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Introduction
In RAN1#107bis-e [1], the following was agreed regarding power saving enhancements during active time.
	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 express our views on the details on DCI based power saving via PDCCH monitoring adaptation during active time.
Remaining details on PDCCH monitoring reduction techniques during active time

Impact to data scheduling due to PDCCH monitoring adaptation
There were proposals made in past meetings that PDCCH skipping may start after UE reports HARQ-ACK feedback. In our view, such interaction is not strongly necessary, it can be left up to gNB implementation. For small skipping duration, the impact is expected to be minimal. If gNB intends to send PDCCH skipping indication, it could make the data transmission more reliable by conservative selection of MCS, so that need for retransmission is minimized. Moreover, we think PDCCH monitoring adaptation should not depend on start of PUSCH transmission.
The trigger of PDCCH monitoring adaptation should be immediately active after DCI indication, in a similar manner as SFI indication, for the case of PDCCH skipping indication. For example, skipping can start at the first slot after the last OFDM symbol of the PDCCH transmission. Alternatively, it can be at most based on the Z value, i.e., PDCCH decoding time in slots that is equal to (1, 1, 2, 2) for DL SCS of (15, 30, 60, 120) KHz, respectively, which is Option b in the list of options. For application delay when SSSG is switched, Rel-16 NR-U solution can be used, i.e., Option a in the list of RAN1-106bis agreement.

Proposal 1: Application delay should have no interaction with retransmissions. 
· Select one of the following for PDCCH skipping
· Alt 1a: the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
· Alt 1b: the application delay needed for PDCCH processing, i.e., Z value, for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
· Select the following for SSSG switching
· The UE applies SSSG switching on the serving cell at a first slot that is at least Pswitch symbols after the last symbol of the PDCCH


When PDCCH skipping can be ignored?

RAN2 has discussed the impact of PDCCH skipping on SR and RA procedure. Following agreements were made in RAN2#116bis-e:
1. UE ignores PDCCH skipping while the SR is pending.

2. If PDCCH skipping is applied to RNTI(s) monitored during RAR/MsgB window, the UE ignores PDCCH skipping during the RAR/MsgB window.

3. UE ignores PDCCH skipping while contention resolution timer is running.

RAN2 has inquired whether the RNTIs monitored during RAR window are subject to PDCCH skipping or not. According to current RAN1 agreement, PDCCH monitoring adaptation applies to Type-3 CSS and USS only. If UE is monitoring DCI format 1_0 with CRC scrambled by the RA-RNTI or msgB-RNTI in Type 1 CSS, then this is not subject to PDCCH monitoring adaptation. However following BFR, UE may monitor DCI format 1_0 with CRC scrambled by the C-RNTI or the MCS-C-RNTI during RAR window in recovery search space. Based on RAN2 agreement, RAN1 needs to conclude that PDCCH monitoring adaptation does not apply for PDCCH monitoring in recovery search space.

Proposal 2: PDCCH skipping does not apply to search space set provided by recoverySearchSpaceId.

Proposal 3:  When the UE is indicated to skip PDCCH monitoring for a duration on a serving cell, the UE skips monitoring of PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in Type3 CSS and USS, except when SR is pending, contention resolution timer is running, or RAR window is not expired.

Proposal 4: The following RAN2 agreements can be captured in RAN1 specification TS 38.213 
	1. UE ignores PDCCH skipping while the SR is pending.

2. If PDCCH skipping is applied to RNTI(s) monitored during RAR/MsgB window, the UE ignores PDCCH skipping during the RAR/MsgB window.

3. UE ignores PDCCH skipping while contention resolution timer is running.




Interaction of PDCCH skipping with other transmissions

RAN2 has also inquired about interaction of PDCCH skipping with WUS monitoring. Since WUS is monitored in Type 3 CSS, WUS monitoring occasions will be skipped if those fall within PDCCH skipping duration. This can also be confirmed from the fact that PDCCH skipping occurs during active time only and WUS is only monitored outside active time. Moreover, we do not think ps-Wakeup  is applicable here since this configuration is for when WUS is monitored but not detected. During PDCCH skipping duration, UE is not supposed to monitor the WUS

Observation 1: WUS monitoring occasions cannot be missed due to PDCCH skipping which applies to active time only.

Moreover, RAN2 also asked whether CSI/SRS transmission can also be impacted due to PDCCH skipping. In our view, activities that are not directly related to PDCCH monitoring should not be impacted due to PDCCH monitoring adaptation. 

Proposal 5: UE continues CSI report or SRS transmission during PDCCH skipping duration.  

Configuration and interactions of SSSG switching timer and skipping duration

It has been agreed that if a UE is provided with a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, the UE resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot. It is still open which SSs this is applicable. Since we have agreed that PDCCH monitoring adaptation applies to Type3-PDCCH CSS set or the USS set, it seems natural this is also applicable here.

Proposal 6: If a UE is provided with a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, the UE resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot for the Type3-PDCCH CSS set or the USS set.

On the other hand, it needs further discussion what is the behavior if timer expires during skipping duration or whether timer should continue to be decremented during skipping duration. We two feasible options:
· Timer can be frozen during skipping duration
· Timer continue to decrement and if expires during skipping duration, UE switches back to default after skipping duration
We think both options can work. We have slight preference towards second option. In particular, the second option can provide a unified solution that can be adopted when DRX inactivity timer expires during skipping duration as well, i.e., inactivity timer continues to decrement during skipping duration and if skipping duration ends later than expiry of inactivity timer, UE skips the current DRX cycle.

Proposal 7: SSSG switching timer continues to decrement and if expires during skipping duration, UE switches back to default SSSG after skipping duration.
Proposal 8: DRX inactivity timer continues to decrement and if expires during skipping duration, UE skips the current DRX cycle.
 
Remaining aspects of DCI and UE behaviors

It is still open how 1 or 2 bits in the PDCCH monitoring adaptation indication field is configured when PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured. In our view, since empty SSSG is not agreed, 2 bits can be assumed UE is configured with 3 SSSGs. 

Proposal 9: For DCI format 0_1, DCI format 0_2, DCI format 1_1 and DCI format 1_2,     
· 1 or 2 bits, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured
-     1 bit if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0 and search space set(s) with group index 1, and if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-     2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0, search space set(s) with group index 1 and search space set(s) with group index 2;


Conclusions
In summary, we have following list of observations and proposals:
Observation 1: WUS monitoring occasions cannot be missed due to PDCCH skipping which applies to active time only.


Proposal 1: Application delay should have no interaction with retransmissions. 
· Select one of the following for PDCCH skipping
· Alt 1a: the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
· Alt 1b: the application delay needed for PDCCH processing, i.e., Z value, for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
· Select the following for SSSG switching
· The UE applies SSSG switching on the serving cell at a first slot that is at least Pswitch symbols after the last symbol of the PDCCH

Proposal 2: PDCCH skipping does not apply to search space set provided by recoverySearchSpaceId.

Proposal 3:  When the UE is indicated to skip PDCCH monitoring for a duration on a serving cell, the UE skips monitoring of PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in Type3 CSS and USS, except when SR is pending, contention resolution timer is running, or RAR window is not expired.

Proposal 4: The following RAN2 agreements can be captured in RAN1 specification TS 38.213 
	1. UE ignores PDCCH skipping while the SR is pending.

2. If PDCCH skipping is applied to RNTI(s) monitored during RAR/MsgB window, the UE ignores PDCCH skipping during the RAR/MsgB window.

3. UE ignores PDCCH skipping while contention resolution timer is running.





Proposal 5: UE continues CSI report or SRS transmission during PDCCH skipping duration.  

Proposal 6: If a UE is provided with a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, the UE resets the timer after a slot of the active DL BWP of the serving cell when the UE detects
Proposal 7: SSSG switching timer continues to decrement and if expires during skipping duration, UE switches back to default SSSG after skipping duration.
Proposal 8: DRX inactivity timer continues to decrement and if expires during skipping duration, UE skips the current DRX cycle.

Proposal 9: For DCI format 0_1, DCI format 0_2, DCI format 1_1 and DCI format 1_2,     
· 1 or 2 bits, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured
-     1 bit if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0 and search space set(s) with group index 1, and if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-     2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0, search space set(s) with group index 1 and search space set(s) with group index 2;
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