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Introduction
In this contribution, we discuss the remaining issues of the PDCCH monitoring adaptation, in relation to our companion CR submissions [4], [5], [6].
Discussion 
[bookmark: _Ref92297796]SR and RACH procedure during PDCCH skip duration
In RAN2 #116bis-e, RAN2 made 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.


In relation to the agreements, RAN2 sent an LS [1] to RAN1 asking RAN1’s understanding. RAN1 discussed the LS in RAN1 #108-e and sent a response LS [2] to RAN2. In the discussion, it was generally understood by RAN1 that PDCCH skipping does not affect PDCCH monitoring during a RAR/MsgB window, while a contention resolution timer is running, or when a SR is pending. In RAN1 #109-e, it was further discussed how to capture the understanding in RAN1’s specification, and the following agreement and proposal have been made:
	Agreement
If the UE is indicated a skipping of PDCCH monitoring, UE terminates the skipping of PDCCH monitoring from the first slot after the last OFDM symbol of a positive SR transmission

[High] P2-1b(v7) RACH and PDCCH skipping
Down-select one of the following alternatives and captured in the TS38.213.
Alt 2: 
· The skipping of PDCCH monitoring does not applied during the time of ra-ResponseWindow or msgB-ResponseWindow or the duration where ra-ContentionResolutionTimer is running.
Alt 3 (modified):
· If the UE is indicated a skipping of PDCCH monitoring, the UE terminates the skipping of PDCCH monitoring from the first slot after the last OFDM symbol of a random access preamble transmission in a RACH occasion


The underlying principle of the above agreement is that, when a SR is pending at the UE during a PDCCH skip duration, the network can realize it only after receiving a SR transmission from the UE. Thus, it would be reasonable for the UE to terminate PDCCH skipping only after the transmission of SR.
Another important situation, which was overlooked in RAN1 #109-e, is that the UE transmits a Regular BSR on PUSCH without sending a SR. For example, a BSR MAC CE may be piggybacked on a DG PUSCH, which has been scheduled by a PDCCH received before the PDCCH skip duration starts and comes before the next nearest SR occasion. In another example, a BSR MAC CE may be piggybacked on a CG PUSCH transmitted during the PDCCH skip duration. In both cases, the pending SR is cancelled after transmitting the BSR. Thus, as in the discussion about the SR, in order not to delay the UL data transmission, PDCCH skipping should be terminated after the UE transmits a Regular BSR without a SR.
[bookmark: _Ref110454893][bookmark: P_1]Proposal 1: If a UE is indicated a skipping of PDCCH monitoring, the UE terminates the skipping of PDCCH monitoring from the first slot after the last OFDM symbol of a PUSCH carrying a MAC CE for a Regular BSR.
A RACH procedure involves multiple stages of PDCCH monitoring, which follow the transmission of a RA preamble. For example, when the RACH procedure is triggered by a beam failure recovery, the UE may expect to receive multiple DL grants for resetting control and data channel beams, outside the RAR window. Thus, ignoring PDCCH skipping just for the RAR/MsgB window and during the contention resolution would not be desirable, because it could delay the completion of the BFR procedure. As in the discussion on the SR procedure, it would be fair to let the UE to terminate PDCCH skipping after transmitting the RA preamble.
[bookmark: _Ref110454896][bookmark: P_2]Proposal 2: If a UE is indicated a skipping of PDCCH monitoring, the UE terminates the skipping of PDCCH monitoring from the first slot after the last OFDM symbol of a random access preamble transmission in a RACH occasion.
Text proposals for Proposal 1 and Proposal 2 are captured in a CR [4].

Monitoring of DCP during PDCCH skip duration
Related to monitoring of DCI format 2_6 (DCP) during a PDCCH skip duration and counting of the PDCCH skip duration outside DRX Active Time, the following agreements have been made in RAN1 #108-e and RAN1 #109-e:
	Agreement (RAN1 #108-e)
         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.

Agreement (RAN1 #109-e)
Down-select from the followings,
Alt-1
· The PDCCH skipping applies only in active time. The PDCCH skipping duration decrements by slot irrespective whether UE is in active time or not
Alt-2
· The PDCCH skipping applies only in active time. PDCCH skipping is terminated when UE goes into outside active time.


Rel-16 DCP monitoring and Rel-17 PDCCH skipping are independent power saving features and, most of all, DRX is a MAC procedure and PDCCH skipping is a PHY procedure. In that sense, Alt-2 in the above agreement (RAN1 #109-e) may require cross-layer interaction between the two procedures, which would complicate the system implementation. Thus, for simplicity, Alt-1 in the above agreement (RAN1 #109-e) is preferred.
[bookmark: _Ref110370766][bookmark: P_3]Proposal 3: The PDCCH skipping applies only in active time. The PDCCH skipping duration decrements by slot irrespective whether UE is in active time or not.
According to Proposal 3 and the agreements above, PDCCH skipping applies only in the DRX Active Time. This implies that DCP monitoring is an exception of PDCCH skipping – without the exception, since PDCCH skipping applies only for Type3 CSS and USS sets [3], DCP, which is transmitted in Type3 CSS set, would not be monitored during the skip duration. 
In addition to DCP (i.e., a DCI format with CRC scrambled by PS-RNTI), DCI formats associated with multicast and broadcast services, e.g., DCI formats with CRC scrambled by G-RNTI, G-CS-RNTI, MCCH-RNTI, should also be regarded as exceptions of PDCCH skipping – like DCP, multicast and broadcast DCI formats are transmitted in Type3 CSS, but they are not for unicast traffic and should not be affected by PDCCH skipping. 
To clearly capture all the exceptions in the RAN1’s specification, it is necessary to describe the list of DCI formats that are affected by PDCCH skipping.
[bookmark: _Ref110456970][bookmark: P_4]Proposal 4: During an indicated PDCCH skip duration, PDCCH monitoring activity only for DCI formats with CRC scrambled by C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, MCS-C-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, AI-RNTI, SL-RNTI, SLCS-RNTI, or SL Semi-Persistent Scheduling V-RNTI in Type3 CSS and USS sets is impacted.
A text proposal for Proposal 4 is captured in a CR [5].

[bookmark: _Ref92310009]HARQ retransmission handling
In RAN1 #108-e, the following has been agreed:
	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


In RAN1 #109-e, the second FFS point in the above agreement, i.e., handling potential HARQ retransmissions during the skip duration, has further been discussed without any consensus. The potential retransmissions can either be for any DG PDSCH/PUSCH whose grants have been received before starting the skip duration, or for any SPS PDSCH/CG PUSCH received/transmitted before or during the skip duration. Based on the previous agreement, the skip duration can be configured as long as 100 milliseconds. Thus, if the UE cannot receive retransmission grants during the skip duration, it may result in a significant latency performance loss.
A simple solution, which is captured in the second FFS point in the agreement above, allows discontinuous PDCCH monitoring by RTT and Retransmission timers during the skip duration. Assume a scenario where a scheduling DCI format indicates PDCCH skipping, and the potential retransmission is only for the PDSCH/PUSCH scheduled by the DCI format or SPS PDSCH/CG PUSCH. Then, HARQ retransmission handling for the scenario can be divided into four cases.
Case 1) DG PDSCH retransmission during PDCCH skipping 
Case 1-1) DG PDSCH decoding is successful


· UE reports a positive acknowledgement (ACK) for the DG PDSCH and does not start drx-RetransmissionTimerDL.
· UE skips PDCCH monitoring for the entire PDCCH skip duration.
Case 1-2) DG PDSCH decoding is unsuccessful


· UE reports a negative acknowledgement (NACK) for the DG PDSCH and starts drx-RetransmissionTimerDL after drx-HARQ-RTT-TimerDL expires.
· UE resumes PDCCH monitoring for a retransmission grant while drx-RetransmissionTimerDL is running.
· UE receives a retransmission grant and successfully decodes the TB with a PDSCH retransmission.
· UE does not start drx-RetransmissionTimerDL for the same HARQ process again since the TB has been successfully decoded.
Note: In Case 1-2, since the UE is required to receive a retransmission grant during the PDCCH skip duration, the power saving gain is reduced compared to Case 1-1. However, Case 1-2 only occurs at ~10% of DG PDSCH occasions and the overall power saving gain is dominated by Case 1-1.
Case 2) DG PUSCH retransmission during PDCCH skipping
	Case 2-1) DG PUSCH decoding is successful


· UE starts drx-RetransmissionTimerUL after drx-HARQ-RTT-TimerUL expires.
· UE resumes PDCCH monitoring for a potential retransmission grant while drx-RetransmissionTimerUL is running.
· UE does not receive a retransmission grant.
· UE does not start drx-RetransmissionTimerUL for the same HARQ process again since no retransmission grant has been received during the first drx-RetransmissionTimerUL duration.
	Case 2-2) DG PUSCH decoding is unsuccessful


· UE starts drx-RetransmissionTimerUL after drx-HARQ-RTT-TimerUL expires.
· UE resumes PDCCH monitoring for a potential retransmission grant while drx-RetransmissionTimerUL is running.
· UE receives a retransmission grant and retransmit the PUSCH.
· UE starts drx-RetransmissionTimerUL for the same HARQ process again.
Note: In Case 2, irrespective of whether PUSCH decoding is successful or not, the UE is required to resume PDCCH monitoring at least once during the PDCCH skip duration, and the power saving gain is reduced compared to Case 1. However, considering that the PDCCH skip duration can be very large for higher power saving gain, while the drx-RetransmissionTimerUL duration is typically much shorter, the loss of the gain can be kept marginal. If PUSCH decoding is unsuccessful (i.e., Case 2-2), the UE may need to resume PDCCH monitoring more than once during the PDCCH skip duration, and the gain loss can increase. However, Case 2-2 only occurs at ~10% of DG PUSCH occasions and the overall power saving gain is dominated by Case 2-1.
Case 3) SPS PDSCH retransmission during PDCCH skipping
	Case 3-1) SPS PDSCH decoding is successful


· UE receives an initial transmission of a SPS PDSCH during the PDCCH skip duration.
· UE reports a positive acknowledgement (ACK) for the SPS PDSCH and does not start drx-RetransmissionTimerDL.
· UE skips PDCCH monitoring for the entire PDCCH skip duration.
	Case 3-2) SPS PDSCH decoding is unsuccessful


· UE receives an initial transmission of a SPS PDSCH during the PDCCH skip duration.
· UE reports a negative acknowledgement (NACK) for the SPS PDSCH and starts drx-RetransmissionTimerDL after drx-HARQ-RTT-TimerDL expires.
· UE resumes PDCCH monitoring for a retransmission grant while drx-RetransmissionTimerDL is running.
· UE receives a retransmission grant and successfully decodes the TB with a PDSCH retransmission.
· UE does not start drx-RetransmissionTimerDL for the same HARQ process again since the TB has been successfully decoded.
Note: The procedure of Case 3 is similar to Case 1. However, unlike Case 1, the initial transmission of SPS PDSCH is received without any scheduling PDCCH during the PDCCH skip duration.
Case 4) CG PUSCH retransmission during PDCCH skipping
	Case 4-1) CG PUSCH decoding is successful


· UE transmits an initial transmission of CG PUSCH during the PDCCH skip duration.
· UE starts drx-RetransmissionTimerUL after drx-HARQ-RTT-TimerUL expires.
· UE resumes PDCCH monitoring for a potential retransmission grant while drx-RetransmissionTimerUL is running.
· UE does not receive a retransmission grant.
· UE does not start drx-RetransmissionTimerUL for the same HARQ process again since no retransmission grant has been received during the first drx-RetransmissionTimerUL duration.
	Case 4-2) CG PUSCH decoding is unsuccessful


· UE transmits an initial transmission of CG PUSCH during the PDCCH skip duration.
· UE starts drx-RetransmissionTimerUL after drx-HARQ-RTT-TimerUL expires.
· UE resumes PDCCH monitoring for a potential retransmission grant while drx-RetransmissionTimerUL is running.
· UE receives a retransmission grant and retransmit the PUSCH.
· UE starts drx-RetransmissionTimerUL for the same HARQ process again.
Note: The procedure of Case 4 is similar to Case 2. However, unlike Case 2, the initial transmission of CG PUSCH is transmitted without any scheduling PDCCH during the PDCCH skip duration.
During the discussion in RAN1 #109-e, there was a concern on handling UL retransmission as described in Case 2 and Case 4 above – since the UE need to resume PDCCH monitoring at least once during the PDCCH skip duration irrespective of the outcome of PUSCH decoding, the power saving gain is reduced. Thus, as a compromise, only supporting DL retransmission handling, i.e., Case 1 and Case 3 above, was suggested. However, the suggested solution is imbalanced and incomplete since the UL transmission suffers from the increased latency, while the DL transmission does not. Also, as noted above, the additional loss in the power saving gain by supporting UL retransmission can be kept marginal by configuring the drx-RetransmissionTimerUL duration much shorter than the PDCCH skip duration. Therefore, a complete solution, i.e., HARQ retransmission handling during the PDCCH skip duration for both DL and UL should be supported.
[bookmark: _Ref110457762][bookmark: P_5]Proposal 5: During a PDCCH skip duration, UE will discontinuously monitor PDCCH while drx-RetransmissionTimerDL or drx-RetransmissionTimerUL is running.
A text proposal for Proposal 5 is captured in a CR [6].
Conclusions
Proposal 1: If a UE is indicated a skipping of PDCCH monitoring, the UE terminates the skipping of PDCCH monitoring from the first slot after the last OFDM symbol of a PUSCH carrying a MAC CE for a Regular BSR.
Proposal 2: If a UE is indicated a skipping of PDCCH monitoring, the UE terminates the skipping of PDCCH monitoring from the first slot after the last OFDM symbol of a random access preamble transmission in a RACH occasion.
Proposal 3: The PDCCH skipping applies only in active time. The PDCCH skipping duration decrements by slot irrespective whether UE is in active time or not.
Proposal 4: During an indicated PDCCH skip duration, PDCCH monitoring activity only for DCI formats with CRC scrambled by C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, MCS-C-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, AI-RNTI, SL-RNTI, SLCS-RNTI, or SL Semi-Persistent Scheduling V-RNTI in Type3 CSS and USS sets is impacted.
Proposal 5: During a PDCCH skip duration, UE will discontinuously monitor PDCCH while drx-RetransmissionTimerDL or drx-RetransmissionTimerUL is running.
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