can be separate capability from the basic capability for Type-1/2 SD adaptation support. It would be necessary to define maximum number of power offset values configured per resource as well as maximum number of resources with multiple power offset values, and they may or may not be necessary to be reported as part of capability.

Proposal 4: Consider the UE capability for support of multiple power offset values per resource.
· Maximum number of power offset values configured per resource as well as maximum number of re-sources with multiple power offset values are necessary to be defined.


Support of A-CSI and SP-CSI on PUSCH based on DCI based triggering and SP-CSI on PUCCH based on MAC-CE based triggering
RAN1 agreed P-CSI/SP-CSI/A-CSI reporting mechanisms for CSI report configuration with multiple sub-configurations. In Rel-15, FG2-32 is the basic CSI feedback capability including P-CSI report on PUCCH/PUSCH and A-CSI report on PUSCH, while FG2-32a and 2-32b are optional capabilities for SP-CSI report on PUCCH and PUSCH, respectively. In that sense, it would be reasonable to include the support of P-CSI report on PUCCH/PUSCH for all L sub-configurations as part of the basic capability for the SD adaptation mechanisms and part of the capability for the PD adaptation mechanism. On the other hand, the support of A-CSI with DCI-based triggering, the support of SP-CSI on PUSCH with DCI-based triggering and the support of SP-CSI on PUCCH with MAC-CE based triggering can be considered as separate capabilities. In such case, different value of L and N can be reported for each of the capabilities from the value reported for the basic capability according to the RAN1 agreement. For example, the value L(=N) for the basic capability may be smaller value as it is necessary to support reporting all L sub-configurations in P-CSI report, while the value L for the SP-CSI/A-CSI can be larger value with appropriate value of N as N can be smaller than L for SP-CSI and A-CSI.

Proposal 5: Consider the support of P-CSI report for all L sub-configurations as part of the basic capability for the support of enhancements for both Type-1 SD and Type-2 SD adaptation and the capability for the support of multiple power offset values per resource.
· The support of A-CSI with DCI-based triggering, the support of SP-CSI on PUSCH with DCI-based triggering and the support of SP-CSI on PUCCH with MAC-CE based triggering can be considered as separate capabilities and different values of L and N from one reported for the basic capability can be reported for each of the capabilities.


Joint operation of SD and PD adaptation
For the joint operation, two possibilities can be considered in terms of UE capability. First one is to define separate capability for the support of joint operation from the capabilities for the support of SD and for the support of PD, so that UE may not support joint operation even if the UE supports both SD and PD. Another one is to assume that if UE supports both SD and PD, the UE also supports the joint operation between SD and PD. In case of joint operation, each sub-configuration is associated with one adaptation pattern, i.e., combination of SD adaptation pattern and PD adaptation pattern. Therefore, the maximum number of sub-configurations i.e., L may be different from the L for SD adaptation. In that sense, it would be reasonable to define separate capability for the support of joint operation from the capabilities for the support of SD and for the support of PD.

Proposal 6: Consider the UE capability for support of joint operation between SD adaptation and PD adaptation.



3. Conclusion
In this contribution, we presented our views regarding UE features for NR NW energy saving. Based on the discussion in this contribution, following proposals were made.
Proposal 1: Consider the basic UE capability for support of both cell DTX and cell DRX mechanisms, including RRC configurations of cell DTX/DRX, RRC based activation/deactivation and UE behaviours during cell DTX/DRX non-active period.
Proposal 2: Consider the UE capability for support of L1 activation/deactivation of cell DTX/DRX based on the new DCI format 2_X, including the support of monitoring for the new DCI format 2_X and corresponding RRC configurations, separately from the basic UE capability.
Proposal 3: Consider the basic UE capability for support of enhancements for both Type-1 SD and Type-2 SD adaptation, including CSI report configuration with up to L sub-configurations and reporting up to N CSI(s) in one reporting instance.
· Values for L and N should not be so large in Rel-18.
· At least a certain value for L=N for P-CSI report can be defined as part of the basic capability
Proposal 4: Consider the UE capability for support of multiple power offset values per resource.
· Maximum number of power offset values configured per resource as well as maximum number of re-sources with multiple power offset values are necessary to be defined.
Proposal 5: Consider the support of P-CSI report for all L sub-configurations as part of the basic capability for the support of enhancements for both Type-1 SD and Type-2 SD adaptation and the capability for the support of multiple power offset values per resource.
· The support of A-CSI with DCI-based triggering, the support of SP-CSI on PUSCH with DCI-based triggering and the support of SP-CSI on PUCCH with MAC-CE based triggering can be considered as separate capabilities and different value of L from one reported for the basic capability can be reported for each of the capabilities.
Proposal 6: Consider the UE capability for support of joint operation between SD adaptation and PD adaptation.
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