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Introduction 
DCI-based adaption in PDCCH monitoring has been under discussion in RAN1. There are two possible types of adaptions: search space set group switching (SSSG) and PDCCH skipping. In this paper, we discuss a few RAN2 enhancements for supporting adaptive PDCCH monitoring.  
Discussion
In legacy, UE can perform UL transmission regardless of its DRX state. At end of that UL transmission, UE enters DRX active time because it needs to monitor PDCCH for network’s response. For example, UE may transmit scheduling request (SR) in the middle of DRX off time. As long as that SR is pending, UE monitors PDCCH in anticipation of UL grant from network. 
In the context of PDCCH skipping, after UE performs UL transmission, it shall monitor PDCCH for network’s response, regardless of whether the transmission occurs in the middle of PDCCH skipping or not. In addition, if UE has already been in DRX active time due to a prior UL transmission, even if it receives a DCI for PDCCH skipping, UE should ignore that DCI and continue monitoring PDCCH, until it receives a response from network.
Such UL transmissions should include:
· SR, and UE should ignore PDCCH skipping as long as the SR is still pending;
· Msg1/A transmission, and UE should ignore PDCCH skipping as long as it is within a RAR window or a MsgB response window;
· Msg3 transmission, and UE should ignore PDCCH skipping as long as contention resolution timer is running;
· UL HARQ feedback, and UE should ignore PDCCH skipping as long as UL HARQ reTx timer is running.
Proposal 1. 	UE ignores PDCCH skipping during the following time periods:
-	UE has sent a SR and the SR is still pending;
-	UE is within a RAR window or a MsgB response window;
-	Contention resolution timer is running;
-	UL HARQ retransmission timer is running.
If network tells UE to skip PDCCH monitor for a period of time, UE will not expect to be scheduled with DL assignment or UL grant during the skipped duration. However, periodic or semi-persistent CSI (P/SP-CSI) or periodic or semi-persistent SRS transmission would continue. If the skipped duration is not too long (e.g. comparable with the periodicity of CSI or SRS), CSI and SRS transmissions are still useful, because they can give network the latest channel measurements and help network make scheduling decisions once PDCCH skipping ends. However, if the skipped duration is long (e.g. longer than several transmission occasions of CSI or SRS), it is wasteful for UE to continue transmitting CSI or SRS during the skipped duration. It is more efficient if network can configure a threshold on PDCCH skipping duration over which UE is allowed to either skip or relax its periodic or semi-persistent CSI or SRS transmissions.
Proposal 2.  	Network can configure a threshold on PDCCH skipping duration over which UE may skip and relax its periodic or semi-persistent CSI or SRS transmissions. 
In legacy, UE is not required to monitor a DCP occasion during DRX active time. But since UE does not monitor PDCCH during PDCCH skipping, it is worth discussing whether UE should monitor DCP occasions during skipping. 
We think similar argument for CSI/SRS can be applied to DCP monitoring too. If a skipping duration is short, it is not power efficient for UE to have extra wakeup during skipping and monitor DCP, because UE soon will resume PDCCH monitoring anyway. On the other hand, if a skipping duration is long (e.g. comparable with a DRX cycle or even longer), then it makes sense for UE to monitor a DCP occasion, in case of there are new data arrival. Therefore, DCP monitoring during PDCCH skipping should also be made conditional on the length of the skipping duration.
Proposal 3.  	Network can configure a threshold on PDCCH skipping duration over which UE monitors DCP occasions during PDCCH skipping.
In a typical configuration, SSSG timer is expected to be shorter than DRX inactivity timer, so that UE first switches to default SSSG (typically is the more power efficient one) to reduce its PDCCH monitoring while waiting for DRX inactivity timer to expire. Therefore, at start of next DRX on duration, UE would start with the default SSSG. This behavior may not be desirable for delay sensitive applications such as XR. Ideally, UE should start with a high-throughput SSSG when it starts a new DRX on duration.
A similar scenario is BWP switching. Different BWPs may be configured for achieving different performance objectives. For example, default BWP may be the most power efficient one while a wide dedicated BWP is configured to achieve high throughput. Therefore, when UE activates a new BWP, it is desirable to have an initial SSSG for UE to use which matches the performance objective of that BWP. For example, when BWP inactivity timer expires and UE fallbacks to its default BWP, it should start using the power-efficient SSSG instead of the high-throughput one. When UE switches from default BWP to a high-throughput BWP, it should start using the high-throughput SSSG right away, instead of the default SSSG.  
In the above two scenarios, one may argue that network can always use DCI to switch UE to the best SSSG upon state transition. In theory that works, but it certainly comes with extra signaling cost and longer scheduling delay (e.g. in case the default SSSG is in use before a state transition, it takes longer to UE to get the switching DCI).
Proposal 4. 	Network can configure which SSSG UE shall use when it starts DRX on duration or activates a new BWP (including the first active DL BWP of a newly activated SCell). If the configuration is absent, UE uses the default SSSG.
Like all other power saving features, UE should be allowed to indicate its preferred configurations/parameters for adaptive PDCCH monitoring. More specifically, UE should be allowed to request its preferred set of PDCCH skipping duration(s) and SSSG switch timer via UE Assistance Information.
Proposal 5. 	UE can request its preferred skipping duration(s) and SSSG switch timer via UE Assistance Information.
Conclusion
Based on the above analysis, we’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1. 	UE ignores PDCCH skipping during the following time periods:
-	UE has sent a SR and the SR is still pending;
-	UE is within a RAR window or a MsgB response window;
-	Contention resolution timer is running;
-	UL HARQ retransmission timer is running.
Proposal 2.  	Network can configure a threshold on PDCCH skipping duration over which UE may skip and relax its periodic or semi-persistent CSI or SRS transmissions. 
Proposal 3.  	Network can configure a threshold on PDCCH skipping duration over which UE monitors DCP occasions during PDCCH skipping.
Proposal 4. 	Network can configure which SSSG UE shall use when it starts DRX on duration or activates a new BWP (including the first active DL BWP of a newly activated SCell). If the configuration is absent, UE uses the default SSSG.
Proposal 5. 	UE can request its preferred skipping duration(s) and SSSG switch timer via UE Assistance Information.
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