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1		Introduction
In this contribution paper, the remaining issues on the cross-slot scheduling enhancement for power saving such as the minK0 value, cross-slot adaptation procedures, and application delay are discussed.
[bookmark: _Ref178064866]2	Discussion
[bookmark: _Toc5022906]2.1. MinK0 value to enable cross-slot scheduling
According to the evaluations shown during the SI, most power-saving gains (and minimum additional delay) with cross-slot scheduling are achieved with the smallest minimum K0 offset value (minK0), i.e. minK0 = 1. While UE assistance (e.g. to prefer larger minK0) might be possible, the gNB should be allowed to configure the minK0 value as long as it enables the UE to use cross-slot mode.
While a minK0 value of 1 might be ideal, a large sub-carrier spacing (SCS) might not be able to gain the cross-slot feature if the minK0 value is set to 1. This, especially holds in the case of cross-carrier scheduling where the SCS of the scheduled CC is larger than that of the scheduling CC. An example of this case can be seen in Fig. 1.
[image: ]
Fig. 1. MinK0 value for cross-carrier scheduling.
To calculate the minK0 value for each SCS pair, 3 symbols of PDCCH monitoring with case 1-1 can be considered. Additional processing time can also be added using, for example, the delta value agreed in the CA WI (for cross-carrier scheduling with mixed numerologies). Considering those factors, minK0 value for each SCS pair of scheduling CC and scheduled CC can be listed and can be seen in Table 1.

Table 1. MinK0 value (>0) for CS-feature for each pair of scheduling CC and scheduled CC SCS.
	Scheduling CC
	PDCCH Monitoring
	Processing
Or delta from CCS
	Offset of the scheduled CC (slot)

	
	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	3 symbols
	4 symbols
	            1    
	            1    
	            2    
	            4    

	30 kHz
	3 symbols
	4 symbols
	            1    
	            1    
	            1    
	            2    

	60 kHz 
	3 symbols
	8 symbols
	            1    
	            1    
	            1    
	            2    

	120 kHz
	3 symbols
	12 symbols
	            1    
	            1    
	            1    
	            2    



To gain a power-saving advantage for the Cross-slot (or CS)-feature, the minK2 value can also be set to be larger than 0 when the UE is in the CS-state. Similar to minK0 value, this value should be set to be as small as possible as long as it enables the UE to be in CS mode (i.e. relaxed PUSCH preparation). A similar procedure as the above can be done to obtain the minK2 value or simply following the UE processing capabilities (e.g. capability #1) for PUSCH preparation. On top of that, minimum offset for aperiodic SRS can also be set to ensure that the UE gains from the CS feature. As aperiodic SRS and PUSCH, in general, have a similar characteristic with PUSCH transmission, the same value of minK2 and aperiodic SRS slot-offset can be used.
Proposal 1 [bookmark: _Toc21115128]For each CS-enabled BWP, set the slot-offset for aperiodic SRS to be the same as the minK2 value. 
2.2. Transition Handling
According to the current agreements, switching between cross-slot (CS) and same-slot (SS) scheduling is supported by 1 new bit-field in the DCI (is called CSIF, i.e. cross-slot indication field, from this point onward). For example, CSIF = 0 indicates that there is no K0 value restriction by minK0 value and CSIF = 0 indicates that there is a K0 value restriction by minK0 value. From the spec perspective, it is important to cover UE behaviour for all these below cases:
1. Slots when the UE detects DCI with CSIF = 0
2. Slots when the UE detects DCI with CSIF = 1
3. Slots where there is no DCI is detected.
4. Transition slots during same-slot to cross-slot application delay.
5. Transition slots during cross-slot to same-slot application delay.

During the above cases, the UE can be in one of the two states:
a. CS-state	: A state UE does not expect the k0 in TDRA allocation to be less than the configured minK0 value. 
b. SS-state	: A state where there is no restriction on k0 in TDRA allocation.

It should be noted that not all slots where CSIF = 0 is received will be slots with SS-state. For example, for case 5 mentioned above. In that case, the UE is in the CS-state and CSIF = 0 is used as an initiation to change to SS-state. Also, the UE could also be in CS-state not only when CSIF = 1. Except for case 2, the UE can also be in the CS-state in case 1, 3, and 5. Similarly, the UE can be in the SS-state not only when CSIF = 0, e.g. for case 4. In addition to this, other conditions such as ongoing retransmissions during state transitions, etc. also must be considered.
Changing from CS-state to SS-state will be most likely triggered by data that arrives in the NW buffer. Here, the switch to the SS- state can be triggered by using CSIF = 0 when the UE is in the CS-state. For switch from CS-state to SS-state, the UE is expected to move from the CS-state to SS-state as soon as possible. 
When data transmission from the gNB is finished, it is beneficial for the UE to go back to the CS-state. To trigger SS to CS transition, the gNB can schedule one transmission with CSIF = 1 (i.e. with extra delay). In other options, the gNB can also send a dummy PDCCH with CSIF = 1. Both options, however, are undesirable especially for the case of transmission with frequently occurring small data burst. To avoid this, UE can be made to transition to CS-state If it does not detect CSIF = 0 for X slots.
While going back to CS-state as soon as possible is advantageous from the power-saving perspective (e.g. set X = 1), it should be noted that it is not uncommon to have the UE not successfully decodes the PDSCH. Therefore, as shown in Fig. 2, it is important to ensure the last PDSCH is successfully decoded before UE goes to the CS-state and avoid excessive delay due to retransmission using CS-state. 
[image: ]
Fig. 2. Excessive delay experience by last packet when switch to CS-state does not consider HARQ feedback.

Therefore, it will be more robust when the value of X is set to be large enough to cover HARQ retransmission delay and is configurable by gNB. Note that the fact that the UE can go to the CS-state by the absence of the CSIF = 0 for several slots also helps the UE as it implies that the CS-state is set as the default state. 
[image: ]
Fig. 4. Transition from SS-state to CS-state taking HARQ feedback into account.

From the above considerations, following procedures can be considered:

· When UE is in CS state and detects DCI with CSIF=0 in slot n, it continues to be in CS state at least until slot n+Y
· Y is the CS to SS application delay to allow for UE HW/SW adaptation (this can be the minK0 value configured by RRC)
· Within slots n to n+Y, UE will be in CS state but one of a) no DCI, b) CSIF=0, c) CSIF=1 is possible. The resulting UE behaviour for ‘a’ and ‘b’ is clear but for ‘c’ whether CS to SS state transition is retained or cancelled may have to be clarified.
· When UE is in SS state in slot n, it continues to be SS state for at least X more slots unless DCI with CSIF=1 is detected.
· X is configured by RRC.
· gNB can configure X to be at least large enough to cover any HARQ retransmission delays for data scheduled during SS state 
From the above discussion, the following is proposed:
Proposal 2 [bookmark: _Toc21115129]For UE configured with the minimum applicable value of k0 and k2, the following procedures are supported:
a. [bookmark: _Toc21115130]When a UE is in cross-slot (CS) state and detects DCI with cross-slot indication field (CSIF) = 0 in slot n, the UE continues to be in CS state at least until slot n + Y. 
b. [bookmark: _Toc21115131]When UE is in same-slot (SS) state in slot n, the UE continues to be in SS state for at least X more slot unless DCI with CSIF = 1 is detected.
c. [bookmark: _Toc21115132]UE transitions to CS state if does not detect a DCI with CSIF = 0 for X slots.
d. [bookmark: _Toc21115133]X and Y are configured by RRC. Y can be same as the minimum k0 and X can be a value that covers HARQ retransmission delay.

BWP-switch
BWP-switch (except due to the BWP-timer expiration) is initiated by the DCI in the scheduling PDCCH. Thus, using the above proposal, the BWP-switch most likely be initiated when the UE in the SS-state, or the UE is in CS-state and want to simultaneously change to the SS-state. For both cases, if the UE does not receive PDCCH in the first slot after the BWP switch, the UE could assume that the UE has detected a DCI with CSIF in the first slot with a value equal to the CSIF in the BWP-switching command.

Missed alignment
Missed alignment can be happened when the UE is in the CS-state but receive a K0 value less than the minK0 value. More specifically, this can happen in two possible ways. First, the UE receives CSIF = 1 AND receives a K0 value less than minK0. In this possibility, it is difficult to determine whether the UE decodes incorrectly for the CSIF or K0 value. Thus, this occasion can be considered as an error case. 
Second, it can also happen that the UE is in the CS-state and receives CSIF = 0 and the K0 value less than the minK0 value. On this occasion, the UE can infer that the UE and the NW are in misalignment. Although the UE might not be able to decode the PDSCH of the respective PDCCH, the UE will go to SS-state (in a given minK0 application delay) as pointed by the CSIF (as proposed in Proposal 2(a)). It should be noted, however, the procedure for retransmission etc. should follow a regular missed PDCCH detection recovery procedure.
DCI bits for BWPs that are not configured using CS-feature
The non-CS-enabled BWP is most likely will be used for data transmission. A question might arise when there is a switch from the non-CS-enabled BWP to the CS-enabled BWP. As mentioned in Proposal 2, it will be beneficial if the transition from the SS-state to the CS-state considers HARQ retransmission. As the value of X will exceed the BWP-switch time, the UE is able to infer that it is still in the SS-state. Thus, giving a zero padding to the DCI that is not configured by the CS feature is not necessary.
Proposal 3 [bookmark: _Toc21115134]CSIF field is present in DCI monitored in a BWP only if min K0/K2 is configured for the BWP. 
2.3. Application delay
As mentioned above, to be able to conduct cross-slot adaptation, the UE needs to adapt its HW/SW and thus, a delay will occur in the transition. The application delay can be different depends on whether the UE transits from CS-state to SS-state or transits from SS-state to CS-state. 
Changing from CS-state to SS-state
In general, the application delay from CS-state to SS-state in the above formula is represented by the value of Y. In the other words (as mentioned in Proposal 1), in the CS-state, after receiving CSIF = 0 in slot n, the UE will remain in the CS-state until slot n + Y and goes to SS-state afterward. To conduct the transition as soon as possible while keeping the minK0 value into consideration, the value of Y can be set as minK0 value.
While explicitly configuring maximum delay of applying new minK0 value might not be necessary, it is important that the value of minK0 (and thus, the value of Y) is set to be as small as possible as far as it allows the UE to benefit from CS feature (e.g. minK0 = 1 for 15kHz SCS). This is to ensure that the additional delay or UPT loss is not much and the UE also can go to DRX-cycle quicker and benefiting from light or deep sleep.

Changing from SS-state to CS-state
The transition from SS-state to CS-state basically can be done directly in the next slot. If the UE is not yet finished decoding the message to change to CS-state, the UE is in the SS-state which does not have restriction on the K0 value (thus, the UE needs to do buffering). As mentioned in Section 2.2. Proposal 2, however, the transition from SS-state to CS-state should consider the HARQ retransmission procedure, and thus an application delay X that can cover the HARQ procedures is strongly preferable. 

Cross-carrier scheduling consideration
In the case of cross-carrier scheduling, the numerologies between the scheduling CC and scheduled CC can be different. In this case, the minK0 is in the numerology of the scheduled cell. On the other hand, the application delay would be based on the PDCCH monitoring slots. Therefore, a scaling based on the numerologies of the scheduling and the scheduled cell is needed to ensure that the value of minK0 application delay is computed in the slots of scheduling numerology. 



Proposal 4 [bookmark: _Toc21115135]The CS to SS application delay for slot n to slot n + Y is applied as Y slots of the scheduling cell.

MinK0 value consideration toward BWP-switch delay
It should be noted that the power-saving gain obtained by using CS-feature mainly comes from the fact that the UE does not need to do PDSCH buffering (i.e. could turn off the RF part) until min k0 slots later. Therefore, the processing time required by the UE to decodes the DCI should be the same whether or not the UE is in CS-state or not. Thus, it is important that the UE is able to finish the DCI decoding before the BWP-switch delay expires. In the other words, the UE should be able to switch and start receiving the PDSCH in the new BWP as long as the K0 value satisfies the minK0 value. Adding minK0 value to the BWP-switch delay might cause unnecessary additional delay for the transmission. However, it can be ensured that the same gap from end of PDCCH and first symbol of PDSCH is also applicable across BWP switches.  
[bookmark: _Toc21115137]Additional delay to BWP-switch due to the implementation of CS feature is not required though the same gap between PDCCH end and 1st symbol of PDSCH can be applicable across BWP switching.
2.4. MinK0 application in the CDRX On-duration
Starts of the On-duration
When CDRX is configured, the UE monitors the PDCCH in the On-duration. On these occasions, the gNB and the UE need to agree on their state (i.e. whether they are in the CS-state or in the SS-state). From a power consumption perspective, it will be beneficial if the UE monitors these PDCCH in the CS-mode. Besides, the value of the minK0 (and thus, the minK0 application delay) is expected to be not large. Thus, the delay caused by cross-slot would be not much.
A consideration might arise when the UE is also configured with WUS. Having WUS enabled, the UE will wake-up when the NW has data to be transmitted to the UE and sending the WUS. Thus, in this scenario, it is reasonable that the UE wakes-up in the SS-state during the next On-duration.
[bookmark: _Hlk20481903]A more feasible approach, therefore, is to put information on whether the UE should wake-up in the CS-state or SS-state during the On-duration in the RRC configuration. For example, when WUS is configured, RRC configures that the UE will wake-up in the SS-state during the On-duration. In opposite, when WUS is not configured, the UE will wake-up in the CS-state during the On-duration.
Proposal 5 [bookmark: _Toc21115136]Whether the UE should wake-up in the CS-state or in the SS-state during On-duration is configured via RRC e.g. based on WUS configuration.
Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	Additional delay to BWP-switch due to the implementation of CS feature is not required though the same gap between PDCCH end and 1st symbol of PDSCH can be applicable across BWP switching.

Proposal 1	For each CS-enabled BWP, set the slot-offset for aperiodic SRS to be the same as the minK2 value.
Proposal 2	For UE configured with the minimum applicable value of k0 and k2, the following procedures are supported:
a.	When a UE is in cross-slot (CS) state and detects DCI with cross-slot indication field (CSIF) = 0 in slot n, the UE continues to be in CS state at least until slot n + Y.
b.	When UE is in same-slot (SS) state in slot n, the UE continues to be in SS state for at least X more slot unless DCI with CSIF = 1 is detected.
c.	UE transitions to CS state if does not detect a DCI with CSIF = 0 for X slots.
d.	X and Y are configured by RRC. Y can be same as the minimum k0 and X can be a value that covers HARQ retransmission delay.
Proposal 3	CSIF field is present in DCI monitored in a BWP only if min K0/K2 is configured for the BWP.
Proposal 4	The CS to SS application delay for slot n to slot n + Y is applied as Y slots of the scheduling cell.
Proposal 5	Whether the UE should wake-up in the CS-state or in the SS-state during On-duration is configured via RRC e.g. based on WUS configuration.
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