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Introduction
RAN1 and RAN2 have discussed ‘power saving’ work items in several meetings. RAN4 started discussing this item from the last meeting.
WI Background
[1] contains the most recent work item document (WID) corresponding to the topic ‘UE power saving in NR’. We show RAN4 related objectives of this WID below.
	1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 

………..

a) Specify the procedure of cross-slot scheduling power saving techniques [RAN1, RAN4]

NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure

2) Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
i) ….

b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]

NOTE: Switching on/off the RF is part of the evaluation
……………

3) Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]
a) [bookmark: _Hlk10649837]Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers to be measured [RAN4, RAN2]
b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].
i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]

NOTE: No new measurement quantities should be introduced 





Above description shows that 3GPP has agreed to investigate following three RAN4 related topics in ‘power saving’ work item:
1. Relaxation of intra and inter-frequency RRM measurement for neighbor cells for RRC_IDLE/INACTIVE
2. Cross-slot scheduling power saving technique
3. Power saving techniques of UE adaptation to the maximum number of MIMO layers
Observation 1: RAN4’s scope of work for power saving includes the procedures of cross-slot scheduling power saving techniques. 
The way forward that got agreed during the last meeting [2] focused on topic #1 and #3 of WID. This contribution focuses on topic #2 of WID. 
Impact of Cross-Slot Scheduling Power Saving Techniques
RAN1 has allowed network to configure different minimum scheduling gaps (K0 in DL and K2 in UL) to the UE through RRC and select an individual scheduling gap through DCI. These configured scheduling gaps can be greater than the ones mentioned in Rel-15 spec [4] and these would allow UE more time to process DCI.
The relevant RAN1 agreements are given below [3]-[4]:
	Agreements 
For an active DL and an active UL BWP, a UE can be indicated via L1-based signaling(s) from gNB to adapt the minimum applicable value(s) of K0, K2 and/or aperiodic CSI-RS triggering offset (with/without QCL_typeD configured).
Agreements 
To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP, indication of the minimum applicable value is supported.
Agreements:
For the RRC configuration, the configured minimum applicable K0/K2 value(s) take integer value(s) in the range from 0 to [16]



Observation 2: Network can configure UE with minimum applicable K0/K2 taking integer values in the range from 0 to [16].
· This would allow UE more time to process DCI.

Besides, RAN1 has also agreed to the minimum gap that is required to update the scheduling offset values, i.e., the values of K0 and K2 [4].
	Agreements:
· With application delay, X, for adaptation to the indicated minimum applicable K0/K2 value(s) for a scheduled cell triggered by the 1-bit indication of a DCI format 1-1 or 0-1 with in the scheduling cell,
· UE receives DCI of the change indication in slot n of the scheduling cell
· UE can be scheduled with the indicated minimum applicable K0/K2 value(s) for PDSCH/PUSCH on the scheduled cell in a DCI in slot (n + X) of the scheduling cell
· For same-carrier scheduling and at least for PDCCH monitoring case 1-1,
· X = max(Y, Z)
· Y is the active minimum applicable K0 value of the active DL BWP prior to the change indication
· Z is ([1], [1], [2], [2]) for DL SCS of (15, 30, 60, 120) KHz, respectively
· FFS: Cross-carrier scheduling 
· FFS: PDCCH monitoring case 1-2 and case 2
· FFS: Whether and how to add a delay for adaptation from same-slot scheduling to cross-slot scheduling before potential data retransmission(s) is finished
· FFS whether or not/how to define the upper bound for the application delay
· FFS whether/how to define UE behavior in case of miss detection



Above agreement suggests that, even if the new K0 value of the BWP is equal to zero, RAN1 is considering to allow UE, at least, one slot to update K0. The implicit understanding is that UE will need up to one slot to process the DCI that conveys the scheduling offset update command.
Observation 3: RAN1 has agreed to allow UE to take, at least, one slot to process the DCI that conveys the scheduling offset update command.
RAN4 has defined timelines for different DCI based switching commands, e.g. DCI based BWP switch, DCI based TCI switch, etc. RAN4 should discuss whether these timelines will allow to relax DCI processing in the same way as the ones in scheduling offset update command and whether the timelines need to be modified for not.
Proposal 1: RAN4 discusses relaxation of following timelines, compared to the timeline that was defined in Rel-15, when the configured minimum applicable K0/K2 values are greater than zero.
· DCI based BWP switch.
· DCI based TCI switch.
Conclusion
Observation 1: RAN4’s scope of work for power saving includes the procedures of cross-slot scheduling power saving techniques. 
Observation 2: Network can configure UE with minimum applicable K0/K2 taking integer values in the range from 0 to [16].
· This would allow UE more time to process DCI.
Observation 3: RAN1 has agreed to allow UE to take, at least, one slot to process the DCI that conveys the scheduling offset update command.
Proposal 1: RAN4 discusses relaxation of following timelines, compared to the timeline that was defined in Rel-15, when the configured minimum applicable K0/K2 values are greater than zero.
· DCI based BWP switch.
· DCI based TCI switch.
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