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1	Introduction
UE Power Saving WID was approved in RAN#83 [1]. The objectives are as follows:
	The objective is to specify the UE power saving techniques with UE adaption in achieving UE power saving.  The power saving technique should address latency and performance in NR as well as network impact.  The objective of the UE power saving includes the following,

1) Specify power saving techniques with UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 

a) Specify the power saving techniques with power saving signal/channel 
i) Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED
ii) Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2
iii) Note: Any change of PDCCH channel coding and payload interleaver  is not in the scope
b) Specify the procedure of cross-slot scheduling power saving techniques  
i) Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure
2) Evaluate the required switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers [RAN4]
a) Note: Switching on/off the RF is part of the evaluation
Note: 
· These objectives are RAN1/RAN4 focus and do not consider RAN2 impact.
· The objectives are subject to further update in RAN#84.  The update will be based on recommendations from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of RAN1 study.



In this contribution, we discuss the procedure of cross-slot scheduling power saving techniques.
2	Discussion
In cross-slot scheduling the UE may achieve power saving by switching to micro sleep after reception of PDCCH symbols within a slot. To enable micro-sleep the UE should be able to assume that minimum K0 > 0, minimum K2 > 0 and aperiodic CSI-RS triggering offset is > 0. In Rel-15, the aperiodic CSI-RS triggering offset is fixed to zero if any of the triggering states do not have TCI state with QCL Type-D associated. Thus, to support micro-sleep in all cases it should be possible to have the triggering offset for aperiodic CSI-RS > 0 independent of the associated QCL types. 

Proposal 1: Support configurable range (in slots) for aperiodic CSI-RS triggering offset also in case no TCI state with QCL Type-D associated to any of the triggering states. 

To provide the dynamic adaptation of K0, K2 and CSI-RS triggering offset according to traffic different approaches could be considered. As WID targets to specify a PDCCH-based power saving signal/channel, logically the parameters (minimum K0, minimum K2, minimum CSI-RS triggering offset) enabling micro-sleep could be adapted with that signal/channel. One alternative is to define a power saving channel specific DCI format that can be used to trigger UE adaptation. To trigger enabling micro-sleep (and correspondingly disable), the DCI format could carry new set of K0, K2 and CSI-RS triggering offset values to be applied where minimum value would be > 0, or the DCI could carry new minimum K0, K2 and CSI-RS triggering offset, e.g. minimum scheduling offset in downlink and minimum scheduling offset in uplink that UE could assume after receiving the DCI. Or alternatively, the power saving channel could be used to change between two sets of K0, K2 and CSI-RS triggering offset values, preconfigured for the UE. 

Observation 1: The following alternatives could be considered for further study for signalling updated minimum scheduling offsets using PDCCH based power saving channel:
· Alt1: Signal/channel carries the new set of K0, K2 and CSI-RS triggering offset values, i.e. the signal/channel overrides the current values
· Alt2: Signal/channel provides the minimum scheduling offset in downlink and minimum scheduling offset in uplink that is used upon configured K0, K2 and CSI-RS triggering offsets (UE can always assume the provided minimum offsets)
· Alt3: UE is preconfigured two sets of minimum K0, K2 and CSI-RS triggering offset values and the signal/channel is used to select the set to be applied

From the considered alternatives, Alt3 could be beneficial because signalling overhead would be smaller as only index to the set would be signalled in DCI.
Proposal 2: As a starting point consider the following signalling mechanism:
· support configuring UE with multiple (e.g. two) sets of minimum K0, K2 and CSI-triggering offset value and PDCCH based channel (DCI) signals the applied set

One component in the procedure is the latency for applying the provided new minimum scheduling offset values, i.e. required time between receiving the command in PDCCH and when the new values can be assumed to be applied. It’s to be noted that DCI based BWP switch with Type 1 capability has minimum interrupt time one slot with 15 kHz, two slots with 30 kHz and three slots with 60 kHz [section 8.6.2. in 3GPP TS 38.133]. For scheduling related parameter adaptation it’s expected that the adaptation latency should be shorter than BWP switch interrupt time. 

Proposal 3: Study and decide latency needed to apply the provided minimum scheduling offset values. BWP switching interrupt time for Type 1 capability can be considered as an upper bound. 

[bookmark: _Hlk4762336]On the other hand, the set of K0, K2 and CSI-RS triggering offset values are BWP specific and basically the dynamic adaptation could be provided also by DCI based BWP switch together with Proposal 1. As with moderate Kx and offset values, the latency impact is very small, it is not evident if more dynamic adaptation than supported by BWP framework is needed. 

Using the BWP framework requires to configure a complete additional BWP for micro sleep support, which may be taken away from the total budget of the possibly configurable BWPs for the UE. If network already configures another BWP for power saving purposes e.g. with limited BW, then this does not imply any additional cost. It may also be considered that UE does not necessarily support multiple BWPs, but equally well it could be questioned if UEs support K0>0. While the possible delay in K0, K2 and offset adaptation has not yet been discussed/agreed, BWP switching in Rel-15 incurs interrupt time in DL reception and UL transmission, depending on the UE capability, down to 1ms. When considering the alternatives, it would be worth to study if the power saving channel based adaptation can be guaranteed to be equal or less than 1 slot (without negatively impacting the micro-sleep) or whether BWP switching interrupt time could be further reduced when BWP switching effectively updates certain, limited set of parameters, like the ones enabling/disabling micro-sleep.

Observation 2: In general, two baseline mechanisms could be considered to adapt/enable the micro sleep:
· Power saving channel based approach is used to adapt the applied K0, K2 and A-CSI-RS triggering offset values
· Set of K0, K2 and CSI-RS triggering offset values are BWP specific and the dynamic adaptation could be provided by existing DCI based BWP switch together with Proposal 1.


 
3	Conclusions
In this contribution we have discussed about procedure of cross-slot scheduling power saving techniques. Based on the discussion the following observations and proposals are made:-
Proposal 1: Support configurable range (in slots) for aperiodic CSI-RS triggering offset also in case no TCI state with QCL Type-D associated to any of the triggering states. 

Observation 1: The following alternatives could be considered for further study for signalling updated minimum scheduling offsets using PDCCH based power saving channel:
· Alt1: Signal/channel carries the new set of K0, K2 and CSI-RS triggering offset values, i.e. the signal/channel overrides the current values
· Alt2: Signal/channel provides the minimum scheduling offset in downlink and minimum scheduling offset in uplink that is used upon configured K0, K2 and CSI-RS triggering offsets (UE can always assume the provided minimum offsets)
· Alt3: UE is preconfigured two sets of K0, K2 and CSI-RS triggering offset values and the signal/channel is used to select the set to be applied

Proposal 2: As a starting point consider the following signalling mechanism:
· support configuring UE with multiple (e.g. two) sets of minimum K0, K2 and CSI-triggering offset value and PDCCH based channel (DCI) signals the applied set

Proposal 3: Study and decide latency needed to apply the provided minimum scheduling offset values. BWP switching interrupt time for Type 1 capability can be considered as an upper bound. 

Observation 2: In general, two baseline mechanisms could be considered to adapt/enable the micro sleep:
· Power saving channel based approach is used to adapt the applied K0, K2 and A-CSI-RS triggering offset values
· Set of K0, K2 and CSI-RS triggering offset values are BWP specific and the dynamic adaptation could be provided by existing DCI based BWP switch together with Proposal 1.
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