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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK4][bookmark: OLE_LINK5]In RAN1#104-e meeting [1], evaluations and potential power saving techniques for connected-mode UE were discussed, and the followings were agreed.
	Agreements:
1. 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. 
0. Details FFS


This contribution further discusses the common design for PDCCH monitoring adaptation including both search space set group switching and dynamic PDCCH skipping. 
[bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: _Ref129681832]DCI based PDCCH monitoring adaptation
Common design of DCI based PDCCH monitoring adaptation
In RAN1#104-e meeting [1], two potential solutions were provided to support both SSSG switching and PDCCH skipping.
	Agreements:
· The following alternatives can be considered for DCI based PDCCH monitoring adaptation in active time for an active BWP for power saving
· 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
· Others not precluded



SSSG switching was introduced in Rel-16 NR-U. The search space sets in an active BWP are grouped into two groups and the UE monitors PDCCH according to the SS sets only in one of the search space set groups by explicit or implicit indication. In Rel-17 UE power saving, the mechanism is expected to be introduced for licensed band. 
For PDCCH skipping, the gNB can send the signaling to indicate the UE to skip PDCCH monitoring during an indicated duration. Within the skipped duration the UE would be in sleep mode, e.g. at least micro sleep, and after the duration the UE can resume to continue monitoring PDCCH in the remaining active time of the current C-DRX cycle.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]For Alt 1, SSSG switching framework is used to support skipping PDCCH monitoring. Based on this solution, one of SSSGs will be used to emulate PDCCH skipping, hence a special SSSG without any PDCCH monitoring occasions should be introduced, which can be called as “empty SSSG”. When the UE switches to the empty SSSG, the UE stops PDCCH monitoring. Once leaving the empty SSSG to the other SSSG, the UE starts monitoring PDCCH according to the search space sets in the other SSSG. One of the issue is how to realize “empty SSSG”. One method proposed in RAN1#104 is not to configure any search space set for one of SSSGs. However, according to the current configurations of RRC signaling, SSSG index is configured in IE SearchSpace, which is provided as following. If a SearchSpace is not configured without any SSSG index, the search space set is always available and the UE should monitor PDCCH according to the search space set.
	SearchSpace information element
SearchSpaceExt-r16 ::=                   SEQUENCE {
…
searchSpaceGroupIdList-r16                      SEQUENCE (SIZE (1.. 2)) OF INTEGER (0..1)           OPTIONAL,    -- Need R
…
}



According to the specification in the following table, even if a SSSG does not include any SS set, the behavior of UE is not to skip PDCCH monitoring. Furthermore, based on the following description, the UE monitors PDCCH according to SS sets in one of SSSGs, so it can be derived that UE does not expect that either of the SSSGs is empty. Hence, this method actually cannot achieve the target of skipping PDCCH monitoring. 
	[bookmark: _Toc66974095][bookmark: _Toc45699217][bookmark: _Toc36498189][bookmark: _Toc29917315][bookmark: _Toc29899586][bookmark: _Toc29899168][bookmark: _Toc29894869]10.4 	Search space set group switching
…
-	if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI format 2_0 is 0, the UE starts monitoring PDCCH according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, for the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0
-	if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI format 2_0 is 1, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, for the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0, and the UE sets the timer value to the value provided by searchSpaceSwitchTimer



[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Another method is to introduce a search space set configured with a SSSG index, and the search space set is not configured with any PDCCH monitoring occasion, for example, configuring monitoringSlotPeriodicityAndOffset to NULL. The IE SearchSpace includes many parameters for PDCCH monitoring. These parameters are mandatory configured upon creation of a new SearchSpace and if the SearchSpace is re-configured these parameters can be absent but the UE should maintain the current value, e.g. controlResourceSetId, nrofCandidates, monitoringSymbolsWithinSlot, etc. It will lead to redundant configurations for the search space set. Furthermore, the SS set is always occupied for PDCCH skipping and the configurable SS sets used for PDCCH monitoring are reduced.
[bookmark: OLE_LINK17][bookmark: OLE_LINK18]Observation 1: According to the current specification, SSSG switching framework cannot achieve the target of skipping PDCCH monitoring.
Observation 2: By configuring a SS set with a SSSG index and the SS set is not configured with any PDCCH MO, the SS set is always occupied for PDCCH skipping and the configurable SS sets used for PDCCH monitoring are reduced .
For Alt 2a, PDCCH adaptation indication field can be used to indicate either SSSG switching or PDCCH skipping. By Alt 2a, the current configurations of SS set are not impacted. When a PDCCH skipping signaling is indicated to UE, the UE can directly skip PDCCH scrambled by specific RNTIs. It can be specified PDCCH scrambled by which RNTIs can be skipped, e.g., PDCCH scrambled by C-RNTI, CS-RNTI, and MCS-RNTI. An example is shown in Table 1, “00” and “01” indicate the UE to switch to different SSSG and “10” and “11” indicate the UE to skip PDCCH monitoring for a duration. One or more duration of PDCCH skipping can be configured by RRC signaling and it is further discussed in the following section. 
Table 1 PDCCH adaptation indication field indicates SSSG switching or PDCCH skipping
	PDCCH adaptation indication field
	SSSG switching or PDCCH skipping

	00
	Monitoring PDCCH according to search space sets with group index 0 and stop monitoring PDCCH according to search space sets with group index 1

	01
	Monitoring PDCCH according to search space sets with group index 1 and stop monitoring PDCCH according to search space sets with group index 0

	10
	Stop PDCCH monitoring for the duration of X ms

	11
	Stop PDCCH monitoring for the duration of Y ms



Besides, Alt 2a also provides the flexibility for gNB to indicate both SSSG switching and PDCCH skipping. For example, a codepoint for PDCCH adaptation indication field can represent ‘skip PDCCH monitoring for X ms and switch to SSSG1’. So in the case gNB indicates both the functionalities to a UE, the signaling overhead can be reduced by Alt 2a. Differently, Alt. 1 is difficult to dynamic support simultaneously PDCCH skipping and switch to another SSSG.
Observation 3: Alt 2a provides the flexibility for gNB to indicate both SSSG switching and PDCCH skipping, meanwhile Alt 1 cannot simultaneously support PDCCH skipping and switch to another SSSG.
Based on the above discussion, Alt 2a is preferred and we have the following proposal:
Proposal 1: specify different codepoint of DCI field to indicate SSSG switching and/or PDCCH skipping for a duration.
DCI design for PDCCH monitoring adaptation
In RAN1#104 meeting, there are some general discussions on DCI signaling triggering SSSG switching or PDCCH skipping and potential DCI design are provided in [1]. The following options can be considered to indicate PDCCH monitoring adaptation including SSSG switching and PDCCH skipping:
· Option 1: group common DCI format, e.g., DCI format 2_6
· Option 2: existing UE specific DCI format, e.g. DCI format 0_1/1_1
For Option 1, group common DCI format can reduce the signaling overhead. And the group common DCI format can be considered to indicate PDCCH skipping or SSSG switching if there is no data transmission. By indicating by group common DCI, there is no need to transmit a dedicate DCI when there is no data transmission. Indication by group common DCI format can also be considered in purpose of network power saving. It is preferred not to introduce new DCI format to minimize the specification impact. For example, DCI format 2_6 can be considered. DCI format 2_6 is introduced in Rel-16 to indicate WUS and SCell dormancy. It can be considered that DCI format 2_6 has different functionalities within the active time and outside active time. Outside active time DCI format 2_6 is used to indicate WUS and SCell dormancy, and within the active time it can be used to indicate PDCCH skipping.
Observation 4：PDCCH monitoring adaptation indicated by group common DCI format is helpful if there is no data transmission.
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]For Option 2, introducing new DCI field or reusing the existing field are possible ways to extend the functionality of existing UE specific DCI format. SCell dormancy indication field in scheduling DCI and MCS/NDI/RV/HARQ process number/antenna port/DMRS sequence initialization field used for SCell dormancy indication in non-scheduling DCI (SCell dormancy case 2) can be considered. In dormancy mechanism, SCells are grouped into several groups and each bit in dormancy indication filed transmitted on the primary cell indicates the UE to switch to the dormant BWP for the SCells in the corresponding group. For further improvement, it can be considered to add the primary cell into one of the cell groups and the bit in dormancy indication filed indicates the UE to adapt PDCCH monitoring, e.g. PDCCH skipping, on primary cell and switch to the dormant BWP for the SCells in the same cell groups. For the fields used for SCell dormancy case 2, the number of the bits is larger than the number of configured SCells, so the remaining bits in the fields other than indicating SCells can also be considered to indicate PDCCH monitoring adaptation on primary cell. 
Proposal 2: Reuse dormancy indication filed to indicate PDCCH monitoring adaptation. 
Proposal 3: Reuse MCS/NDI/RV/HARQ process number/antenna port/DMRS sequence initialization field used for SCell dormancy case 2 to indicate PDCCH monitoring adaptation.

Duration of PDCCH skipping
[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Before the dynamic indication, the durations that can be skipped should be configured first. Based on the discussion in RAN1#104, the duration of PDCCH skipping can be configured explicitly or implicitly. By explicit way, a new parameter is introduced to configure the duration of PDCCH skipping. Explicit way is more flexible from gNB perspective. By implicit way, the duration of PDCCH skipping implicitly equals to the value of other configurations, e.g., the duration of PDCCH skipping is defined to be the same as the value of minimum scheduling offset. Minimum scheduling offset may be configured to 0 or may not be configured. In this case, PDCCH skipping cannot be used. For the flexibility for gNB, even if cross slot scheduling is not configured, gNB should be able to configure the feature of PDCCH monitoring adaptation.
Proposal 4: Explicitly configure the duration(s) of PDCCH skipping by RRC signaling.
As analyzed in section 2.1, it is preferred to support both the functionalities of PDCCH skipping and SSSG switching can be indicated. It means that PDCCH skipping can be indicated along with different SSSG, i.e. with different PDCCH monitoring periodicity. Therefore, it is preferred to ensure that the skipping duration matches the PDCCH monitoring periodicity. An example is shown in Figure 1, the skipping duration is 3-slot, while the PDCCH monitoring periodicity is 1-slot for SSSG0 and 5-slot for SSSG1, respectively. It is noted that the skipping duration of 3-slot works well with SSSG0. However, for SSSG1, the skipping duration of 3-slot brings no additional PDCCH monitoring reduction on the top of periodicity configuration. To solve this issue, different skipping duration(s) can be used for different SSSG.
[image: ]
Figure 1. An example for same skipping duration with different monitoring periodicity
Proposal 5: Different skipping duration(s) can be used for different SSSG to match with the PDCCH monitoring periodicity in the current SSSG.
Number of SSSGs
Two groups of SS sets are supported by current specification. For the purpose of UE power saving, SS sets with SSSG0 can be configured with dense PDCCH monitoring occasions and SS sets with SSSG1 can be configured with sparse PDCCH monitoring occasions. The two SSSGs are switched to each other. When PDCCH skipping is introduced, the duration of PDCCH skipping can be flexibly configured. Different levels of UE power saving is obtained by supporting both PDCCH skipping and SSSG switching. It is not necessary to introduce more than 2 SSSGs to further increase UE complexity.
Observation 5: Two groups of SS sets is enough to support both PDCCH skipping and SSSG switching.
Application delay for PDCCH monitoring adaptation
Based on the discussions in RAN1#104-e meeting, DCI miss-detection is one of issues for SSSG switching. Taking 2 SSSG as an example, both of the SSSGs have their own PDCCH monitoring occasions. The UE may miss-detect the DCI indicating search space set group switching, which would lead to the miss-match between the behavior of gNB and the UE. When the gNB indicates to switch to another search space set group from one search space set group, if the DCI is miss-detected, gNB will switch to another search space set while the UE still keeps PDCCH monitoring in the current search space set group. Because the monitoring occasion for search space set group is different, if the behavior of gNB and UE is miss-matched, the UE cannot detect DCI for several PDCCH periodicities, which will impact the performance of latency/UPT. Therefore, to avoid the impact of miss-detection, it is preferred to use HARQ-ACK to confirm the switching of SSSG, i.e. the application of SSSG switching should be based on the HARQ-ACK feedback.
However, for PDCCH skipping, DCI miss-detection is not a critical issue, because even if DCI indicating PDCCH skipping is miss-detected the UE will continue monitor PDCCH. The performance of latency/UPT is not impact. Moreover, the UE keeps PDCCH monitoring before the application delay and stop PDCCH monitoring in a duration after the application delay. gNB may predict there is no traffic in the following short time. If the application delay is too large, it will reduce the benefit of power saving and increase the scheduling delay.
Based on above discussion, different issues should be considered for the application delay of SSSG switching and PDCCH skipping. Different application delay can be defined for SSSG switching and PDCCH skipping. For example, if DCI indicates the UE switching to another SSSG to monitor PDCCH, the time of HARQ-ACK feedback for DL DCI or PUSCH transmitting for UL DCI is taken into account as the application delay to resolve the issue of DCI miss-detection; if DCI indicates the UE to skip PDCCH monitoring, the application delay should be as short as possible, for example, to cover PDCCH processing time. PDCCH processing time was discussed in Rel-16 cross slot scheduling, i.e., the value of Z in TS 38.214. If cross slot scheduling is enabled, i.e., K0min>0, the PDCCH processing speed may be slow-down, the UE should start PDCCH skipping after the DCI is processed, hence the UE starts PDCCH skipping after K0min slots. Therefore, if DCI indicates the UE to skip PDCCH monitoring, the application delay should be max(applicable K0min, Z).
 Proposal 6: For the application delay for PDCCH monitoring adaptation:
· If DCI indicates the UE switching to another SSSG to monitor PDCCH, UE applies the DCI after HARQ-ACK feedback for DL DCI or PUSCH transmitting for UL DCI;
· If DCI indicates the UE to skip PDCCH monitoring, the application delay is max(applicable K0min, Z).

Other implicit triggering mechanism
In Rel-16 NR-U, if the UE detects any DCI format, UE will switch from SSSG0 to SSSG1. The reason is that in unlicensed band, detecting any DCI format means the channel is occupied successfully. However, in licensed band, it is expected that the UE monitors PDCCH with large periodicity when there is no traffic and monitors PDCCH with small periodicity when the traffic is arrived. So, instead of triggered by detecting any DCI format, it can be considered that the UE switches to another search space set group when the UE detects a scheduling DCI format.
Proposal 7: Consider SSSG switching triggered by detecting a scheduling DCI format.
SR and RACH can also be used to trigger PDCCH monitoring adaptation because SR and RACH imply UL traffic arriving. When the UE is monitoring PDCCH according to SSSG with large PDCCH periodicity, if SR or RACH is transmitted, the UE will switch to another SSSG with small PDCCH periodicity. For the similar reason, when the UE is in the duration of PDCCH skipping, the UE can also terminate the duration of PDCCH skipping and start to monitor PDCCH if SR or RACH is transmitted. 
Proposal 8: Support SSSG switching or stop PDCCH skipping triggered by SR or RACH.

Conclusion
In this contribution, common design of SSSG switching and PDCCH skipping for a duration is discussed firstly. Then, the detailed designs are also provided. Based on the discussion, we have the following observations and proposals.
Observation 1: According to the current specification, SSSG switching framework cannot achieve the target of skipping PDCCH monitoring.
Observation 2: By configuring a SS set with a SSSG index and the SS set is not configured with any PDCCH MO, the SS set is always occupied for PDCCH skipping and the configurable SS sets used for PDCCH monitoring are reduced .
Observation 3: Alt 2a provides the flexibility for gNB to indicate both SSSG switching and PDCCH skipping, meanwhile Alt 1 cannot simultaneously support PDCCH skipping and switch to another SSSG.
Observation 4：PDCCH monitoring adaptation indicated by group common DCI format is helpful if there is no data transmission.
Observation 5: Two groups of SS sets is enough to support both PDCCH skipping and SSSG switching.
Proposal 1: specify different codepoint of DCI field to indicate SSSG switching and/or PDCCH skipping for a duration.
Proposal 2: Reuse dormancy indication filed to indicate PDCCH monitoring adaptation. 
Proposal 3: Reuse MCS/NDI/RV/HARQ process number/antenna port/DMRS sequence initialization field used for SCell dormancy case 2 to indicate PDCCH monitoring adaptation.
Proposal 4: Explicitly configure the duration(s) of PDCCH skipping by RRC signaling.
Proposal 5: Different skipping duration(s) can be used for different SSSG to match with the PDCCH monitoring periodicity in the current SSSG.
Proposal 6: For the application delay for PDCCH monitoring adaptation:
· If DCI indicates the UE switching to another SSSG to monitor PDCCH, UE applies the DCI after HARQ-ACK feedback for DL DCI or PUSCH transmitting for UL DCI;
· If DCI indicates the UE to skip PDCCH monitoring, the application delay is max(applicable K0min, Z).
Proposal 7: Consider SSSG switching triggered by detecting a scheduling DCI format.
Proposal 8: Support SSSG switching or stop PDCCH skipping triggered by SR or RACH.
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