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1 Introduction
Further design of the DCI joint indication of PDCCH adaptations are agreed in the last meeting:
Agreement
Remove the bracket from following agreement made in RAN1#106bis-E

Agreement (extracted from RAN1#106bis-E)

· For Case 3 (i.e., 3 SSSG switching) , the following is supported

· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors

· ‘00’ is Beh 2

· ‘01’ is Beh 2A

· ‘10’ is Beh 2B
·  ‘11’ is reserved
Agreement
Confirm the following working assumption (extracted from RAN1#107-bis agreements)

Agreement
· For value X in Beh 1A, candidate skipping values are

· Up to [100ms] length is supported,

· The X is configured and indicated in the unit of slot.

· Working assumption for candidate values for X

· {1,2,3,…,20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,

· {1,2,3,…,40, 60, 80, 100, 120,160,200} for 30 kHz SCS,

· {1,2,3,…,80, 120, 160, 200, 240, 320,400} for 60kHz SCS,

· {1,2,3,…,160, 240, 320,400, 480, 640,800} for 120kHz SCS

· FFS: Equal to or longer than the applicable minimum scheduling offset

· FFS: additional symbol level / PDCCH monitoring period level skipping duration

Agreement

· The initial timer value for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per BWP.
· The PDCCHSkippingDurationList-r17 is configured per BWP.
Working Assumption
· The bit length of the candidate skipping values and SSSG switching initial timer values in slots for 480kHz and 960kHz SCS are assumed to be the same as that for 120KHz SCS
Agreement
PDCCH monitoring adaptation is only applied to the individual scheduling cell (including self-scheduling and cross-carrier scheduling)  
Conclusion

For Rel-17 PDCCH monitoring adaptation, the case where single DCI indicates monitoring adaptation for multiple cells is not supported.

Agreement
For PDCCH monitoring adaptation case 1, support at most M = 3 for PDCCH skipping with 2 bits indication.
Agreement

The configuration of PDCCH monitoring adaptation is common for DCI format x-1 and x-2, neither Alt 1 nor Alt 2 is agreed,
· Alt 1: Support RRC parameter configured for the PDCCH monitoring adaptation indication field presence/absence in DCI format x-2.
· Alt 2:  The configuration of PDCCH monitoring adaptation is common for DCI format x-1 and x-2, except skipping duration for DCI format x-2 (i.e., PDCCHSkippingDurationList-r17-x-2 for DCI format x-2). The PDCCH monitoring adaptation indication field for DCI format x-2 is dependent on PDCCHSkippingDurationList-r17-x-2 if configured.
Conclusion
No consensus to introduce non-scheduling DCI based PDCCH monitoring adaptation for Rel-17.
In this contribution, we further analyze DCI-based adaptation mechanisms on the details.
2 PDCCH monitoring adaptations
Some further details will be decided for the DCI-based adaptation.
2.1 Adaptation Indicating field in DCI
Both of adaptations will help the UE to perform less PDCCH monitoring when there will be less or no traffic for the UE.  Up to 2 bits will be used to indicate those dynamically adaptation. In regards of the indication field splitting for skipping and SSSG switching, it does not avoid the implication of the indications. It is even cause problem if the split fields contradict to each other. With current agreements, we understand it is a joint indication so far, and we will keeping that assumption.
2.2 Indicating skipping duration of PDCCH and SSSG switching
In regards of the indication PDCCH skipping, it is the most straightforward UE adaptation on omitting following PDCCH monitoring occasions. We further consider the case when multiple SSSGs is configured with PDCCH skipping and shows how it can function with PDCCH skipping.
If there is more than 2 SSSGs group configured, we can see the skipping duration can be effectively applied to the SSSGs. Regardless what ever the SSSGs is activated currently, the skipping is same. In, the example the SSSG #2 can be resumed after the skipping duration expired.
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Figure1: Dynamic indication of skipping PDCCH monitoring
3 combinations of Skipping durations and SSSGs are left for further decision. From analysis above, there is no feasibility issues for not adopting those combinations. We see the skipping duration(s) can be applicable to multiple SSSGs for the list in Table 1, and there is no problem for the UE behavior.

Table 1. The remaining combinations of Skipping durations and SSSGs
	No. of Skipping duration
	No. of SSSG
	No. of DCI bits
	Need for None-skipping indication

	3
	0
	2
	Yes

	2
	2
	2
	No

	1
	3
	2
	No


In the last meeting, it concluded for indication of 3 skipping durations, ‘11’ is Beh 1A with skipping duration 3.

We consider the 2/3 SSSGs and skipping are to be concluded.
In the earlier meeting discussion, Case 4 have to be concluded by selection of 2 Alts. All Alts needs up to 2 bits. The Alt1 reserve 1 codepoints, which is not efficient. Thus, indicating 2 skipping plus 2 SSSG should be supported.
For Case 5, we think there are flexibility benefits for combining 3 group with one skipping duration in the same time. Thus, we should support it.

Proposal 1: For 2 SSSG switching, support 2 skipping duration indications.

Proposal 2: For the Case 5, i.e., 3 SSSG switching and 1 skipping, it should be possible by configuration.

2.3 DCI-based adaptation and other events
In the common frameworks, up to 3 SSSGs are supported. The final solution should take into account other mechanism of L1 procedures.
2.3.1 With cross-slot scheduling switching
In the Rel-16, cross-slot scheduling switching is supported by normal scheduling DCI. There is complete timing mechanism for determine the assumed cross-slot minimum K0/K2 values. The minimum K0/K2 can be switched to preconfigured larger sets by DCI.
As discussed previously in Rel-16, power efficiency is not maximized when the cross-slot scheduling is enabled and PDCCH have to be monitored in every slot. In the case, the PDCCH-to-PDSCH processing is only saved in power consumption for buffering by cross-slot scheduling. Unchanged PDCCH search space monitoring periodicity will results in unnecessary power consumption. 
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Figure4. PDSCH transmission in all slots with cross-slot scheduling

In Figure4, the UE is configured with scheduling PDCCH in every slot and minimum K0=1. Then, it is possible that the UE receive DL signal for every slot. The buffering of whole band is not needed and thus some power can be saved. However, the power saving effect is not maximized due to the RF of RX turned on in most of time. 

In considering cross-slot scheduling, it would generally require a smaller number of slots to transmit data to a UE and the user throughput can be reduced accordingly. Since the cross-slot minimum K0/K2 can be configure, the PDCCH monitoring periodicity for every slot will be very inefficient combination as shown in Figure4.

We can consider triggering the PDCCH search space groups together with switching of cross-slot minimum K0. Each of the cross-slot scheduling value can be bundled to one search space group. Then the inefficient cross-slot scheduling switching in Figure4 is avoided. In general, the cross-slot scheduling of K0 should be same as the monitoring periodicity of the bundled Search Space group.
To support this, we can reuse the cross-slot scheduling indication bit in the DCI to trigger additionally the search space group switching. With the unified triggering design, the 2 cross-slot states can be mapped to the 2 search space group sets.
Still, the application delay can be applicable.
Proposal 3: The search space group switching indication in the DCI can also trigger cross-slot scheduling states.
In that case, the application delay of cross-slot is also applicable.
2.3.2 With BWP switching
It is agreed in that the configuration of skipping duration and SSSGs to be switched will be per BWP configured. And this also means the mechanism will be based on the activated BWP. We will also assume the BWP switching scheme will be continuously supported. However, it is unclear if the BWP are switched as usual when we start to do DCI-based PDCCH monitoring adaptation.

There are several possibilities to treat the issues. One is the not allow such kind of simultaneously indication of adaptation. It will be too restrictive as gNB can configure both adaptation and not allow triggering both. That will need some further DCI indication, which is inefficient. Another on is postpone either adaption. This will give minimal standard effort and keep the benefit of both adaptations. Still, one further option would be applying both adaptations. For this option, it seems we have some unclear behavior defined in DCI-based adaptation without considering different BWPs.  Thus, we prefer the second option.
Proposal 4: If the scheduling DCI indicates PDCCH monitoring adaptation and BWP switching in different DCI fileds, 
When PDCCH skipping is indicated, PDCCH skipping duration based on the target BWP configuration starts after BWP switching delay.
When SSSG switching is indicated, target BWP configuration of SSSG will be takes effect by the indication after BWP switching delay.
The BWP switching timer could be expired. We should specify the case when the BWP changed due to that timer events.

Proposal 5: If the active BWP is switched due to the expiration of bwp-InactivityTimer before the end of the PDCCH skipping duration, in the newly active BWP 
UE starts monitoring PDCCH according to configured SS sets if SSSG is not configured on the new active BWP;
UE starts monitoring PDCCH according to SS set in SSSG # on the new active BWP which is the same SSSG# in the source BWP.
2.3.3 With SR and PRACH transmission
If SR and PRACH are transmitted by UE, the DCI-adaptation should be ended. We are support to find a solution with minimal specification impact.
One possible solution would be reset all the adaptations, e.g. terminate the skipping immediately and switch back to the default SSSG. 

2.4 Retransmission handling and application delay
Using scheduling DCI cannot avoid the retransmission of the ‘last’ packet. For the downlink as example, UE could successfully receive a DCI with skipping indication and miss the scheduled data by the same DCI. Retransmission after the skipping period will increase the overall data service latency.

As also indicated in the Figure1 in section 2.2, a retransmission period can be introduced for the retransmission to allow a retransmission window. The window should depend on the PDCCH-PDSCH-HARQ-ACK timing component and re- scheduling timing component. The first timing component is determined by the K0 and K1 in scheduling instance. The second one is not restricted as a gNB implementation. However, it would be reasonable to assume rescheduling can be done quickly, e.g., within one or two PDCCH occasions.

Proposal 6: Introduce a delay window in the PDCCH skipping indication, which is based on PDCCH-PDSCH-HARQ-ACK timing and re-scheduling timing.

However, if the PDCCH-PDSCH-HARQ-ACK timing is relatively long, the unnecessary PDCCH monitoring will happen in the delay window. For the UE in skipping indication, it should assume only one process needed for that re-transmission. We consider only allowing the few occasions after the PDCCH-PDSCH-HARQ-ACK timing, which is shown in the Figure5.
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 Figure5: Dynamic indication of skipping with retransmission occasions

Proposal 7: In the delay window for retransmission, PDCCH monitoring can be only after PDCCH-PDSCH-HARQ-ACK timing and in few consecutive monitoring occasions.
For the SSSGs, the retransmission period would have different consideration. 

Assuming normal SSSGs, if a “sparse” SSSG switch to a “dense” SSSG, then there many not need a retransmission period. On the contrary, if a “dense” SSSG switch to a “sparse” SSSG, it would be better to set the retransmission period. However, this is also depending on how large the difference between the periodicity of the 2 SSSGs. But considering there would be even 3 SSSGs, we may not need to introduce retransmission control for SSSG switching. Still, we “empty” SSSG need that retransmission control. But we may not optimize it. 

However, the application delay of SSSG can be introduced as the UE need processing time to switch SSSG.
Proposal 8: Application time is to be introduced in SSSG switching.
3 Conclusion

In this contribution, we discussed the scheme for further reduce PDCCH monitoring based on DCI indication in case of connected-mode UE. 
As summary, we have proposals:
Proposal 1: For 2 SSSG switching, support 2 skipping duration indications.

Proposal 2: For the Case 5, i.e., 3 SSSG switching and 1 skipping, it should be possible by configuration.

Proposal 3: The search space group switching indication in the DCI can also trigger cross-slot scheduling states.

In that case, the application delay of cross-slot is also applicable.
Proposal 4: If the scheduling DCI indicates PDCCH monitoring adaptation and BWP switching in different DCI fileds, 
When PDCCH skipping is indicated, PDCCH skipping duration based on the target BWP configuration starts after BWP switching delay.
When SSSG switching is indicated, target BWP configuration of SSSG will be takes effect by the indication after BWP switching delay.
Proposal 5: If the active BWP is switched due to the expiration of bwp-InactivityTimer before the end of the PDCCH skipping duration, in the newly active BWP 
UE starts monitoring PDCCH according to configured SS sets if SSSG is not configured on the new active BWP;
UE starts monitoring PDCCH according to SS set in SSSG # on the new active BWP which is the same SSSG# in the source BWP.
Proposal 6: Introduce a delay window in the PDCCH skipping indication, which is based on PDCCH-PDSCH-HARQ-ACK timing and re-scheduling timing.

Proposal 7: In the delay window for retransmission, PDCCH monitoring can be only after PDCCH-PDSCH-HARQ-ACK timing and in few consecutive monitoring occasions.
Proposal 8: Application time is to be introduced in SSSG switching.
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