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1. Introduction
According to WID on UE power saving enhancements, followings will be studied and specified in this WI; 
	· Study and specify, if agreed, enhancements on power saving techniques for connected-mode UE, subject to minimized system performance impact [RAN1, RAN4]
· Study and specify, if agreed, extension(s) to Rel-16 DCI-based power saving adaptation during DRX Active Time for an active BWP, including PDCCH monitoring reduction when C-DRX is configured [RAN1]
· NOTE: Rel-15 and Rel-16 available power saving solutions should be supported by the UE and included in the evaluation. RAN1 will ask the confirmation from RAN2 that Rel-15 and Rel-16 available power saving solutions are properly utilized


In this contribution, we discuss considerations for enhancements on power saving techniques for connected-mode UE.
2. Discussion 
As stated in the WID [1], one of Rel-17 power saving techniques is enhancements on power saving techniques for connected-mode UE, more specifically extension(s) to Rel-16 DCI based power saving adaptation during DRX Active Time for an active BWP. 
In NR, a UE performs channel estimations and blind decodes on candidates given by CORESETs and search space set configurations. The channel estimation and blind decoding are one of the main factors of UE’s power consumption on connected-mode. From the power saving perspective, it is useful to reduce unnecessary channel estimations and blind decodes. In the RAN1#102-e meeting [2], candidate techniques for decreasing power consumption on PDCCH monitoring were summarized as follows:
· Search space set group switching
· PDCCH skipping which indicate to change PDCCH monitoring behaviour, e.g., 
· to monitor PDCCH or to skip monitoring PDCCH
· to skip PDCCH monitoring for a certain duration
· to adapt to different PDCCH parameters
· search space set level activation/deactivation
In this contribution, we discuss candidate techniques for PDCCH monitoring adaptation for Rel-17 power saving. For triggering PDCCH monitoring adaptation, we can consider Scheduling DCI (i.e. DCI format x_1, x_2) or non-scheduling DCI (e.g. DCI format 2_6). 
2.1. DCI format 2_6 outside DRX Active Time
In Rel-16, new DCI format (i.e., DCI format 2_6) was introduced to indicate whether to wake up or not on next long DRX cycle. It means that the UE is indicated to monitor or skip monitoring all configured SS sets in the corresponding on-duration by wake-up message from the DCI. From the power saving perspective, it is not necessary to monitor all the configured SS sets (which could be configured up to 10 SS sets), because a network knows which SS set(s) is used for PDCCH transmission. Therefore, DCI format 2_6 outside DRX Active Time can be used for indicating PDCCH monitoring adaptation inside DRX Active Time.
DCI format 2_6 outside DRX Active Time can indicate to a UE PDCCH monitoring adaptation where both SS set level activation/deactivation and SS set group switching can be possible. For example, if a UE receives wake-up message from the DCI, a network wants to transmit PDCCH and knows which SS set(s) is used for. Therefore, the UE doesn’t have to monitor all configured SS sets, and can monitor only e.g., a subset of them indicated by DCI format 2_6 when starting DRX on-duration.
For indicating PDCCH monitoring adaptation, an additional field of DCI format 2_6 may be needed or existing field (e.g. SCell dormancy field for UEs not configured with carrier aggregation) can be reused. We need to discuss whether to support the DCI format 2_6 that indicates PDCCH monitoring adaptation inside DRX Active Time and if supported, which modification of existing DCI format 2_6 is needed.
Proposal 1: Discuss whether and how the DCI format 2_6 outside DRX Active Time indicates PDCCH monitoring adaptation inside DRX Active Time.
2.2. PDCCH monitoring adaptation during DRX Active Time
Search space set level activation/deactivation
A network can dynamically manage SS sets UEs should monitor based on UEs’ traffic pattern. If DCI format 2_6 outside DRX Active Time can indicate which SS set(s) should be monitored inside DRX Active Time and additional SS set(s) is necessary (or if SS set indicated by DCI format 2_6 is not needed to be monitored) during DRX Active Time, a UE can be indicated to activate (or deactivate) the SS set(s) by receiving DCI during DRX Active Time. As can be indicated in detail, a larger number of DCI bits may be required. For indicating up to 10 SS sets, 10 DCI bits is needed. Therefore, to minimize the burden of adding DCI bits, study on how to effectively indicate each SS set is needed.
Search space set group switching
SS set group switching has been introduced for the NR operation with shared spectrum channel access (i.e. NR-U). SS set group switching mechanism can be a good technique to adapt UE’s PDCCH monitoring periodicity. For example, UE’s SS sets are divided into two groups #0 and #1, and group #0 can be configured with shorter monitoring periodicity and group #1 can be configured with longer monitoring periodicity. DCI triggers the UE switch between two groups. Similarly, the UE in DRX Active Time can monitor group #0 to receive data packet and be switched to monitor group #1 by DCI indication to reduce power consumption. For introducing SS set group switching into power saving, the number of SS set groups and the criteria for dividing SS sets into multiple groups should be studied.
Proposal 2: Consider supporting the following PDCCH monitoring adaptation techniques during DRX Active Time
· Search space set level activation/deactivation
· Search space set group switching
2.3. Triggering DCI
To make SS set group switching mechanism applicable for licensed band operation, there is no need for a UE to switch the search space depending on DCI format 2_0. SS set level activation/deactivation also doesn’t have to be triggered by group-common signaling. UE’s power saving is dependent on individual traffic condition, thus, it is natural that indication of PDCCH monitoring adaptation should be based on UE-specific signaling. 
First, we can use scheduling DCI to trigger PDCCH monitoring adaptation. UEs can be scheduled and indicated to adapt PDCCH monitoring by one scheduling DCI. For this, an additional field of scheduling DCI may be needed or existing field can be reused by freezing some reserved or unused bits.
[bookmark: _GoBack]DCI format 2_6 can be another potential DCI indicating PDCCH monitoring adaptation during DRX Active Time. We can reuse the field of DCI format 2_6 (i.e. wake-up indication and SCell dormancy) and network signaling overhead can be minimized. If DCI format 2_6 is supported to indicate PDCCH monitoring adaptation during DRX Active Time, it can be monitored during DRX Active Time. Therefore, we need to discuss whether and how to define the monitoring window for DCI format 2_6 inside DRX Active Time.
Proposal 3: For triggering PDCCH monitoring adaptation during DRX Active Time, the following DCI formats are considered for further discussion:
· Scheduling DCI (DCI format x_1, DCI format x_2)
· DCI format 2_6
Proposal 4: Discuss whether and how to define the monitoring window for DCI format 2_6 inside DRX Active Time.
2.4. Handling error cases
We should consider missing case of DCI indicating PDCCH monitoring adaptation. For example, a network indicated SS set group switching from group #0 to group #1 and sends scheduling DCI on SS set in group #1, however, a UE may not receive SS set group switching DCI and therefore cannot monitor the SS set group #1. For handling these error cases, we can consider default SS set(s) which the UE always monitors regardless of PDCCH monitoring adaptation or the UE returns to monitor after a certain period time. If a network didn’t receive HARQ-ACK of PDCSH scheduled by a DCI on SS set in group #1, the network sends a scheduling DCI on the default SS set and the UE can be scheduled successfully. 
Proposal 5: If the search space set level activation/deactivation or the search space set group switching is supported, the default SS set(s) which a UE always monitors or returns to monitor after a certain period of time for PDCCH monitoring adaptation should be considered for handling error cases.
3. Conclusion
In this contribution, reduced PDCCH monitoring for RedCap UEs is discussed, and followings are observed and proposed;
Proposal 1: Discuss whether and how the DCI format 2_6 outside DRX Active Time indicates PDCCH monitoring adaptation inside DRX Active Time.
Proposal 2: Consider supporting the following PDCCH monitoring adaptation techniques during DRX Active Time
· Search space set level activation/deactivation
· Search space set group switching
Proposal 3: For triggering PDCCH monitoring adaptation during DRX Active Time, the following DCI formats are considered for further discussion:
· Scheduling DCI (DCI format x_1, DCI format x_2)
· DCI format 2_6
Proposal 4: Discuss whether and how to define the monitoring window for DCI format 2_6 inside DRX Active Time.
Proposal 5: If the search space set level activation/deactivation or the search space set group switching is supported, the default SS set(s) which a UE always monitors or returns to monitor after a certain period of time for PDCCH monitoring adaptation should be considered for handling error cases.
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