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In this contribution, we share our view on the power saving related work on power saving WI and REDCAP WI. 
Power saving for REDCAP UEs
In both Rel-17 power saving enhancements WI and REDCAP SI, power saving is one of the objectives. The objective related with power saving in REDCAP SI is as following:
	Study UE power saving and battery lifetime enhancement for reduced capability UEs in applicable use cases (e.g. delay tolerant) [RAN2, RAN1]: 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]



However, we need to emphasize that Rel-16 has already introduced power saving mechanisms including WUS indication, cross-slot scheduling based power saving, and BWP-based maximum MIMO layer(s) adaptation. The following Rel-16 features can be utilized by the REDCAP UE (see next page):
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	Power saving techniques
	Can be utilized by RedCap UEs
	Detailed analysis

	PDCCH based wake-up indication 
	YES
	1) When a RedCap UE is in CONNECTED mode, it can be configured with C-DRX to save power. Wake-up indication bit before the ON duration of C-DRX cycle can be used to skip PDCCH monitoring in the C-DRX cycle to save power.
2) Dormancy indication is not needed considering RedCap UE are not likely to support CA.

	Cross-slot scheduling 
	YES
	1) Cross-slot scheduling based power saving can provide the power saving gain by avoiding unnecessary DL OFDM symbol buffering and by relaxing PDCCH processing. 
2) Cross-slot scheduling may introduce little latency increment. However, RedCap UEs with power saving requirements are usually not latency tolerant. 

	BWP based maximum MIMO layer adaptation
	YES
	1) For 2Rx UE, gNB can switch UE to a BWP with maximum MIMO layer of 1 for power saving purpose. In this case, UE can utilize one single Rx chain for power saving. 

	SCell dormancy like behaviour
	NO
	1) Dormancy like behaviour is a scheme to reduce PDCCH monitoring on SCell(s). 
2) Due to the relatively low data rate requirement, there is no need to support CA in RedCap, thus dormancy like behaviour is not needed by RedCap UEs.

	RRM relaxation for neighbour cell
	YES
	1) RRM relaxation is already part of the RedCap SID, thus the RRM relaxation schemes in Rel-16 should be utilized as baseline for RedCap.

	UE assistance information
	YES
	In Rel-16, the following assistance information are specified:
· RRC Release Request, to avoid waiting for RRC release message from gNB for a long time
· Preferred C-DRX configuration, to make C-DRX configuration more suitable 
· Preferred max aggregated Bandwidth, to make BWP parameter more suitable 
· Preferred max number of MIMO layers, to make MIMO parameter more suitable for UE’s traffic
· Preferred K0min/K2min value, to make cross-slot scheduling parameter more suitable
It is useful to let UE report necessary information to gNB, thus the above assistance information can be utilized for RedCap UE.



Observation 1: The following Rel-16 power saving mechanism can be utilized by RedCap UEs for power saving with potential modifications, if needed:
· PDCCH based wake-up indication
· Cross-slot scheduling 
· maximum MIMO layer adaptation
· RRM relaxation for neighbor cell 
· UE assistance information 
 
Furthermore, in RAN#91, the WID of RedCap was updated and a note was added to clarify that power saving enhancement solutions specified in the UE Power Saving Enhancements WI (NR_UE_pow_sav_enh) shall be assumed to be available also to RedCap UEs by default.[1]
Regarding the connected mode UE, extension of DCI based power saving adaptation, including PDCCH skipping, monitoring periodicity adaptation, shall be specified in power saving WI. The Rel-17 connected mode extension of DCI based power saving is also expected to be utilized by REDCAP UE.
Observation 2: The paging enhancement, assistance TRS for IDLE/INACTIVE mode UE and PDCCH adaptation specified in Rel-17 power saving WI need to take RedCap UEs into consideration to follow the note in RedCap WID.
PEI for REDCAP UEs
In RAN#91 meeting, a note was added in RedCap WID to claim that power saving enhancement solutions specified in the UE Power Saving Enhancements WI (NR_UE_pow_sav_enh) shall be assumed to be available also to RedCap UEs by default. 
Therefore, the design for PEI also needs takes RedCap progress into consideration and adopt necessary agreements to enable PEI for RedCap UEs if needed. For example, there is some discussion in RedCap regarding whether fast retuning of BWP is introduced for RedCap UE. This may have impact on the design of PEI.
Observation 3: The agreements and progress in RedCap need to be carefully considered in PEI discussion to ensure PEI utilization on RedCap UE, as required by RedCap WID.
In RAN1#106-e, the initial downlink BWP for RedCap UEs was discussed in depth and some proposal for separate initial DL BWP for RedCap UEs was discussed as shown in Appendix A. As the proposal, a separate initial DL BWP may be introduced for RedCap UEs in Rel-17. According to the discussion, when the separate initial DL BWP is introduced, there are proposals that paging reception is still within the MIB-configured initial DL BWP. If the proposal is adopted in RedCap WI that paging reception is always in the legacy MIB-configured BWP, there is no special issues need to be considered for PEI design. There are some other proposals to consider RedCap UEs monitor paging PDCCH on separate initial DL BWP while measure SSB in legacy initial DL BWP. In this case, the PEI occasion design need to consider the RedCap situations.
Observation 4: The value of minimum time offset between PEI and PO should consider the conclusion in RedCap regarding whether paging reception can be configured in the separate initial DL BWPs or not.

Conclusions
In this contribution, we share our view on the power saving of RedCap. The RAN4 lead topic of RLM and BFD relaxation is also discussed from RAN1 perspective. Based on the analysis, we have the following observations and proposals:
Observation 1: The following Rel-16 power saving mechanism can be utilized by RedCap UEs for power saving with potential modifications, if needed:
· PDCCH based wake-up indication
· Cross-slot scheduling 
· maximum MIMO layer adaptation
· RRM relaxation for neighbour cell 
· UE assistance information 
Observation 2: The paging enhancement, assistance TRS for IDLE/INACTIVE mode UE and PDCCH adaptation specified in Rel-17 power saving WI need to take RedCap UEs into consideration to follow the note in RedCap WID.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 3: The agreements and progress in RedCap need to be carefully considered in PEI discussion to ensure PEI utilization on RedCap UE, as required by RedCap WID.
Observation 4: The value of minimum time offset between PEI and PO should consider the conclusion in RedCap regarding whether paging reception can be configured in the separate initial DL BWPs or not.
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Appendix A
	High Priority Proposal 2.2-6o:
1. Regarding random access in idle/inactive mode in separate initial DL BWP for RedCap UEs in FR1,
a. If a separate initial DL BWP for RedCap UEs is configured in FR1, is configured for random access, including CORESET/CSS for random access.
b. If the separate initial DL BWP is only configured for random access but not for paging, then the UE will not shall not expect SSB transmission in the separate initial DL BWP.
i. Note: The network may or may not configure SSB in this case.
2. Regarding paging in idle/inactive mode in separate initial DL BWP for RedCap UEs in FR1,
a. From RAN1 perspective, if a separate initial DL BWP for RedCap UEs is configured in FR1, it can be configured for paging, including CORESET/CSS for paging.
b. FFS: If the separate initial DL BWP is configured for paging, then the UE [expects may expect / will not expect shall not expect] SSB transmission in the separate initial DL BWP.
i. FFS: Note: The network may or may not configure SSB in this case.
3. Regarding CORESET#0 and SIB1 in idle/inactive/connected mode for RedCap UEs in FR1,
a. If a separate initial DL BWP for RedCap UEs is configured in FR1, then the UE will not shall not expect it to contain MIB-configured CORESET#0 or SIB1.
i. Note: The network may or may not configure MIB-configured CORESET#0 or SIB1 to be within the separate initial DL BWP.
b. If an RRC-configured DL BWP is configured in FR1, then the UE will not shall not expect it to contain MIB-configured CORESET#0 or SIB1.
i. Note: The network may or may not configure MIB-configured CORESET#0 or SIB1 to be within the RRC-configured DL BWP.
c. In connected mode, the UE is not required to monitor CORESET#0 periodically for SI updates.
i. FFS: How SI update notifications are indicated to RedCap UEs
4. Regarding connected mode in an RRC-configured active DL BWP for a RedCap UE in FR1,
a. Whether the UE can expect SSB transmission in the RRC-configured active DL BWP depends on its UE capabilities (e.g., whether it supports FG 6-1a or only FG 6-1).
i. A UE not supporting operation without SSB transmission in the RRC-configured active DL BWP may expect SSB transmission in the RRC-configured active DL BWP.
· This corresponds to mandatory RedCap UE feature.
ii. A UE optionally supporting operation without SSB transmission in the RRC-configured active DL BWP will not shall not expect SSB transmission in the RRC-configured active DL BWP.
· This corresponds to optional RedCap UE feature.
b. FFS: For BWP#0 configuration option 1, whether the UE can expect SSB transmission in the separate initial DL BWP when it is used in connected mode
i. Note: According to 38.331 Annex B.2, BWP#0 is considered to be an RRC-configured BWP in BWP#0 configuration option 2 but not in BWP#0 configuration option 1.




