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1. Introduction
According to WID [1] 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


Based on WID, 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. 

2. Discussion 
In this contribution, we discuss remaining issues on DCI-based power saving adaptation during DRX Active Time.
2.1. Regarding Type0/0A/1/2-PDCCH CSS set monitoring
One of the remaining issues concerns monitoring PDCCH scrambled by C-RNTI for Type 0/1/1A/2-PDCCH CSS set. ‘PDCCH skipping’ behavior was defined in the form of ‘Beh 1A’ in the RAN1#106-e as follows:
· Beh 1A: PDCCH skipping means stopping PDCCH monitoring for a duration X
Considering the intention of introducing ‘PDCCH skipping’, Beh 1A means that a UE stops to monitor all the PDCCHs in DRX Active Time.
According to TS38.321, the RNTIs controlled by a DRX functionality are listed as follows:
· the MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, and AI-RNTI. 
Which means some RNTIs including SI-RNTI, RA-RNTI, MsgB-RNTI, and P-RNTI are not controlled by a DRX functionality. If a UE is indicated by a DCI to shut down all the PDCCH monitoring, it is unclear whether the UE should keep monitoring PDCCH candidates for a DCI scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI, and P-RNTI or not. Considering that monitoring adaptation is configured for C-DRX, it seems appropriate that a UE should monitor PDCCH candidates for a DCI scrambled by RNTIs not controlled by a DRX functionality despite of skipping duration. And, in our understanding, a UE should stop monitoring PDCCH candidates for a DCI with CRC scrambled by C-RNTI (and other RNTIs) in skipping duration.
SI-RNTI, RA-RNTI, MsgB-RNTI, and P-RNTI are used to scramble DCI format for a Type0/0A/1/2-PDCCH CSS set. According to TS38.213, UE’s monitoring PDCCH candidates for a DCI with CRC scrambled by C-RNTI (and MCS-C-RNTI, CS-RNTI) is specified as follows:
· the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in the one or more search space sets in a slot where the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI, or P-RNTI. 
A UE monitors PDCCH candidates for a DCI with CRC scrambled by C-RNTI in a Type0/0A/1/2-PDCCH CSS set. It is specified for SSSG switching that a UE can be provided a group index for a Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList for PDCCH monitoring on a serving cell. In other words, Type0/0A/1/2-PDCCH CSS sets do not belong to any group and are always be monitored by a UE. 
For example, consider that SS set for paging, i.e. Type2-PDCCH CSS set, is configured for a UE to monitor per slot. A UE in RRC_CONNECTED shall monitor for SI change indication in any paging occasion at least once per modification period. Which means a UE doesn’t have to monitor PDCCH candidates for a DCI with CRC scrambled by P-RNTI in a Type2-PDCCH CSS set every slot. However, according to TS38.213 (described above), a UE has to monitor PDCCH candidates for a DCI with CRC scrambled by P-RNTI in a Type2-PDCCH CSS set every slot. 
If the UE needs to continuously monitor Type0/0A/1/1A/2-PDCCH CSS set in indicated skipping duration, the power saving gain on UE side would be affected. It is to limit the opportunity for the UE to turn off the RF chains. There is a big difference between turning off all PDCCH receivers and having to monitor at least one PDCCH. 
Observation 1: Based on TS38.213 and TS38.321, legacy UE monitors PDCCH candidates for a DCI with CRC scrambled by C-RNTI in a Type0/0A/1/2-PDCCH CSS set for a duration.
Observation 2: If monitoring behavior of Observation 1 is applied without modification to a UE indicated to skip for a duration, it will decrease power saving efficiency of monitoring adaptation.
Observation 3: If a UE does not monitor Type0/0A/1/2-PDCCH CSS set, a UE has the opportunities for turning off RF chains which gives benefits of power saving.

Thus, we need to define explicitly UE’s monitoring behaviors regarding PDCCH candidates for a DCI with CRC scrambled by C-RNTI in a Type0/0A/1/2-PDCCH CSS set after receiving indication of PDCCH skipping. In order to follow the original intention of skipping meaning that a UE skips all the PDCCHs in DRX Active Time, a UE should stop monitoring PDCCH candidates for a DCI with CRC scrambled by C-RNTI (and other RNTIs) in skipping duration. Monitoring PDCCH candidates for a DCI scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI, and P-RNTI cannot be stopped because these RNTIs are not controlled by DRX functionality. However, it has little impact on UE’s skipping. In the normal connected-mode DRX situation a UE rarely monitors PDCCH candidates for a DCI scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI, and P-RNTI. Therefore, if a UE should not monitor PDCCH candidates for a DCI with CRC scrambled by C-RNTI in a Type0/0A/1/2-PDCCH CSS set for a duration after receiving indication of PDCCH skipping, the UE seems to stop all the PDCCH monitoring. If a situation that a UE should monitor PDCCH candidates for a DCI scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI, and P-RNTI happens, it is more appropriate that a UE should monitor PDCCH candidates and put an end to the situation immediately.
Proposal 1: Support that a UE skips monitoring of PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI in any CSS and USS when UE is indicated skipping PDCCH monitoring for a duration.

2.2. Application delay and HARQ/retransmission
In the last meeting, the following working assumption and agreement for application delay and HARQ/retransmission were made.
	Working Assumption
· Upon detecting a scheduling DCI format 1-1/1-2/0-1/0-2 indicating SSSG switching (i.e., Beh 2/2A/2B),  
· the UE applies SSSG switching on an active BWP of the serving cell at a first slot that is at least Pswitch symbols after the last symbol of the PDCCH reception
· FFS: a minimum applicable scheduling offset is configured in the BWP
· Note: Pswitch is defined in Table 10.4-1 in TS38.213 
 
Agreement
· Upon detecting a scheduling DCI format 1-1/1-2/0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A), select one of the following schemes 
· Alt 1a: the UE applies Beh 1A on an active BWP of the serving cell at the first slot after the last OFDM symbol of the PDCCH reception 
· FFS: a minimum applicable scheduling offset is configured in the BWP
· FFS: whether the UE will monitor PDCCH when DRX Retransmission timer is running


Application delay for PDCCH skipping would be zero as agreed. However, one of the remaining issues is regarding HARQ/retransmission. According the current agreement, a UE should wait for the next PDCCH monitoring occasions for HARQ retransmission. As already agreed, skipping duration can be up to 100ms. If HARQ retransmission starts after such a long skipping duration, latency issues are unavoidable, especially for URLLC. Therefore, a UE should monitor PDCCH when DRX retransmission timer is running although the UE is in the skipping duration. 
Proposal 2: Support that a UE monitor PDCCH for retransmission scheduling while DRX Retransmission timer is running even if a UE is in skipping duration.

2.3. Monitoring adaptation and DRX timer
In the last meeting, the following agreement regarding RAN2 LS was made.
	Agreement
         It is RAN1 understanding that for DRX operation, 
· As DCP is monitored only outside active time, it cannot be missed due to PDCCH skipping as skipping applies only in active time.
Note: RAN1 is discussing whether PDCCH skipping duration can apply to outside active time.


As note stated, RAN1 discussed whether PDCCH skipping duration can apply to outside active time. PDCCH monitoring adaptation interaction with drx-InactivityTimer has been discussed until the last meeting. Only PDCCH skipping was discussed, but SSSG switching timer can be discussed in the same manner. We would like to emphasize that PDCCH monitoring adaptation is only applied during DRX Active Time as can be seen from WID [1] as follows:
a) 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] 
PDCCH skipping is only applied during DRX Active Time, therefore PDCCH skipping cannot affect monitoring of DCP occasion not in DRX Active Time. Furthermore we think that PDCCH monitoring adaptation should be limited to current DRX cycle where a DCI with monitoring adaptation field is detected. Although indicatable skipping duration and switching timer can be up to 100ms and they can overlap with the next DRX cycle, we don’t see the benefit of PDCCH monitoring adaptation applied to multiple DRX cycles. It is adequate that PDCCH monitoring adaptation is terminated upon expiry of drx-InactivityTimer. It is simple and no further specification work is needed.
Proposal 3: PDCCH monitoring adaptation should be terminated upon expiry of drx-InactivityTimer (or when UE enters outside DRX Active Time).

3. Conclusion
In this contribution, considerations for enhancements on power saving techniques for connected-mode UE are discussed, and followings are proposed;
Observation 1: Based on TS38.213 and TS38.321, legacy UE monitors PDCCH candidates for a DCI with CRC scrambled by C-RNTI in a Type0/0A/1/2-PDCCH CSS set for a duration.
Observation 2: If monitoring behavior of Observation 1 is applied without modification to a UE indicated to skip for a duration, it will decrease power saving efficiency of monitoring adaptation.
Observation 3: If a UE does not monitor Type0/0A/1/2-PDCCH CSS set, a UE has the opportunities for turning off RF chains which gives benefits of power saving.
Proposal 1: Support that a UE skips monitoring of PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI in any CSS and USS when UE is indicated skipping PDCCH monitoring for a duration.
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