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[bookmark: _GoBack]Introduction
In RAN1#98bis [1], it is agreed that application delay is used as the processing delay 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. The remaining FFS points are as follows, 

· [bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK9][bookmark: OLE_LINK10]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
This contribution is discussed that the above FFS of cross-slot scheduling details for UE power saving. 

 Application delay
Different PDCCH monitoring cases
There are three cases for PDCCH monitoring based on different starting positions and number of PDCCH monitoring occasions within one slot: PDCCH monitoring case1-1, case1-2 and case2 in RAN1#91 [2] as follows, 
Agreements:
· For information, the following cases are clarified:
· Case 1: PDCCH monitoring periodicity of 14 or more symbols
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· For a given UE, all search space configurations are within the same span of 3 consecutive OFDM symbols in the slot
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
· Note: this includes the PDCCH monitoring of up to three OFDM symbols at the beginning of a slot
For PDCCH monitoring case1-1, it is assumed that Z=1 for PDCCH monitoring occasion case1-1 with SCS 15 KHz and same-carrier scheduling. For PDCCH monitoring case1-2, the position of PDCCH monitoring occasion could exceed the 7th symbol in slot N.  The delay caused by PDCCH reception and processing time could overflow into the next slot N+1. For K0min=0, UE decodes PDCCH buffers PDSCH after PDCCH reception in same slot N. If DCI information is indicated as K0min=1, UE could buffer and decode PDSCH at slot N +1. The application delay for PDCCH monitoring case 1-2 for switching the minimal scheduling offset would be similar to that of PDCCH monitoring case 1-1 as following figure.


         
(a) Cross-slot scheduling                                       (b)Same-slot scheduling
Figure 1 Illustration of PDCCH monitoring case1-2
For the PDCCH monitoring case2, there are more than one PDCCH monitoring occasions within one slot. So it could be seen as combination of PDCCH case1-1 and/or PDCCH case1-2.  The application delay Z=1 for PDCCH monitoring case2 should be same as that of PDCCH monitoring case 1-1.   
Proposal 1: for PDCCH monitoring occasion case 1-2 and case 2, application delay X could be same as PDCCH monitoring case 1-1.

Potential data retransmission
When scheduling DCI indicates the switch of the minimum scheduling offset value, UE would be indicated to switch to the new scheduling offset value after the specified application delay.   A HARQ process might still be on-going.  The retransmission of a HARQ process would be scheduled after additional application delay.  Since HARQ retransmission is independently scheduled for each transmission and retransmission, the application delay would not be impacted by HARQ retransmission.  
Proposal 2:  The application delay would not be impacted by HARQ retransmission.  

Upper bound for the application delay
The application delay, X, depends on the processing capability in reconfiguration of the processing time of minimum scheduling offset K0/K2 value. The minimum scheduling offset should not be too large in order to retain the trade-off between power saving gain and transmission latency of cross slot scheduling.  When minimal scheduling offset is switched indicated by the DCI, the on-going data transmission will use the current value of minimal scheduling offset until the specified value of the application delay.   During the transition, UE would operate based on the old minimum scheduling offset K0/K2.   The dynamic switching of minimum scheduling delay would not be that effective if the application delay value is large.   However, the upper bound of the application delay would not help.  It would be implementation to ensure the benefit of the dynamic switching of minimum scheduling offset.   
Proposal 3: There is no significant benefit to adopt the upper bound of the application delay.  

UE behaviour in case of miss detection
The application delay, X, is the transition delay of dynamic switching of minimum applicable K0/K2 value(s) for a scheduled cell triggered by 1-bit indication in DCI format 1-1 or 0-1., when UE receives DCI of the changed indication in slot n of the scheduling cell, UE can be scheduled with the indicated minimum applicable K0/K2 values for PDSCH/PUSCH on the scheduled cell in a DCI in slot (n+X) of the scheduling cell. However, the potential of miss-buffering  of PDSCH when the DCI carrying 1-bit minimum applicable K0/K2 switching from cross-slot to same slot scheduling is miss-detected as shown in Figure 2.  


Figure 2  Illustration of the miss-decoding
From Figure 2, if DCI#2 with K0min=0 is miss-detected, UE does not prepare to switch to the new K0min value.  K0min=0. When UE decode DCI#3, it will still use the minimum scheduling offset K0min=2 until slot 9.  While, gNB would start the minimum scheduling offset K0min =0 after slot4.  From slot5 to slot9, gNB and UE in misalignment on the minimum application value K0min due to miss-detection of DCI#2. It will result in PDSCH transmission missing, e.g., PDSCH#2 and PDSCH#3. 
In Figure 3, UE is indicated with minimal scheduling offset for cross-slot scheduling by DCI#1 with K0min=2 and K0=2.  When DCI#2 containing the switch of minimum scheduling offset to K0min=0 and miss-detected by UE, gNB could continue set K0=2 which is not less than DCI#1’s K0min =2 until ACK or NACK of PDSCH is received.  gNB continue to set K0min=0, K2=2 at DCI#3 for scheduling PDSCH#3. When gNB get PDSCH#3’s feedback and know that UE could decode DCI with K0min=0.  gNB could transmit DCI#4 with K0min=0, and K0=0.  
Although gNB and UE have different understanding of K0min value during transition period, UE did not miss to detect PDSCH thanks to K0=2 as long as gNB set the K0 value not smaller than previous K0min value.  


Figure 3 Illustration of gNB and UE procedure when misalignment on the minimum of application value K0
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 4: it is unnecessary to define UE behavior in case of miss detection, and it could be implemented to gNB by means of limited scheduling.

Consideration of Application Delay in Cross-carrier scheduling
For cross-slot scheduling, the application delay X needs to consider the SCS of the scheduling and scheduling CCs. The difference of cross-carrier scheduling from same-carrier scheduling is that the cross-carrier scheduling needs consider additional delay caused by cross-carrier scheduling margin Δ if the SCS are different.   The application delay for cross-carrier scheduling and same-carrier scheduling with same SCS should be the same, e.g., Z= [1, 1, 2, 2] for SCS [15 KHz, 30 KHz, 60 KHz, 120 KHz]. 
For the different SCS among CCs, it is not necessary to consider additional application delay X due to cross-carrier scheduling margin Δ. Because the cross-carrier scheduling margin should be part of processing delay contained in the application delay parameter Z value (Z= [1,1,2,2] for [15 KHz, 30 KHz, 60 KHz, 120 KHz] SCS configuration). 
For example, CC0 is the scheduling cell with 15KHz SCS, and CC1 is the scheduled cell with 30KHz SCS, K0min=2 slots for scheduled cell of CC0 30KHz and SCS 15 KHz, while, K0min’=1 slot for scheduling cell. It is shown as Figure 4.


(a) Cross-carrier scheduling with same-slot scheduling


(b) Cross-carrier scheduling with cross-slot scheduling
Figure 4 Illustration of cross-carrier scheduling with same-slot scheduling and cross-slot scheduling
Proposal 5: The application delay X could be reused for cross-carrier scheduling with different SCS.   

Conclusion 
In this contribution, UE adaptation with cross-slot scheduling are discussed and analysed.  We have the following proposals, 
Proposal 1: for PDCCH monitoring occasion case1-2 and case 2, application delay X could be same as PDCCH monitoring case1-1.
Proposal 2:  The application delay would not be impacted by HARQ retransmission. 
Proposal 3: There is no significant benefit to adopt the upper bound of the application delay.
Proposal 4: it is unnecessary to define UE behavior in case of miss detection, and it could be implemented to gNB by means of limited scheduling.
Proposal 5: The application delay X could be reused for cross-carrier scheduling with different SCS. 
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