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1		Introduction
In Rel-16, 3GPP introduced the NR-U SS set switching mechanism. The mechanism is described as follows in [1]:
[bookmark: _Toc36498189][bookmark: _Toc29894869][bookmark: _Toc29899168][bookmark: _Toc29899586][bookmark: _Toc29917315]10.4	Search space set switching
A UE can be provided a group index for a respective search space set by searchSpaceGroupIdList-r16 for PDCCH monitoring on a serving cell. If the UE is not provided searchSpaceGroupIdList-r16 for a search space set, the following procedures are not applicable for PDCCH monitoring according to the search space set.
If a UE is provided searchSpaceSwitchingGroupList-r16, indicating one or more groups of serving cells, the following procedures apply to all serving cells within each group; otherwise, the following procedures apply only to a serving cell for which the UE is provided searchSpaceGroupIdList-r16.
A UE can be provided, by searchSpaceSwitchingTimer-r16, a timer value. The UE decrements the timer value by one after each slot in the active DL BWP of the serving cell where the UE monitors PDCCH for detection of DCI format 2_0.
If a UE is provided by SearchSpaceSwitchTrigger-r16 a location of a search space set switching field for a serving cell in a DCI format 2_0, as described in Clause 11.1.1, and detects the DCI format 2_0 in a slot
-	if the UE is not monitoring PDCCH according to search space sets with group index 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, on the serving cell at a first slot that is at least P symbols after the last symbol of the PDCCH with the DCI format 2_0, if a value of the search space set switching field is 0
-	if the UE is not monitoring PDCCH according to search space sets with group index 1, the UE monitors PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, on the serving cell at a first slot that is at least P 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 searchSpaceSwitchingTimer-r16, if a value of the search space set switching field is 1
-	if the UE monitors PDCCH on a serving cell according to search space sets with group index 1, the UE starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at the beginning of the first slot that is at least P symbols after a slot where the timer expires or after a last symbol of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0
If a UE is not provided SearchSpaceSwitchTrigger-r16 for a serving cell,
-	if the UE detects a DCI format by monitoring PDCCH according to a search space set with group index 0, 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, on the serving cell at a first slot that is at least P symbols after the last symbol of the PDCCH with the DCI format, the UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16 if the UE detects a DCI format by monitoring PDCCH in any search space set
-	if the UE monitors PDCCH on a serving cell according to search space sets with group index 1, the UE starts monitoring PDCCH on the serving cell according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, on the serving cell at the beginning of the first slot that is at least P symbols after a slot where the timer expires or, if the UE is provided a search space set to monitor PDCCH for detecting a DCI format 2_0, after a last symbol of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0


[bookmark: _Ref178064866]2	Discussion
In this section, we will elaborate on some details of the SS set switching mechanism and how it may be used for UE PS purposes.
Two groups of search space sets can be configured in Rel-16. If configured (through the RRC parameters searchSpaceGroupIdList-r16 and searchSpaceSwitchingGroup-r16.), then the UE can be switched between these two groups using either explicit or implicit mechanisms
2.1	Explicit Switching 
The UE can be switched between the two search space groups through detection of DCI format 2_0. This is done by configuring the UE with the RRC parameter searchSpaceSwitchTrigger-r16 which provides a location for the search space switching field (for a serving cell) in the DCI format 2_0. The search-space-set- switching field is one bit in size, where a bit value of zero indicates one group and a value of one indicates the second group. In the rest of this paper, we refer to these two groups by group0 and group1, where the search-space-set-switching field takes the values zero and one, respectively.   
The procedure for explicit switching using DCI format 2_0 is as follows:
· If the UE is not monitoring PDCCH on search space sets corresponding to group0 and the UE detects DCI format 2_0, then the UE switches to search space sets of group0 provided the search-space-set- switching field indicates a value of zero, and stops monitoring PDCCH on search space sets associated with group1.
· If the UE is not monitoring PDCCH on search space sets corresponding to group1 and the UE detects DCI format 2_0, then the UE switches to search space sets of group1 provided the search-space-set--switching field indicates a value of one. The UE also stops monitoring PDCCH on search space sets corresponding to group0 and starts a timer with a duration provided by the searchSpaceSwitchingTimer.
· If the UE is monitoring PDCCH on search space sets corresponding to group1, then the UE switches (or starts monitoring on) to search space sets of group0 and stops monitoring on group1 at either expiration of the searchSpaceSwitchingTimer or at the last slot of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0. 

[image: ]
Figure 1: Explicit search space set switching mechanism.
2.2	Implicit Switching
Implicit switching happens when the UE is not configured with the RRC searchSpaceSwitchTrigger-r16 parameter. The procedure is as follows:
-	if the UE detects a DCI format in group0, the UE switches to monitoring PDCCH according to SS set in group1 on the serving cell at a first slot that is at least P symbols after the slot in the active DL BWP. The UE sets the timer value to the value provided by searchSpaceSwitchingTimer-r16 if the UE detects a DCI format by monitoring PDCCH in any search space set. This applies to every subsequent detection of a DCI in any search space; if the timer is running the UE restarts the timer.
-	if the UE monitors SS sets in group1, the UE switches to monitoring SS sets in group0 at the beginning of the first slot that is at least P symbols after a slot where the timer expires or, if the UE is provided a search space set for DCI format 2_0, after a last slot of a remaining channel occupancy duration for the serving cell that is indicated by DCI format 2_0. 
The second bullet above implies that even in the implicit case, it is still possible to enforce a set switch from group 1 to group 0 given that the UE has been configured with a search space configuration for DCI format 2_0. However, note that DCI format 2_0 is configured in the common search space and potentially affects group transitions for all UEs with the same SFI-RNTI decoding the DCI; i.e. the set switching is not controlled on a UE-basis.
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Figure 2: Implicit search space set switching mechanism.

Note that a UE can be configured with up to 10 search spaces.

2.3	Using SS Set Switching for UE Power Savings
In typical eMBB traffic scenarios, the highest UE energy savings are expected from reducing PDCCH monitoring during the IAT durations [2]. It is desirable to remain in sparse monitoring, monitoring e.g. every 2nd, 4th, or 8th slot for most of the IAT while awaiting new a data burst and only invoke dense monitoring (e.g. every slot) once data in fact resumes. After the end of a data burst, it is favorable to quickly return to sparse monitoring. (it should be understood that all described SS switching occurs during active time.)
To provide power savings for the UE, it is possible to do the following using the implicit approach:
· Configure a search space set with sparse monitoring as group0. Associate a single desired DCI-format with this search space set. 
· Configure a search space set with dense monitoring as group1. 
· Associate the scheduling DCI (e.g. 1-1) with search space sets that correspond to group1. This can be any of the DCIs configured for the SS sets.
· Upon reception of the desired DCI-format(s) (may be any DCI that UE detects, associated with group0), the UE then switches to search space sets associated with group1 and monitor e.g. DCI 1-1. The timer is started, with a value is set according to the how long dense monitoring should continue after the last received packet.
· Upon reception of subsequent DCIs of any search space (including scheduling DCI 1-1), the timer is restarted.
· The UE remains in group 1 until the expiry of the timer or until the last slot of the remaining channel occupancy duration for the serving cell as indicated by DCI format 2_0.

[bookmark: _Toc37256393]The SS set switching feature permits configuring latency- and overhead-free SS adaptation during the IAT.
During the Rel-16 UE PS SI and in preparation for Rel-17, a PDCCH monitoring adaptation approach referred to as PDCCH skipping has been proposed by some companies. The skipping approach entails providing a skipping signal in a scheduling DCI, e.g. a DCI scheduling the last data packet in a DL buffer or before a round-robin scheduling gap for the given UE. The skipping signal alleviates the UE from PDCCH monitoring for a predetermined duration, after which it resumes monitoring.
The explicit SS set switching approach also allows configuring exactly the PDCCH skipping behavior, e.g. by configuring the SS set in group1 with a single SS without any monitoring occasions. 
[bookmark: _Toc5022906][bookmark: _Toc37256394]The SS set switching feature permits configuring mechanisms sometimes referred to as PDCCH skipping.
2.4	Making SS set switching available as a UE PS mechanism
Discussions about UE feature definitions are currently ongoing in most Rel-16 WI areas. The SS set switching feature is being prepared in the NR-U maintenance AI. In order to make this valuable mechanism broadly available for UE power saving improvements, the capability should be available in both licensed and unlicensed operation, and should preferably be defined as UE-specific, not band-specific. 
Proposal 1 [bookmark: _Toc37256453]The SS set switching feature in the Rel-16 NR-U WI shall be available for both licensed and unlicensed operation, and defined as UE-specific to facilitate the use of the mechanism for UE power saving.

Conclusion
In section 2, the following observations and proposals were made: 
Observation 1	The SS set switching feature permits configuring latency- and overhead-free SS adaptation during the IAT.
Observation 2	The SS set switching feature permits configuring mechanisms sometimes referred to as PDCCH skipping.
Proposal 1	The SS set switching feature in the Rel-16 NR-U WI shall be available for both licensed and unlicensed operation, and defined as UE-specific to facilitate the use of the mechanism for UE power saving.
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