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Introduction

RAN2 has sent an LS on PDCCH skipping in RRC_CONNECTED on the impact of PDCCH skipping to SR and RA procedure [1].  RAN2 had reached the following agreements, 
1. UE ignores PDCCH skipping while the SR is pending.

2. If PDCCH skipping is applied to RNTI(s) monitored during RAR/MsgB window, the UE ignores PDCCH skipping during the RAR/MsgB window.

3. UE ignores PDCCH skipping while contention resolution timer is running.

RAN2 also had 4 questions regarding the UE behaviors of PDCCH monitoring during the DL procedures associated with SR, RACH, DCP, and the UL procedure of CSI feedback and SRS transmission as shown in [1], 

This contribution discusses the UE behavior of receiving PDCCH skipping indication from DCI format 1_1, 1_2, 0_1 or 0_2 at different scenarios in respond to RAN2 questions on PDCCH monitoring during RAR, DCP and UL procedures.   

Discussion of UE behavior with PDCCH skipping 

PDCCH skipping is to have dynamic L1 signaling in DCI format 1_1, 1_2, 0_1, or 0_2 to indicate the interval in terms of slot for UE to skip PDCCH monitoring.  The PDCCH skipping indication is for gNB to allow UE to reduce unnecessary PDCCH monitoring when there is no expected DL or UL activities at the indicated interval in achieving UE power saving.   The PDCCH skipping is the gNB indication of no DCI being transmitted for the given UE in the PDCCH monitoring occasion during the indicated skipping interval.  The UE power saving of reducing PDCCH monitoring by PDCCH skipping would depend on the gNB implementation to have precise indication of the skipping interval and scheduling DCI at the next UE PDCCH monitoring occasion.   The UE power saving from PDCCH skipping power saving technique also depends on the UE implementation in determining whether UE should monitor PDCCH during the indicated skipping interval.   UE implementation could decide to monitor any PDCCH occasion during the indicated skipping interval.   Thus, PDCCH skipping power saving techniques is mainly gNB and UE implementations to align the behavior of no DCI transmission/reception at the indicated skipping interval in order to achieve the UE power saving of reducing PDCCH monitoring

Proposal 1:  PDCCH skipping power saving techniques is mainly gNB and UE implementations to align the behavior of no DCI transmission/reception at the indicated skipping interval in order to achieve the UE power saving by reducing PDCCH monitoring

PDCCH Monitoring during RACH Procedure

It was agreed in RAN1#105-e that SSSG switching or/and PDCCH skipping for a duration is supported by DCI in scheduling DL/UL transmission and indicating PDCCH monitoring adaptation by DCI format 1_1, 0_1, 1_2 and 0_2.   The DCI format 1_1, 0_1, 1_2 and 0_2 with CRC scrambled by C-RNTI are the destined RNTI for DCI formats in enabling the PDCCH skipping.   However, any RNTI to scramble DCI format 1_1, 0_1, 1_2 and 0_2 should not be excluded from the use of PDCCH skipping.    
RAN2 asked the question whether PDCCH skipping is applied to RNTI(s) monitoring during RAR/MsgB window for RAR/MsgB reception.  In general, UE would monitor DCI format 1_0 with CRC scrambled by RA-RNTI or MsgB-RNTI for RAR/MsgB reception.  In Clause 10.1 of TS38.213 [2], UE will monitor DCI format 1_0 with CRC scrambled by the C-RNTI in the search space UE monitoring RA-RNTI or MsgB-RNTI 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.
The PDCCH skipping and UE monitoring of DCI format 1_0 or 0_0 for RAR/MsgB window are two independent events and should not occur in the same time since the RACH procedure, such as initial access, PDCCH ordering, BFR, and short message, should be triggered only when the normal PDSCH/PUSCH scheduling is not performed.    If the gNB knows that the RACH procedure is triggered and the RAR would be sent for a given UE in the serving cell, gNB should not send any scheduling DCI with PDCCH skipping indication.   If the gNB is not aware of RACH procedure triggered by the UE and send out the PDCCH skipping indication, UE might not monitor the scheduling DCI or UE could ignore the indicated PDCCH skipping by scheduling DCI in order to monitor the PDCCH for RAR reception.  Thus, it will be the choice of gNB and UE implementations for PDCCH monitoring during RAR/MsgB window for RAR/MsgB reception.  Thus, the proposed answers to Question 1 and 2 of RAN2 LS are as follows,

Proposal 2:  
Question 1: RAN2 would like to know whether PDCCH skipping is applied to RNTI(s) monitored during RAR/MsgB window for RAR/MsgB reception.
· Answer 1: The PDCCH skipping and UE monitoring of DCI format 1_0 or 0_0 for RAR/MsgB window are two independent events and should not occur in the same time since the RACH procedure, such as initial access, PDCCH ordering, BFR, and short message, should be triggered only when the normal PDSCH/PUSCH scheduling is not performed.  
Question 2: RAN2 would like to know if RAN1 prefers to capture the above agreements in RAN1 specification or prefer these to be captured in MAC specification.
· Answer 2: It is the choice of gNB implementation whether DCI should be transmitted during the indicated skipping interval and UE implementations of PDCCH monitoring during RAR/MsgB window for RAR/MsgB reception if the PDCCH skipping is indicated.   No specification impact of these behavior.  


[bookmark: OLE_LINK15]PDCCH Skipping and DCP

In RAN2 LS [1],  RAN2 also discussed the impact of PDCCH skipping on DCP monitoring. RAN2 has discussed following alternatives of interaction between PDCCH skipping and DCP monitoring as follows,
· Approach 1: If UE can not monitor DCP due to PDCCH skipping, physical layer of UE does not report Wake-up indication bit to higher layer. Higher layer reuses the ps-Wakeup to determine whether to start the drx-onDurationTimer or not.
· Approach 2: If UE can not monitor DCP due to PDCCH skipping, physical layer of UE reports a value of 1 for Wake-up indication bit to higher layer.
· Approach 3: PDCCH skipping only applies in Active Time and hence DCP cannot be missed due to PDCCH skipping.
[bookmark: _Hlk94881766]PDCCH skipping is included only in the scheduling DCI format 1_1, 1_2, 0_1 or 0_2 with CRC scrambled by C-RNTI.  The PDCCH skipping in the scheduling DCI would apply in Active Time when drx_OnDurationTimer is running.    When drx_OnDurationTimer extends and overlaps with the PDCCH monitoring window of DCI format 2_6 of next DRX cycle, UE will follow Rel-16 behavior of no DCI format 2_6 monitoring since DCI format 2_6 is only monitored outside Active Time.   Thus, Approach 3 aligns with RAN1 agreements in PDCCH skipping and PDCCH monitoring of DCI format 2_6 in Rel-16.   The proposed answered to Question 3 of RAN2 LS is as follows, 

[bookmark: _Hlk94882566]Proposal 3: 
Question 3: RAN2 would like to ask RAN1 whether a) Physical layer of UE reports a value of 1 for Wake-up indication bit to higher layer or b) Physical layer of UE does not report Wake-up indication bit to higher layer, in case UE cannot monitor DCP due to PDCCH skipping; or if Approach 3 can be assumed.
· Answer 3:  RAN1 agreements of PDCCH skipping is in the scheduling DCI only which implies that the PDCCH skipping applies in Active Time when drx_OnDurationTimer is running.   Thus, Approach 3 aligned with RAN1 agreements and framework of PDCCH skipping.  

[bookmark: _Ref86691671]PDCCH Skipping and UL transmission

The PDCCH skipping power saving techniques is for UE to reduce the power consumption on not to monitor the PDCCH at the indicated interval.   The PDCCH skipping is independent to all other events, such as DL CSI/RRM/RLM measurements and UL SRS/PUCCH transmission.   Thus, the proposed answer to RAN2 question 4 on whether UE transmitting CSI/SRS during indicated PDCCH skipping interval is as follows, 

[bookmark: _Hlk94882581]Proposal 4: 
Question 4: RAN2 would like to know whether UE should continue transmitting CSI/SRS during the PDCCH skipping duration or not? 
· Answer 4:  The PDCCH skipping is independent to all other events, such as DL CSI/RRM/RLM measurements and UL SRS/PUCCH transmission.   UE should continue its CSI/SRS transmission during the indicated PDCCH skipping interval.  

Conclusion
We have discussed the feature interaction of PDCCH skipping with RAR/MsgB reception, DCP, and UL CSI/SRS transmission from RAN2 LS R1-2200884.  We have the following proposals and proposed answers to those questions as follows, 
· Proposal 1:  PDCCH skipping power saving technique is mainly gNB and UE implementations to align the behavior of no DCI transmission/reception at the indicated skipping interval in order to achieve the UE power saving by reducing PDCCH monitoring

· Proposal 2:  
Question 1: RAN2 would like to know whether PDCCH skipping is applied to RNTI(s) monitored during RAR/MsgB window for RAR/MsgB reception.
· Answer 1: The PDCCH skipping and UE monitoring of DCI format 1_0 or 0_0 for RAR/MsgB window are two independent events and should not occur in the same time since the RACH procedure, such as initial access, PDCCH ordering, BFR, and short message, should be triggered only when the normal PDSCH/PUSCH scheduling is not performed.  
Question 2: RAN2 would like to know if RAN1 prefers to capture the above agreements in RAN1 specification or prefer these to be captured in MAC specification.
· Answer 2: It is the choice of gNB implementation whether DCI should be transmitted during the indicated skipping interval and UE implementations of PDCCH monitoring during RAR/MsgB window for RAR/MsgB reception if the PDCCH skipping is indicated.   No specification impact of these behavior.  
· Proposal 3: 
Question 3: RAN2 would like to ask RAN1 whether a) Physical layer of UE reports a value of 1 for Wake-up indication bit to higher layer or b) Physical layer of UE does not report Wake-up indication bit to higher layer, in case UE cannot monitor DCP due to PDCCH skipping; or if Approach 3 can be assumed.
· Answer 3:  RAN1 agreements of PDCCH skipping is in the scheduling DCI only which implies that the PDCCH skipping applies in Active Time when drx_OnDurationTimer is running.   Thus, Approach 3 aligned with RAN1 agreements and framework of PDCCH skipping.  
· Proposal 4: 
Question 4: RAN2 would like to know whether UE should continue transmitting CSI/SRS during the PDCCH skipping duration or not? 
· Answer 4:  The PDCCH skipping is independent to all other events, such as DL CSI/RRM/RLM measurements and UL SRS/PUCCH transmission.   UE should continue its CSI/SRS transmission during the indicated PDCCH skipping interval.  
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