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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#103-e meeting, candidate techniques for decreasing power consumption on PDCCH monitoring were narrowed down and agreed as follows:
	Agreements:
· Specify at least one of the following options for Rel-17 dynamic PDCCH adaptation in time-domain for active time,
· Option 1: Search space set group switching,e.g., potential adjustments/enhancements forincluding explicit and implicit search spaceset group switching specified in R16 for NR-U 
· Option 2: PDCCH skipping for a certain duration / DRX cycle
· FFS: which option(s)(e.g. taking into account additional gain of option 1 over option 2, or vice-versa)
· Candidate DCI formats for dynamic PDCCH adaptation include DCI formats 1_1(including scheduling and non-scheduling DCI), 0_1, 1_2, 0_2, 2_0, 2_6.
· Note:
· Companies are encouraged to provide analysis on specification impact, power saving benefit and system impact (e.g., packet latency, system overhead)
· FFS: other schemes are not precluded for further study


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. In addition to wake-up indication, it can be advantageous to inform the UE in advance whether monitoring adaptation techniques discussed in Rel-17 are applied at the beginning of DRX Active Time. When the UE wakes up, the number of candidates of SS sets to be used by a network can be smaller than the maximum number of candidates of SS sets (which could be configured up to 10 SS sets) to be monitored by the UE. In this case, it can be beneficial to adjust the number of candidates of the SS sets to be monitored by the UE from the power saving perspective. Thus, 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, when a network sends wake-up message, it can adjust the number of SS sets that the UE should monitor. 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
If SS set level activation/deactivation is introduced, 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.
Proposal 2: Consider supporting search space set level activation/deactivation for DCI-based PDCCH monitoring adaptation.
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) [3]. SS set group switching mechanism can be a good technique to adapt UE’s PDCCH monitoring periodicity. A UE can be provided a group index for SS sets by searchSpaceGroupIdList for PDCCH monitoring on a serving cell and a timer value by searchSpaceSwitchTimer for a serving cell. At most two groups (group index 0 and 1) per BWP can be configured for operation in unlicensed bands.
A UE operating in unlicensed bands can be indicated search space set group switching explicitly by DCI format 2_0. A UE is provided by SearchSpaceSwitchTrigger a location of a SS set group switching flag field for a serving cell in a DCI format 2_0 .The flag indicates a UE to start monitoring PDCCH according to SS sets with group index 1 and stop monitoring PDCCH according to SS 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. The switching from group index 0 to group index 1 is also indicated explicitly by the flag.
Also, a UE operating in unlicensed bands can be indicated search space set group switching implicitly. In this case, a UE is not provided by SearchSpaceSwitchTrigger for a serving cell. If a UE detects a DCI format by monitoring group index 0, the UE switches monitoring from group index 0 to group index 1. If the timer expires or the channel occupancy duration is over, the UE switches monitoring from group index 1 to group index 0.
For a DCI format 2_0, RB set indicator field, CO (channel occupancy) duration field and SS set switching flag are additionally supported for NR-U. Two fields of those, RB set indication and CD duration, are used only for a special environment like unlicensed bands. The two fields are not needed for power saving of a normal connected-mode UE. Therefore, using a DCI format 2_0 for a power saving purpose may not be appropriate.
If SS set group switching is introduced for power saving, we need to discuss whether to support implicit switching by detecting a DCI format or not. Switching only by detecting DCI formats might be problematic for a normal connected-mode UE considering power saving. For example, if implicit switching is introduced, a UE switches monitoring from group index 0 (periods of SS sets are generally long) to group index 1 (periods of SS sets are generally short) only by detecting a DCI format according to a SS set with group index 0. However, a network sends a DCI format for other purposes and there can be no need for the UE to monitor PDCCH frequently. The UE monitors PDCCH according to SS sets with group index 1 needlessly, which can be unnecessary power consumption. Thus, implicit switching may not be suitable for the purpose of power saving.
Observation 1: SS set group switching by detecting a DCI may cause unnecessary power consumption for a connected-mode UE.
PDCCH monitoring skipping
PDCCH monitoring skipping is also being discussed as one of the candidate techniques for power saving. It is also called go-to-sleep indication which means a DCI indicates a UE to stop monitoring PDCCH and sleep some duration. In this way, a network can indicate the UE not to monitor PDCCH for some duration where there will not be data traffic. Durations may be in units of slots or symbols. For flexible indication of skipping, multiple candidate values of skipping duration including indication of sleeping to the next DRX cycle needs to be configured in RRC signalling. 
However, if a UE is configured PDCCH monitoring skipping, there is a possibility a UE cannot handle a sudden data arriving. For example, unexpected traffic might occur after a UE is indicated to go to sleep to the next DRX cycle. In this case, a network has to wait until the next DRX on-duration of the UE and then transmit data. Therefore, not monitoring all SS sets may cause the worst case from latency perspective. Therefore, it seems to be needed for the UE to monitor PDCCH according to the minimal SS set(s) to cope with the worst cases.
Observation 2: Skipping monitoring all SS sets may impact the latency performance for a connected-mode UE.
Considering the design of DCI formats, some additional bits to indicate multiple durations of skipping can be added. For example, if non-sleeping, indication to the next DRX cycle, and two sleeping durations are configured for PDCCH monitoring skipping, two additional bits are needed. Meanwhile, if SS set group switching is configured (with two groups similarly to NR-U), only one additional bit will be enough because one switching flag can indicate a UE to switch from group index 0 to group index 1 or vice versa. Therefore, SS set group switching can be advantageous over PDCCH monitoring skipping. Moreover, for power saving, SS set group switching is easier to be introduced than PDCCH monitoring skipping because it can be based on and enhanced from that already specified in NR-U.
Proposal 3: Support SS set group switching for DCI-based PDCCH monitoring adaptation.
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. Thus, we can consider a scheduling DCI (DCI format x_1, x_2) and DCI format 2_6 as candidates.
First, we can use a 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 reinterpreting either existing field or unused bits can be considered.
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 reduced. 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 4: 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
· FFS: 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 index 0 to group index 1 and sends a scheduling DCI on SS set in group index 1, however, a UE may not receive a DCI indicating SS set group switching and therefore cannot monitor the SS set group index 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 index 1, the network sends a scheduling DCI on the default SS set(s) and the UE can be scheduled successfully. 
Regarding PDCCH monitoring skipping, the default SS set(s) can also be SS set(s) that the UE monitors even though the UE is indicated to go to sleep and stop monitoring PDCCHs. There is need to discuss which SS set(s) is suitable for the default SS set(s), for example, specific indexes of USS or some types of CSS may be possible.
Proposal 5: If the search space set group switching and/or PDCCH monitoring skipping 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 or sudden data transmission.
2.5. Case-based adaptation
When a DRX cycle is configured, drx-onDurationTimer is not the only time for the Active Time for serving cells in a DRX group. DRX Active Time also includes the times regarding 1) new transmission, 2) HARQ retransmission, 3) random access, and 4) scheduling request. We can consider applying different monitoring adaptations after DRX Active Time is extended by these times. For example, if SS set group switching is configured and ra-ContentionResolutionTimer or msgB-ResponseWindow is running, a UE can monitor only type-1 PDCCH CSS where random access response is expected. Also, if a scheduling request is sent on PUCCH and is pending, a UE can monitor only SS sets where UL grant is expected.
Proposal 6: UE can be configured to apply different PDCCH monitoring adaptations for different 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 search space set level activation/deactivation for DCI-based PDCCH monitoring adaptation.
Observation 1: SS set group switching by detecting a DCI may cause unnecessary power consumption for a connected-mode UE.
Observation 2: Skipping monitoring all SS sets may impact the latency performance for a connected-mode UE.
Proposal 3: Support SS set group switching for DCI-based PDCCH monitoring adaptation.
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