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Introduction
In  RAN1#98 [1], it is agreed that a UE could be indicated to determine the minimum applicable value K0 for the active DL BWP and the minimum applicable value K2 for the active UL BWP via 1bit in DCI format 1_1 or format 0_1. While there is one remaining FFS for an active BWP without the 1-bit indication for adapting the minimum applicable value of K0(K2), including:
· 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 

While 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. How to define ‘taking effect’ for adapting K0 and/or K0 needs FFS.  Furthermore, how to coordinate cross-slot scheduling information to achieve optimized power efficiency when multiple carriers are configured needs FFS. 
This contribution is discussed that the above details of cross-slot scheduling for UE power saving. 

 Application Offset
The minimum application value configuration
Based on RAN1#98 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 
For two values configured by RRC, there are two options, one is based on lowest-indexed RRC configuration value, and the other is no restriction. If no restriction, it implies that UE could back to Rel-15 legacy behavior with the processing time based on the TDRA table.   It does not provide the power saving from the cross-slot scheduling power saving technique.  For the lowest-indexed RRC, the minimum value configuration is dependent on gNB configuration and implementation.   The lowest-indexed RRC configured value could be set for same-slot scheduling or cross-slot scheduling.  It is reasonable to reserve some flexibility for gNB to balance power efficiency and scheduling latency. The same analysis could be used to one value configured by RRC.  So, it could consider option2 for adapting the minimum application value of K0(K2).

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal1: Option2 with configured value for one value and lowest-indexed RRC for two values could be supported.

The taking effect time configuration

In RAN1#98, UE is indicated to change the minimum applicable values K0 and/or K2 dynamically.   The effective time of the change of minimum applicable values K0 and/or K2 needs to be specified clearly in the specification to avoid any ambiguity.   Before the change indication takes effects, UE can be scheduled with restriction based on current active minimum applicable values of K0 and/or K2. 
Three options for the “effective time” are considered as follows,
· Option1: The effective time is a fixed time specified in the specification.   
· Option2: The effective time is the minimum application value K0/K2. 
· Option3: The effective time is the time after gNB receives ACK feedback for previous scheduled PDSCH transmission.  
For option1, a fixed time is specified in the specification or configured by higher layer for any minimum applicable value of K0/K2.   UE could transition from one set of K0/K2 value to another set of K0/K2 value after decoding the 1-bit indication from the scheduling DCI at a fixed time, e.g., 1 slot(based on 15KHz SCS).  Option1 consider that UE could take some processing time in DCI decoding.   One example of fixed effective time at 1 slot is shown in Figure 1 with the related procedure as below, 
· Slot 1: DCI#1scheudling PDSCH#1 with K0min=2,K0=2.   UE micro sleep after PDCCH decoding.
· Slot 2: DCI#2 scheduling PDSCH#2 with K0min=2,K0=2.  UE micro sleep after PDCCH decoding.
· 
· Slot 3: 
· Decode PDSCH#1 based on DCI#1 with K0min=2 
· DCI#3 scheduling PDSCH#3 with K0min=0, K0=0
· Slot 4: 
· Decode PDSCH#2 based on DCI#2 with K0min=2 , K0=2
· DCI#4 scheduling PDSCH#4 with K0min=0. K0=0
· Decode PDSCH#3 based on DCI#3 with one slot effective time of K0min=0, K0=0.
· Decode PDSCH#4 based on DCI#4 with K0min=0, K0=0
We can see that the fixed one slot interval of effective time provides UE sufficient time to prepare the minimum K0 value switching from 2 to 0.  However, UE needs to decode PDSCH at the Slot 4.  If the DCI triggering the minimum K0/K2 switching is miss-detected by UE,  UE will have error decoding on some PDSCH.  In the example aforementioned, UE will miss PDSCH#3 and PDSCH#4 decoding at slot #4 if the DCI#3 is miss-detected as in Figure 1.   



Figure 1 Illustration of fixed time as the effective time
For option2, UE decodes the scheduling DCI with 1-bit indication of  minimum applicable value K0/K2. If the effective time is based on the minimum application value of K0/K2, UE could receive and decode PDSCH/PUSCH after the minimum application value of K0/K2. One example is shown in Figure 2. The related UE behavior and procedure is in the following with the effective time following the indication of minimum application value K0/K2 for option2.
· Slot 1: DCI#1scheudling PDSCH#1 with K0min=2,K0=2.   UE micro sleep after PDCCH decoding.
· Slot 2: DCI#2 scheduling PDSCH#2 with K0min=2,K0=2.  UE micro sleep after PDCCH decoding.
· 
· Slot 3: 
· Decode PDSCH#1 based on DCI#1 with K0min=2 
· DCI#3 scheduling PDSCH#3 with K0min=0, K0=0
· Decode PDSCH#3 based on DCI#3 with effective time of 0 based on K0min=0
· UE might not be expected to buffer the data for PDSCH#3 decoding if PDSCH#1 is not scheduled to decode at the same slot 
· Slot 4: 
· Decode PDSCH#2 based on DCI#2 with K0min=2 , K0=2
· DCI#4 scheduling PDSCH#4 with K0min=0. K0=0
· Decode PDSCH#4 based on DCI#4 with K0min=0, K0=0
Option 2 has potential of miss-decoding of PDSCH when 1-bit minimum applicable K0/K2 switching from cross-slot to same slot scheduling because UE does not expect to buffer at the given slot triggering the switch.  Option 2 is not an useful option.   


 
Figure 2  Illustration of the minimum applicable value as the effective time
For option3, the effective time is the time after gNB receives ACK feedback for previous scheduled PDSCH transmission.  Option3 mainly considered for any miss-detection of scheduling DCI with changed K0min/K2min. One example is shown in Figure 3. In Figure 3, DCI#1 with K0min=2 indicated PDSCH#1 transmission at slot 2.  DCI#2 with K0min=0 indicated PDSCH#2 transmission at slot 4. If DCI#2 is miss-detected by the UE, UE would not receive PDSCH#2. While DCI#3 indicated PDSCH#3 transmission with K0min=0 at slot 5, UE would still use the current value of K0=2 for the PDSCH#3 decoding at slot 7.  The effective time of switching K0 value from 2 to 0 would not take effects until the ACK or NACK of PDSCH#3 is received at slot 8.    

 
Figure 3 illustration of effective time after gNB received ACK feedback of PDSCH from UE 
Option 3 is the scheme to avoid ambiguity when DCI is miss-detected with the procedure shown in Figure 4,
· Slot 1: DCI#1scheudling PDSCH#1 with K0min=2,K0=2,  
· Slot 3: 
· DCI#2scheudling PDSCH#2 with K0min=0,K0=0 is miss-detected by UE 
· Decode PDSCH#1 
· Slot 5: No decoding of PDSCH#2 based on K0=2 of DCI#2 
· Slot 6: No ACK or NACK feedback for PDSCH#2 to gNB;
· Step7: DCI#3 with K0min=0 and K0=0 
· gNB does not receive ACK or NACK from PDSCH#2, switching time is not yet taking effects
· Slot 9:  Decode PDSCH#3 based on K0min=2 and K0=2
· Slot10: UE sends ACK/NACK feedback for PDSCH#3 to gNB 
· New K0min=0 value takes effects after gNB received ACK or NACK of PDSCH#3
· Slot 11:
·  DCI#4 scheduling with K0min=0,K0=0
· Decode PDSCH#4
· Slot11: 
· DCI#5 with K0min=0, and then UE start to buffer 
· Decode PDSCH#5
· Send ACK or NACK feedback for PDSCH#4.

  
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Figure 4 illustration acknowledge reception as ‘taking effect’ time 
Another option is to combine option 1 and option3 with fixed effective time and resolving miss-detection of DCI issue. For example, the effective time is a fixed time interval of 1 slot .When 1-bit switching indicator in the DCI indicate the change of K0min, gNB could continue to set K0 not smaller than previous K0min to avoid miss-PDSCH buffering as shown in Figure 5.
UE is set to cross-slot scheduling by DCI#1 with K0min=2 and K0=2.  When DCI#2 with K0min=0 and K0=0 is set to switched from cross-slot scheduling to same slot scheduling but miss-detected by UE, gNB would 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 tgNB set the K0 value not smaller than previous K0min value.  .


Figure 5 Illustration of fixed effective time with ACK /NACK feedback by  combination of option 1 and option3
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal2: The effective time for 1-bit indicator in the DCI for dynamic switching of minimum application value K0/K2 is set to be a fixed time.  gNB should not set the K0/K2 value smaller than previous minimum applicable K0 or K2 value before ACK or NACK is received for the PDSCH to avoid DCI miss-detection issue.
Conclusion 
In this contribution, UE adaptation with cross-slot scheduling are discussed and analysed.  We have the following proposals, 
Proposal1: Option2 with configured value for one value and lowest-indexed RRC for two values could be supported.
Proposal2: The effective time for 1-bit indicator in the DCI for dynamic switching of minimum application value K0/K2 is set to be a fixed time.  gNB should not set the K0/K2 value smaller than previous minimum applicable K0 or K2 value before ACK or NACK is received for the PDSCH to avoid DCI miss-detection issue.
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