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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. The cross-slot minimum offset related preference indication is discussed in companion paper [2].
2	Discussion
2.1	On Indication of Minimum Applicable Value within active BWP
Related to minimum applicable value indication the following related agreements were made in RAN1#98:
	Agreements:
Scheduling DCI format(s), 1-1 and/or 0-1, to indicate the minimum applicable value of K0 (K2) for active DL (UL) BWP during Active Time is supported
· FFS: Whether and how other scheduling DCI format(s) during Active Time can be used
· FFS whether to have joint or separate indication for DL & UL

R1-1909662
Agreements:
To adapt the minimum applicable value of K0 (K2) for an active DL (UL) BWP for the carrier where PDSCH(PUSCH) is transmitted, the following is supported:
· One or two RRC configured values for restriction to the active TDRA table 
· RRC configuration is per BWP 
· If there are one or two RRC configured values for a BWP, 1-bit indication to indicate one value from two candidate values
· For the case of one RRC configured value, the 1-bit indication further indicates whether or not there is no restriction to the active TDRA table

Agreements:
· The 1-bit indication in DCI format 1_1 or format 0_1 is used to jointly determine the minimum applicable K0 for the active DL BWP and the minimum applicable K2 value for the active UL BWP, which are to be applied at least after the application delay.



Based on the above agreements the minimum offsets can be configured by RRC signalling. One or two values can be configured for K0 and K2. However, it’s currently unclear whether or not one (e.g. K0) can have one value and the other (e.g. K2) two values configured. As now we have a common indication for both K0 and K2 it makes sense to have a restriction that it has to be the same number of values configured for both K0 and K2 in the BWP. 
Proposal 1: Number of configured values for K0 and K2 is the same. 
For the cross-slot scheduling adaptation handling in BWP switching the following was agreed: 
	R1-1909741
Agreements:
For an activated BWP without the 1-bit indication received in DCI for adapting the minimum applicable value of K0(K2) for the BWP when there are one or two RRC configured values for the BWP, e.g., due to BWP switching triggered by BWP timer expiration, etc., the value applied for the BWP is determined by (to down-select one of them):
· Option 1: No restriction if one value is RRC configured; The lowest-indexed RRC configure value if two values are RRC configured
· Option 2: The configured value if one value is RRC configured; The lowest-indexed RRC configured value if two values are RRC configured; 
· Option 3: No restriction 




In addition, or before the aspect noted in the agreement, it should be also considered what is the behaviour when the cross-slot scheduling is first configured for the active BWP. I.e. after receiving the RRC configuration for the cross-slot scheduling, what is the UE behaviour; what will be the UE assumed cross-slot state when after the RRC configuration is complete? Will UE assume that for example the lowest-index RRC configured value is applied immediately, or whether UE will only apply the restriction (based on either RRC configured value) only after receiving a DCI with the 1-bit indication. In order to keep the UE and network synchronised, it would be best if the UE would not apply any restriction until it has received an indication (DCI) from network. 
Proposal 2: After the RRC configuration for the active BWP, UE will not apply any restriction before UE has received a 1-bit indication for the cross-slot scheduling in DCI.
Based on the agreement there two high level options; either UE assumes that the cross-slot scheduling is immediately active in the target BWP after the switch (Option1 & Option2) or that the cross-slot scheduling is not active in the target BWP (Option3). In general, we think it makes most sense that the UE assumes no restriction by default in the activated BWP without 1-bit indication received in DCI (in source BWP) even though the target BWP has been configured with one or two values for K0 and K2. It should be possible for the network pre-configure the BWPs with candidate minimum scheduling values but the cross-slot scheduling configuration is applied only after explicitly indicated by the DCI in the target BWP. 
Proposal 3: In case of BWP switching without the 1-bit indication received in DCI in source BWP for adapting the minimum applicable value of K0/K2, UE assumes no restriction. 
On the other hand, in DCI based BWP switch the DCI (on source BWP) could also indicate the applied minimum applicable value of K0 and K2 for the target BWP. That could be performed if the target BWP has configured with minimum applicable value(s) of K0/K2. Benefit would be reducing need for additional DCI in the target BWP to apply minimum applicable value. 
Proposal 4: The BWP switching DCI (in source BWP) can indicate the minimum applicable value for the target BWP.
2.2	On implicit deactivation
With one K0 and K2 value, gNB is able to activate or disable the minimum scheduling offset by sending indication in DCI. In case of two values, RRC reconfiguration may be needed to disable the use of minimum applicable value indicated. Upon disabling the minimum offset the UE assumes the configured TDRA tables. In addition, implicit disabling of the minimum scheduling should be considered at least in the following events:
a) Radio link failure
b) Handover command
· As proposed in Proposal 2, the baseline should be that UE does not assume values to be in effect if it has not received explicit indication even though the UE may be configured with the minimum applicable values in higher layers for the target cell
c) When UE has triggered RACH procedure e.g. due to TAT expiry or Beam failure recovery/PDCCH order

Proposal 5: Determine conditions and events when UE may implicitly disable dynamically indicated minimum scheduling offset. 

2.3	Applying minimum scheduling offset to SRS slot offset
It has been discussed that should the adaptation be applied also for A-SRS slot offset. Regarding the A-SRS it seems logical to apply the adaptation for the slot offset similarly to K2. Even though the minimum scheduling offset for PUSCH (and for PDSCH and A-CSI-RS) is greater than 0 the UE has limited possibility for micro-sleep if the A-SRS can be triggered with slot offset value 0. It’s to be noted UE can be configured only one SRS resource set with usage set to codebook or non-codebook. If the slot offset is 0 for the SRS resource set and minimum scheduling indication would indicate value greater > 0 there would not be any valid set available at the UE. One option would be to apply indicated minimum applicable value in uplink + the configured slot offset. 

Proposal 6: Support applying dynamically adapted minimum scheduling for A-SRS.

Observation 1: Straightforward solution would be where the UE determines minimum scheduling offset for A-SRS resource set being indicated minimum applicable value + the configured slot offset. 

2.4	On Application Delay
The following agreements were reached in RAN1#98 regarding application of the indicated minimum applicable value for K0 and K2:
	R1-1909831

Agreements:
· The 1-bit indication in DCI format 1_1 or format 0_1 is used to jointly determine the minimum applicable K0 for the active DL BWP and the minimum applicable K2 value for the active UL BWP, which are to be applied at least after the application delay.
Agreements:
· For an active DL and/or an active UL BWP, after UE is indicated to change the minimum applicable values of K0 and/or K2 and before the change indication takes effect,
· UE can be scheduled data with restriction based on current active minimum applicable values of K0 and/or K2



And more specifically for the application delay the following conclusion was made in RAN1#97:
	Conclusion:
Companies are encouraged to check the following proposal for the application delay: 
For an active DL and an active UL BWP, when UE is indicated by L1-based signalling(s) in slot n to change the minimum applicable value(s) of K0 and/or K2, UE is not expected to apply the new indicated minimum applicable value(s) before slot  for K0, or slot  for K2, where 
· X = max(Y, Z)
· Y is the minimum applicable K0 value prior to the indicated change
· Z = [1]
· Z is the smallest feasible non-zero application delay that may depend on DL SCS 
· FFS: Z > 1 for 60kHz/120kHz SCS or multi-TRP
· FFS: Cross-carrier scheduling with different numerologies
· FFS: interruption time, if any




Regarding the cross-carrier scheduling with different numerologies it’s noted that there is an on-going WI about cross-carrier scheduling with different numerologies considering also the minimum time offset between PDCCH and PDSCH of different SCS. The following agreement was made in RAN1#97 in referred WI:
	Agreements:
· Delta-values for lower SCS PDCCH to higher SCS PDSCH case 1-1 scheduling 
· 15 kHz: 4 symbols
· 30 kHz: 4 symbols
· 60 kHz: 8 symbols
· Case 1-2: use the same delta as the case 1-1 scheduling
· With the quantization step
· Case 2:
· Use the same delta values as the case 1-1 scheduling INCLUDING the quantization step
Agreements:
· For high-SCS to low-SCS scheduling, the delta for 120 kHz SCS PDCCH: [12] symbols




Delta-values for 15, 30 and 60 kHz SCS are less than one slot and therefore Z=1 there seems to be no issue from cross-carrier scheduling perspective for SCSs 15, 30 and 60 kHz. I.e. the limit value for X set by Z would range between (rounding up to full slots) 1 to 4 slots for target SCS 15, 30 and 60 kHz, respectively. For 120kHz SCS, it has been assumed in cross-carrier scheduling WID that when PDCCH (with 120kHz) schedule lower numerologies the delay would be less than a slot (i.e. 12 symbols). Thus, in general we don’t see issue assuming Z=1 for 15, 30 and 60 kHz SCS. In case of 120kHz (target) SCS, it could be considered to have Z=2. For simplicity it could also be assumed that Z=2 when both SCS are 120kHz.  
Proposal 7: Support conclusion with Z=1 for 15, 30 and 60 kHz SCS and Z=2 for 120kHz SCS.
In addition, it should be considered that how soon the indication be changed since the last transmitted indication. To prevent multiple simultaneously on-going adaptations it could be defined that UE does not expect to have change in indicated cross-slot scheduling minimum applicable value before the previous one has completed.

Proposal 8: UE does not need to expect change in minimum applicable value before the application delay of previous adaptation has passed. 

3	Conclusions
In this contribution we have discussed about procedure of cross-slot scheduling power saving techniques. The following proposals and observations were made for the indication method:
Proposal 1: Number of configured values for K0 and K2 is the same. 
Proposal 2: After the RRC configuration for the active BWP, UE will not apply any restriction before UE has received a 1-bit indication for the cross-slot scheduling in DCI.
Proposal 3: In case of BWP switching without the 1-bit indication received in DCI in source BWP for adapting the minimum applicable value of K0/K2, UE assumes no restriction. 
Proposal 4: The BWP switching DCI (in source BWP) can indicate the minimum applicable value for the target BWP.
Proposal 5: Determine conditions and events when UE may implicitly disable dynamically indicated minimum scheduling offset. 

Proposal 6: Support applying dynamically adapted minimum scheduling for A-SRS.

Observation 1: Straightforward solution would be where the UE determines minimum scheduling offset for A-SRS resource set being indicated minimum applicable value + the configured slot offset. 

Proposal 7: Support conclusion with Z=1 for 15, 30 and 60 kHz SCS and Z=2 for 120kHz SCS.
Proposal 8: UE does not need to expect change in minimum applicable value before the application delay of previous adaptation has passed. 
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