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[bookmark: _GoBack]Introduction
In RAN1#104-e [1], a common design for DCI based PDCCH monitoring adaptation to support both functionalities of search space set group (SSSG) switching and PDCCH skipping for a duration has been agreed. Alternatives about how to support both functionalities are also included in the agreement.
	Agreements:
· Strive for a common design for DCI based PDCCH monitoring adaptation in active time for an active BWP to support functionalities inclusive of both SSSG switching and PDCCH skipping for a duration. 
Details FFS
Agreements:
· The following alternatives can be considered for DCI based PDCCH monitoring adaptation in active time for an active BWP for power saving
[bookmark: OLE_LINK164][bookmark: OLE_LINK165][bookmark: OLE_LINK166][bookmark: OLE_LINK167][bookmark: OLE_LINK168]Alt 1: Enhancement of Rel-16 SSSG switching to support PDCCH monitoring adaptation including skipping for a duration
Alt 2a: Enhancement of DCI(s) utilized for Rel-16 power saving adaptation for supporting both skipping PDCCH monitoring for a duration and SSSG switching
Alt 2b: Enhancement of DCI(s) utilized for Rel-16 power saving adaptation for supporting both skipping PDCCH monitoring for a duration and PDCCH monitoring periodicity adaptation
· Others not precluded 



In this contribution, we present our views on the common design for DCI based PDCCH monitoring adaptation to support both SSSG switching and PDCCH skipping for a duration and propose detailed mechanisms that should be considered in the Rel-17 power saving.
Common design for both SSSG switching and PDCCH skipping 
For SSSG switching mechanism, it was introduced in Rel-16 NR-U that the UE can switch SSSGs explicitly based on DCI format 2_0 signaling, or implicitly based on a timer (e.g., SSSG switching timer) for adapting between two SSSGs. On the other hand, for PDCCH skipping, gNB can configure a certain skipping duration, and indicates UE by a DCI to skip PDCCH monitoring for the skipping duration. Two alternatives for common design on both SSSG switching and PDCCH skipping have been agreed on the table:
· Alt 1: Enhancement of Rel-16 SSSG switching to support PDCCH monitoring adaptation including skipping for a duration
· Alt 2a: Enhancement of DCI(s) utilized for Rel-16 power saving adaptation for supporting both skipping PDCCH monitoring for a duration and SSSG switching

For Alt 2a, supporting an enhanced DCI utilized for both switching and skipping will cause higher design complexity. For example, how to enable functionalities of switching and skipping, how to indicate parameters for switching (e.g. switching flag) and skipping (e.g. skipping length), and what is the UE behavior when both functionalities of switching and skipping are enabled. 
To reach a common design for both SSSG switching and PDCCH skipping with less design complexity, reusing some SSSG switching mechanism in Rel-16 can be considered. At least mechanisms relating to SSSG switching (i.e. indicating SSSG switching explicitly by a DCI and timer-based SSSG switching) should be the baseline for the Rel-17 DCI based PDCCH monitoring adaptation. 
However, it is observed that simply reusing SSSG switching mechanism in Rel-16 without any enhancements cannot satisfy both switching and skipping functionalities since whichever the SSSG switched to, the UE still needs to monitor search space sets in that SSSG so that PDCCH skipping cannot be achieved. Thus, some enhancements for SSSG switching are under consideration.
Observation 1: Simply reusing SSSG switching mechanism in Rel-16 without any enhancements cannot satisfy both switching and skipping functionalities since whichever the SSSG switched to, the UE still needs to monitor search space sets in that SSSG so that PDCCH skipping cannot be achieved.
[bookmark: OLE_LINK171][bookmark: OLE_LINK172]On the enhancement of Rel-16 SSSG switching to support PDCCH monitoring adaptation including skipping for a duration, we can reuse SSSG switching in Rel-16 NR-U and introduce an empty SSSG so that compensates the functionality of PDCCH skipping. An empty SSSG is a SSSG with no search space set belonging to it and when a UE switches its SSSG to the empty SSSG, the UE will not monitor any search space set, which has similar behavior as PDCCH skipping. For example, assuming that a UE is configured with two SSSGs and one of the SSSG is an empty SSSG. If the UE switches to the empty SSSG, the UE does not monitor PDCCH on some cells (e.g., SCells) until receiving an explicit signal on other cells (e.g., PCell) that indicates the UE switches to non-empty SSSG or until a timer expires (e.g., SSSG switching timer). Therefore, by introducing an empty SSSG to be one of the SSSGs for switching, the PDCCH skipping for a duration can be further achieved.
Observation 2: By introducing an empty SSSG to be one of the SSSGs for switching, the common design for DCI based PDCCH monitoring adaptation to support both SSSG switching and PDCCH skipping for a duration can be achieved.
[bookmark: OLE_LINK169][bookmark: OLE_LINK170]Proposal 1: Support enhancement of Rel-16 SSSG switching to support PDCCH monitoring adaptation including skipping for a duration
[bookmark: OLE_LINK179][bookmark: OLE_LINK180]Proposal 2: Explicit indication by a DCI and timer-based SSSG switching in Rel-16 should be the baseline for Rel-17 DCI based PDCCH monitoring adaptation.
Proposal 3: Introduce an empty SSSG to be one of the SSSGs for SSSG switching.

More than two SSSGs
If the empty SSSG can be introduced, the number of SSSGs and the behavior of how to switch among SSSGs need to be revisited. For example, there are two possible alternatives while determining the number of SSSGs. 
[bookmark: OLE_LINK177][bookmark: OLE_LINK178]Alt (a): Total number of SSSGs remains two, with one empty SSSG and one non-empty SSSG.
Alt (b): Total number of SSSGs can be larger than two, with one empty SSSG and multiple non-empty SSSGs.
For Alt (a), search space sets will not be classified by the density of PDCCH monitoring occasions as in Rel-16. Instead, all of the configured search space sets are corresponding to a ‘non-empty SSSG’. And a SSSG can be configured as an ‘empty SSSG’  which does not include any search space set. 
[bookmark: OLE_LINK181][bookmark: OLE_LINK182]For Alt (b), the UE will be configured one ‘empty SSSG’ and multiple ‘non-empty SSSGs’, and each non-empty SSSG contains one or some search space sets. For example, if two non-empty SSSGs are configured, one contains search space sets with dense PDCCH monitoring occasions, and the other contains search space sets with sparse PDCCH monitoring occasions. Besides these two non-empty SSSGs, one empty SSSG is also configured to the UE.
[bookmark: OLE_LINK175][bookmark: OLE_LINK176]Comparing these two alternatives, Alt (a) has less flexibility, since one of the SSSGs should be an empty SSSG, the gNB cannot switch the search space sets between  dense PDCCH monitoring occasions and sparse PDCCH monitoring occasions as Rel-16 NR-U SSSG switching. In contrast, Alt (b) has at least two non-empty SSSGs, thus the gNB can indicate the UE switching to a SSSG with better PDCCH monitoring adaptation considering the traffic or scheduling pattern. However,  for Alt (b), if the number of SSSGs is more than 2, the SSSG switching mechanism between 2 SSSGs in Rel-16 is not directly applicable. New mechanisms for SSSG switching  among three or more SSSGs (e.g., activation/deactivation) should be introduced for Alt (b). Therefore, comparing Alt (a) and Alt (b), Alt (a) has less spec impact while Alt (b) provides better flexibility on PDCCH monitoring adaptation which introduces more power saving gain .
[bookmark: OLE_LINK186][bookmark: OLE_LINK187][bookmark: OLE_LINK188][bookmark: OLE_LINK189]Observation 3: Two SSSGs with one empty SSG has less spec impact while more than two SSSGs with one empty SSG provides better flexibility on PDCCH monitoring adaptation which introduces more power saving gain. 
Proposal 4: RAN1 down selects one of the following alternatives for SSSG switching in Rel-17.
· Alt (a): Total number of SSSGs remains two, with one empty SSSG and one non-empty SSSG.
· Alt (b): Total number of SSSGs can be larger than two, with one empty SSSG and multiple non-empty SSSGs.

Implicit SSSG switching
[bookmark: OLE_LINK183][bookmark: OLE_LINK184][bookmark: OLE_LINK185]When applying an empty SSSG for SSSG switching in Rel-17, there are some specific scenarios that we have to tackle carefully to prevent UE from miss-detecting some important signalings on PDCCH. One specific scenario is when the UE’s current SSSG is the empty SSSG and the UE has sent a SR and the SR is pending, the UE should stay in Active Time to monitor the PDCCH to receive the possible scheduling for UL grant, as specified in [2].
	TS 38.321 [2]
When DRX is configured, the Active Time for Serving Cells in a DRX group includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer configured for the DRX group is running; or
-	drx-RetransmissionTimerDL or drx-RetransmissionTimerUL is running on any Serving Cell in the DRX group; or
-	ra-ContentionResolutionTimer (as described in clause 5.1.5) or msgB-ResponseWindow (as described in clause 5.1.4a) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4); or
-	a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble (as described in clauses 5.1.4 and 5.1.4a).


  
Therefore, the UE should implicitly switch the current SSSG to a non-empty SSSG in order to monitor the PDCCH. If the UE still stays in the empty SSSG, the UE will miss the PDCCH for scheduling the UL grant due to scheduling request.  
On the other hand, for RACH cases, if the UE transmits a Msg1/Msg3/MsgA, the UE should monitor the PDCCH, e.g., while RAR window/MsgB window/contention resolution timer is running, to receive the Msg2/Msg4/MsgB. The UE is also not favorable to stay in the empty SSSG for these cases.
[bookmark: OLE_LINK200][bookmark: OLE_LINK201][bookmark: OLE_LINK196][bookmark: OLE_LINK197]It is also noted that the SR and RA can be triggered by UE itself, i.e., NW cannot predict that these conditions will occurr to the UE, especially the SR and CBRA. Thus, the explicit SSSG switching indication by NW to switch out of the empty SSSG does not work. To avoid missing some important signalings on PDCCH, a new implicit SSSG switching mechanism at least for SR and RACH should be considered.
[bookmark: OLE_LINK194][bookmark: OLE_LINK195][bookmark: OLE_LINK190][bookmark: OLE_LINK191][bookmark: OLE_LINK198][bookmark: OLE_LINK199][bookmark: OLE_LINK204][bookmark: OLE_LINK205]Observation 4: For SR, the UE should monitor the PDCCH to receive the scheduling for UL grant. For RACH, the UE should monitor the PDCCH to receive the Msg2/Msg4/MsgB. 
[bookmark: OLE_LINK202][bookmark: OLE_LINK203]Observation 5: Since NW cannot predict the UE will trigger SR and CBRA, the explicit SSSG switching indication by NW to switch out of the empty SSSG does not work.
Proposal 5: Implicit SSSG switching for SR and RACH should be considered.
Conclusions
Observation 1: Simply reusing SSSG switching mechanism in Rel-16 without any enhancements cannot satisfy both switching and skipping functionalities since whichever the SSSG switched to, the UE still needs to monitor search space sets in that SSSG so that PDCCH skipping cannot be achieved.
Observation 2: By introducing an empty SSSG to be one of the SSSGs for switching, the common design for DCI based PDCCH monitoring adaptation to support both SSSG switching and PDCCH skipping for a duration can be achieved.
Proposal 1: Support enhancement of Rel-16 SSSG switching to support PDCCH monitoring adaptation including skipping for a duration
Proposal 2: Explicit indication by a DCI and timer-based SSSG switching in Rel-16 should be the baseline for Rel-17 DCI based PDCCH monitoring adaptation.
Proposal 3: Introduce an empty SSSG to be one of the SSSGs for SSSG switching.
Observation 3: Two SSSGs with one empty SSG has less spec impact while more than two SSSGs with one empty SSG provides better flexibility on PDCCH monitoring adaptation which introduces more power saving gain.
Proposal 4: RAN1 down selects one of the following alternatives for SSSG switching in Rel-17.
· Alt (a): Total number of SSSGs remains two, with one empty SSSG and one non-empty SSSG.
· Alt (b): Total number of SSSGs can be larger than two, with one empty SSSG and multiple non-empty SSSGs.
Observation 4: For SR, the UE should monitor the PDCCH to receive the scheduling for UL grant. For RACH, the UE should monitor the PDCCH to receive the Msg2/Msg4/MsgB. 
Observation 5: Since NW can not predict the UE will trigger SR and CBRA, the explicit SSSG switching indication by NW to switch out of the empty SSSG does not work.
Proposal 5: Implicit SSSG switching for SR and RACH should be considered.
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