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1		Introduction
In this contribution paper, the remaining issues on the cross-slot scheduling enhancement for power saving such as details on the minimum slot offset, cross-slot adaptation procedures, application delay, implementation during BWP-switch, UE assistance information, etc. will be discussed.
[bookmark: _Ref178064866]2	Discussion
2.1.	Minimum scheduling offset
2.1.1.	The value range of minK0 (and minK2)
In RAN1 #98b, it is indicated that the value of minK0 (and minK2) will be in the range of 0 to [16]. This range of value, however, needs to be used carefully. First, as shown in the evaluation during the study item (SI), most power-saving gain with cross-slot scheduling is achieved with the smallest min K0 offset value (minK0), i.e. minK0 = 1. The smaller minK0 value also gives smaller additional delay. Thus, it will be beneficial I the minK0 value can be kept low.
A consideration, however, can be given for the case of cross-carrier scheduling using different numerologies. In particular, for the case of the scheduling CC’s SCS is smaller than the scheduled CC’s SCS. In this case, the UE needs to receive the PDCCH symbols in a relatively long duration. Adding the PDCCH decoding delay, it will be possible that the scheduled CC already pass over several slots, and thus a larger minK0 limit is required.
Considering this, a smaller range on the minK0 value can be considered for the case of same-numerology scheduling case. For example, a range between 0 to 4 can be deemed as sufficient. Note that this limit might also be specified even further. For example, for the case of SCS of 15 and 30kHz, a maximum value of minK0 of 2 can be used while a maximum value of minK0 of 4 can be used by SCS of 60 and 120kHz. The same can be applied for the case of cross-carrier scheduling with mixed numerology. For example, for SCell having SCS of 15 and 30kHz a maximum minK0 value of 8 can be used while an SCell having SCS of 60 and 120kHz can use a maximum minK0 value of 16.
Proposal 1 [bookmark: _Toc24137492]For same-numerology scheduling case, limit the minK0 value range between 0 to 4. A larger limit, e.g. 16, can be used for cross-carrier scheduling with mixed numerologies. Additional limitation based on the SCS can be considered.

2.1.2.	Minimum slot offset for aperiodic SRS
To gain a power-saving advantage of the Cross-slot (CS)-feature, the slot-offset of the uplink part should also be considered. Similar to minimum slot offset for the downlink part (which is represented by minK0 value), this value should be set to be as small as possible as long it enables the UE to be in CS mode (i.e. turn off RF part for micro-sleep, etc.). While the minimum slot offset for PUSCH has been agreed (represented by minK2 value), it also needs to be kept in mind that the UL transmission could also be in term of an aperiodic sounding reference signal (SRS). Thus, to ensure that the UE could gain advantage from the CS-feature, minimum slot offset also needs to be defined for the case of aperiodic SRS. 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 2 [bookmark: _Toc24137493]For each CS-enabled BWP, set the minimum slot offset for aperiodic SRS to be the same as the minK2 value.

2.2	Minimum scheduling offset restriction field
2.2.1.	Present of CSIF bit-field
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). In addition, it has been agreed that the minK0 value is configured per-BWP. Thus, it is possible that in a carrier, it exists BWPs that are configured with minK0 and BWPs that are not configured with minK0. In this scenario, there are two options can be considered related to the CSIF bit-field.
1. The CSIF bit-field presents in the DCI for all BWPs, if at least, one BWP is configured with minK0.
2. The CSIF bit-filed presents in the DCI only for BWP configured with minK0 value.
Using both options, a transition from BWP configured with minK0 to BWP not-configured with minK0 can be conducted straightforwardly as anyway the target BWP will ignore the CSIF bit-field. For a transition from a BWP not-configured with minK0 value to a BWP configured with minK0 value, however, those options will have different procedure implication. Using the first option, the transition is quite straightforward, i.e. the UE will decode the DCI and act (whether to apply minK0 or not) according to the CSIF bit-field of the source-BWP (which is not configured with minK0). 
While it is not quite straightforward, the transition from a BWP without minK0 to a BWP with minK0 can also be handled without having CSIF included in the DCI of the BWP without minK0. For example, we can use CSIF = 0 to indicate there is no minK0 restriction and CSIF = 1 indicates that minK0 is applied. When a BWP-switching command is received, the UE will switch to the BWP with minK0. As the DCI size is different, a zero could be added to the DCI detection result. Thus, as CSIF = 0 is assumed, the UE will remain in the SS-state (i.e. no minK0 restriction in the new BWP).  
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Figure 1. BWP switch with a transition from BWP without minK0 configured to the SS-state of the BWP with minK0 configured.
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Figure 2. BWP switch with a transition from BWP without minK0 configured to the CS-state of the BWP with minK0 configured. Note that the application delay covers the possibility of retransmission.

For the case of the UE (and the NW) want to transit to the CS-state, it should be kept in mind that it will be strongly beneficial if the transition delay covers the HARQ procedure. As the HARQ procedure itself completed after the PDSCH successfully decoded, the direct transition to CS-state in the target BWP is not really necessary. In line with our other proposal, the transition to CS-state can be conducted, e.g., by the absence of DCI for several slots after the UE enters the target BWP and the PDSCH is successfully decoded.
From above discussion, it can be seen that the transition between BWP configured with minK0 and BWP not-configured with minK0 can be handled without adding the CSIF bit-field to the DCI monitored in the BWP not configured with minK0. In addition to that, adding CSIF bit-field to the BWP not configured with minK0 will increase the DCI payload unnecessarily. Note that there might be many cases that the offset restriction is not configured. In the uplink (UL) BWP, especially, the typical value of K2 in the TDRA table is more than 0 (a.k.a. already in the cross-slot mode) which implies that in most cases, the minK2 restriction is not firmly required for power-saving. 
It is highly preferable to avoid unnecessarily increasing DCI overhead for BWPs that are not configured with cross-slot scheduling. For such cases, a default assumption can be considered during transitions and avoid extra 1-bit increase.
Proposal 3 [bookmark: _Toc24137494]CSIF field is present in DCI monitored in a BWP only if min K0/K2 is configured for the BWP.

2.2.2.	UE detects K0 less than minK0
When receiving the PDCCH, there is a possibility that UE decodes K0 value that is not consistent with the current minK0 value or the UE current state. More specifically, the UE could decode CSIF = 1 and receives a K0 value less than minK0. In this case, it is difficult to determine whether the UE decodes incorrectly for the CSIF value or the K0 value. 
Second, it can also happen that the UE decodes CSIF = 0, receives K0 less than minK0, but is still in the CS-state. 
For both cases, the UE will not be able to decode the PDSCH. As the UE detects an inconsistent DCI, the UE should consider it as an error case, discard the DCI. 
If the misalignment between gNB and UE persists, that would be undesirable and hence some mechanism where gNB can expect alignment with UE should be considered as discussed in the transition handling section below. 
2.3	Transition handling
2.3.1	Transition from SS-state to CS-state
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, there are several options:
1. The gNB can schedule one transmission with CSIF = 1.
2. The gNB can send a dummy PDCCH with CSIF = 1 when the last PDSCH transmission is finished. This, however, consumes additional gNB resources.
3. The UE can be made to transition to CS-state if it does not detect CSIF = 0 for X slots.

Option 1 will cause an extra delay for the last PDSCH transmission. Option 2, on the other hand, consumes additional gNB resources. Both of these are not favorable, in particular, for the case of the transmission is dominated by small but frequent transmission. Considering this, option 3 can be used. In addition, 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.

Possible retransmission consideration
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. On other words, 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 via RRC.

[image: ]
Fig. 2. Excessive delay experience by last packet when switch to CS-state does not consider HARQ feedback.
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Fig. 3. Transition from SS-state to CS-state taking HARQ feedback into account.

Using only CSIF as a possible source to initiate the transition from SS-state to CS-state, it will be hard to the NW to schedule the retransmission using same-slot scheduling. Using the formula in the previous agreement, for example, the minK0 application delay from SS-state to CS-state will be only no more than 2 slots from the scheduling PDCCH slot which could not cover the possible retransmission. Thus, the retransmission can only be conducted in the CS-mode.
In addition to that, there might be additional data comes during the 1-2 slots application delay. In this case, the NW also needs to schedule the UE with cross-slot scheduling which leads to unnecessary delay.
Using option 3, this can be handled straightforwardly, i.e. to set the value of X to be large enough to cover possible retransmission. In addition, if additional data comes during the inside the n to n + X slot, the NW and the UE could restart the application delay by sending the data with scheduling DCI containing CSIF = 0. Considering this, it will be beneficial if transition to CS-state initiated by the absence of scheduling DCI for X consecutive slots can be supported.
[bookmark: _Toc21115131][bookmark: _Toc21115132]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. UE transitions to CS state if does not detect a DCI with CSIF = 0 for X slots.
Proposal 4 [bookmark: _Toc24137495]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. UE transitions to CS state if does not detect a DCI with CSIF = 0 for X slots. The value of X is configurable in RRC and could be set to cover the HARQ retransmission procedure.
2.3.1	Simultaneous minK0 transition and BWP-switch
BWP-switch (except due to the BWP-timer expiration) is initiated by the DCI in the scheduling PDCCH. For the case of the active BWP is configured with minK0, the DCI also contains the CSIF. The state in which the target BWP starts (cross-slot or same-slot) needs to be determined. 
It is possible that the UE does not receive PDCCH in the first slot of the target BWP after BWP-switch. In this case, the UE can assume that the UE has detected a DCI with CSIF in the first slot with a value equal to the CSIF in most recent DCI of the source-BWP. Alternately the UE can assume it starts in a default state  such as CS-state if min K0 is configured for the target BWP, or same-slot state if no min K0 is configured for the target BWP.
Proposal 5 [bookmark: _Toc24137496]If UE does not detect PDCCH in the first slot after BWP-switch, the UE could assume that the UE has detected a DCI with CSIF value equal to the CSIF value in most recent DCI of the source-BWP containing the BWP switching command.
In addition to the above, it also needs to be kept in mind that the power-saving advantage of CS feature is the avoidance of PDSCH buffering. While, in some cases, it can allow relaxed PDCCH decoding, it should not impact other functionalities, e.g. BWP-switch. Even when the UE suggests and NW configures a relatively large minK0 value, however, the UE should be ready for BWP-switch as per current requirements, and thus, finish the PDCCH decoding and switch to the new BWP according to BWP-switch time delay. It can be considered whether the PDSCH gap allowed by current min K0 in current BWP also applies to the gap between PDCCH and a corresponding PDSCH in new BWP.
Proposal 6 [bookmark: _Toc24137497]The UE should be able to switch to the new BWP right after BWP-switch delay, including for the case of minK0 is larger than the BWP-switch time delay.
2.4	Application delay
2.4.1	Value of Z
The value of Z, in general, could represent the application delay for the case of transition from SS-state to the CS-state. In the SS-state, it is expected that the UE monitors PDCCH in every slot (if it is configured so in the PDCCH monitoring periodicity parameter of RRC configurations). Thus, at least from the NW perspective, the change can be done straightforwardly to the next slot. From the UE perspective, however, the change can be applied more than slot after, for the case of large SCS (i.e. as the DCI decoding is not yet finished at the same slot of the PDCCH transmission). This circumstance actually does not give any impact as the UE monitors the PDCCH in every slot anyway. For the sake of alignment (i.e. to have the NW and UE always agree on the state), however, a Z value larger than 1 can be considered for the case of large SCS. 
Here, the value of Z can be calculated by assuming 3 symbols of PDCCH monitoring with case 1-1. Additional processing time can be added using, for example, the delta value agreed in the CA WI, i.e. (4, 4, 8, and 12) symbols for SCS of (15, 30, 60, and 120) kHz, respectively. Considering these factors, the value of Z of (1, ,1, 1, 2) can be considered sufficient for SCS of (15, 30, 60, and 120) kHz, respectively.
Proposal 7 [bookmark: _Toc24137498]Consider a value of Z of (1, 1, 1, 2) for SCS of (15, 30, 60, 120) kHz, respectively.

2.4.2	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 8 [bookmark: _Toc24137499]To calculate application delay for cross-carrier scheduling case, the minK0 value of the scheduled cell is normalized to the scheduling cell numerology.

2.4.3	PDCCH monitoring case 1-2 and case 2
In the above discussion, the main assumption is that the PDCCH monitoring case 1-1 is used. In some of the search-space configuration, however, it is possible that PDCCH monitoring case 1-2 or PDCCH monitoring case 2 is configured. In PDCCH monitoring case 1-1, the determination of value of Z and new-minK0 application delay is relatively straightforward as the PDCCH monitoring ends in the 3rd symbol or smaller. In PDCCH monitoring case 1-2 and case 2, however, the location of the last symbol of PDCCH monitoring can vary and thus, the application delay might also need to be different.
Note that this difference might depend on the SCS. Using an SCS of 15kHz, for example, PDCCH monitoring in the 6th-8th symbol might not give any application delay difference compared to that of 1st-3rd symbol of PDCCH monitoring. On the other hand, when an SCS of 60kHz is used, the application delay when the PDCCH monitoring is conducted at the 1st-3rd need to be different compared to that of the PDCCH monitoring is conducted at the 6th-8th symbol.
Considering this, additional delay, , can be considered in the application delay formula. Thus, a more general formula of new-minK0 application delay can be written as:


Note that the  value refers to the minK0 value prior to the change. Here, for generalization purpose, the value of Z can be set as 1. The value of , on the other hand, depends on the last symbol location of the PDCCH monitoring and the SCS. For example, the value of  can be set as:
1. For SCS of 15 and 30kHz,  for the case of PDCCH monitoring ends at 11th symbol or larger; Otherwise, .
2. For SCS of 60kHz,  for the case of PDCCH monitoring ends at 7th symbol or larger; Otherwise, .
3. For SCS of 30kHz,  for the case of PDCCH monitoring ends at 3th symbol or larger; Otherwise, .

Proposal 9 [bookmark: _Toc24137500]For PDCCH monitoring case 1-2 or PDCCH monitoring case 2, additional factor can be added to the application delay calculation by considering the SCS and the location of the last symbol of the PDCCH MO.
2.4.4	Maximum application delay
As mentioned in our previous proposal, it is beneficial to keep the value of minK0 to be, at least, not too large, i.e. as far as it allows the UE to benefit from CS-feature). 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. For example, the minK0 value can be limited to 4 for the cases of same-carrier scheduling and cross-carrier scheduling with the same numerology. The larger value of minK0 (e.g. 8 and 16) can be used to accommodate cross-carrier scheduling with mixed numerologies. Having this limitation, introducing the maximum application delay of applying new minK0 value will not be necessary.
2.5	BWP-switch delay
MinK0 consideration towards BWP-switch delay
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) during the PDCCH monitoring. In this case, the DCI processing time will be the same regardless the UE is in the CS-state or in the SS-state. On the other words, decoding of the CSIF and K0 value should already be done before new BWP applies. Therefore, the UE should be able to 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 in this case might cause unnecessary additional delay for the transmission. However, it also needs to be ensured that the same gap from end of PDCCH and first symbol of PDSCH is also applicable across BWP switches.
[bookmark: _Toc24130802]Additional delay for BWP-switch due to the implementation of CS feature is not required  - same gap between PDCCH end and 1st symbol of PDSCH can be applicable for scheduling across BWP switching.

2.6	UE suggested values 
2.6.1	Value limitation
While it has been shown from the evaluation during SI that the maximum power saving and smallest UPT loss could come from set the K0 value to be as small as possible, i.e. 1; the UE might, for some reasons, expecting to have a larger value of minK0. This preference can be reported through user assistance. From previous meeting, it has been agreed that the preferred value is reported separately for each SCS.
As in general the minK0 value is used to somewhat relax the PDCCH processing, it makes sense that the preferred value suggested by the UE takes the scheduling PDCCH numerology as consideration. For the case of cross-carrier with mixed numerologies, the NW than can infer the preferred minK0 value for the scheduled CC from the suggested minK0 value of the scheduling CC. 
In line with our proposal in the previous section, we believe that minK0 value less than or equal to 4 is sufficient for same-carrier scheduling and cross-carrier scheduling with same numerology case (i.e. large value of minK0 is only used to accommodate cross-carrier scheduling with mixed numerologies). Considering this, a range of the preferred minK0 suggested by the UE can be upper limited by (2, 2, 4, 4) slots for the case of SCS of (15, 30, 60, 120) kHz, respectively.
Proposal 10 [bookmark: _Toc24137501]Consider a range of UE-suggested minK0 value to be from 1 to (2, 2, 4, 4) slots for SCS of (15, 30, 60, 120) kHz, respectively.

2.6.2	Deriving the suggested minK0 value for cross-carrier scheduling.
For the case of cross-carrier scheduling with mixed numerologies, there can be two options. First, the suggested value by the UE already considers the possibility of cross-carrier scheduling with mixed numerologies. Using this option, the NW does not need to derive the MinK0 value and could directly apply to the respected SCS regardless it is in the cross-carrier scheduling or same-carrier scheduling. This approach, however, will make the UE always suggest a large value and is not beneficial in when the UE is in the same-carrier scheduling with same numerology.
In the second approach, the UE suggest the minK0 value based on the assumption of same-carrier scheduling. Using this approach, the NW needs to derive the preferred minK0 value, should the NW will schedule the UE using cross-carrier scheduling with mixed numerologies. Using this approach, a relatively large minK0 value will only be used in the cross-carrier scheduling with mixed numerologies, and thus, a better option. In deriving the preferred minK0 value, several factors need to be considered:
1. The minK0 value suggested for the SCS used in the scheduling CC.
2. Ratio between SCS of the scheduling CC and scheduled CC.
3. The minK0 value suggested for the SCS used in the scheduled CC.
4. Possible additional factor due to the NW might decide to use, e.g., PDCCH monitoring case 1-2. Note that this part is only used if the suggested value from the UE uses an assumption that PDCCH monitoring case 1-1 will be used.
5. Maximum allowable minK0 value; i.e. to make sure that the derived suggested minK0 value is not larger than maximum value allowed for minK0.
 
Considering the above parameters, the suggested minK0 value for numerology  in the cross-carrier scheduling can be calculated as:

where K is the maximum possible value of minK0,  is the suggested MinK0 value for SCS with numerology  ,  is all possible numerologies, and  is additional factor that can take into account other PDCCH monitoring cases, e.g. PDCCH monitoring case 1-2. The value of  is between 0 to 1.
Proposal 11 [bookmark: _Toc24137502]For deriving UE suggested values for mixed numerology case, an additional factor of  is used in minK0 derivation:  can be 0 or 1, depending on the SCS and the location of the last PDCCH monitoring symbol within a slot.

2.7	Relation with WUS
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.
A consideration might arise when the UE is also configured with WUS. Having WUS enabled, the UE will wake-up in the On-duration 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. It should be noted, however, when the WUS monitoring occasion (MO) lies in the inactivity timer, it has been agreed that the UE will wake-up in the On-duration. In this case, the UE might want to wake-up in a SS-state even the On-duration is not triggered by the WUS itself.
Here, one possible solution 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 12 [bookmark: _Toc24137503]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 for 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 for scheduling across BWP switching.

Proposal 1	For same-numerology scheduling case, limit the minK0 value range between 0 to 4. A larger limit, e.g. 16, can be used for cross-carrier scheduling with mixed numerologies. Additional limitation based on the SCS can be considered.
Proposal 2	For each CS-enabled BWP, set the minimum slot offset for aperiodic SRS to be the same as the minK2 value.
Proposal 3	CSIF field is present in DCI monitored in a BWP only if min K0/K2 is configured for the BWP.
Proposal 4	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. UE transitions to CS state if does not detect a DCI with CSIF = 0 for X slots. The value of X is configurable in RRC and could be set to cover the HARQ retransmission procedure.
Proposal 5	If UE does not detect PDCCH in the first slot after BWP-switch, the UE could assume that the UE has detected a DCI with CSIF value equal to the CSIF value in most recent DCI of the source-BWP containing the BWP switching command.
Proposal 6	The UE should be able to switch to the new BWP right after BWP-switch delay, including for the case of minK0 is larger than the BWP-switch time delay.
Proposal 7	Consider a value of Z of (1, 1, 1, 2) for SCS of (15, 30, 60, 120) kHz, respectively.
Proposal 8	To calculate application delay for cross-carrier scheduling case, the minK0 value of the scheduled cell is normalized to the scheduling cell numerology.
Proposal 9	For PDCCH monitoring case 1-2 or PDCCH monitoring case 2, additional factor can be added to the application delay calculation by considering the SCS and the location of the last symbol of the PDCCH MO.
Proposal 10	Consider a range of UE-suggested minK0 value to be from 1 to (2, 2, 4, 4) slots for SCS of (15, 30, 60, 120) kHz, respectively.
Proposal 11	For deriving UE suggested values for mixed numerology case, an additional factor of  is used in minK0 derivation:  can be 0 or 1, depending on the SCS and the location of the last PDCCH monitoring symbol within a slot.
Proposal 12	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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