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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: OLE_LINK13]In this contribution, we will further discuss retransmission handling during PDCCH skipping duration. 
[bookmark: _Ref129681832]Discussion on HARQ retransmission handling during PDCCH skipping duration
In RAN1#109 meeting, handling of HARQ retransmission for PDCCH monitoring adaptation was discussed. However, it is FFS that whether the PDCCH skipping should consider the interaction with HARQ retransmission. The following proposal was provided in FL summary [1].
	[High]P3-3 (v2) - PDCCH skipping interaction with HARQ
Way forward 1:
Alt-1: Adopt the following Text Proposal in TS38.213
[bookmark: _GoBack]If a UE is indicated skipping PDCCH monitoring for a duration by a DCI format 1_1 and/or DCI format 1_2 that schedules a PDSCH reception, during the duration the UE monitors PDCCH when the drx-RetransmissionTimerDL of any HARQ process is running, if a PDCCH monitoring adaptation field is received during the duration for skipping PDCCH monitoring, the indication of PDCCH monitoring adaptation field is ignored by the UE.
Alt-2: Adopt the following Text Proposal in TS38.213
If PDCCH skipping duration overlaps with drx-RetransmissionTimerDL, UE should terminate skipping PDCCH monitoring when drx-RetransmissionTimerDL is running.
Alt-3: 
Conclusion: PDCCH skipping interaction with HARQ retransmission is not supported in Rel-17.
Way forward 2 (Alt 2):
Adopt the following Text Proposal in TS38.213
If PDCCH skipping duration overlaps with drx-RetransmissionTimerDL, UE should terminate skipping PDCCH monitoring when drx-RetransmissionTimerDL is running.



[bookmark: OLE_LINK9]Some companies comment that the issue can be avoided by implementation. Basically there can be the following two implementation methods.
The first implementation way is when indicating PDCCH skipping in a scheduling DCI, the gNB can schedule lower MCS or using lower coding rate to improve the reliability of the initial transmission of the scheduled PDSCH/PUSCH. However, this would not really resolve the issue and may always pay the additional resource overhead to handle this potential issue, which would be not always achievable when the load is heavy in the cell. 
Observation 1: It shall always pay the additional resource to use the DCI indicating PDCCH skipping schedule a PDSCH with low MCS, in order to avoid the retransmission issue by gNB implementation.
Some other implementation method is to use a scheduling DCI scheduling a PDSCH carrying a dummy MAC CE to indicate PDCCH skipping. This may resolve the retransmission issue, but it costs additional PDCCH transmissions. 
Observation 2: it costs additional PDCCH transmissions if a DCI scheduling dummy PDSCH is used to indicate PDCCH skipping and resolve the retransmission issue.
Observation 3: it cannot always resolve the issue of retransmission by gNB implementation considering additional cost on PDSCH and PDCCH transmission. 
Therefore, we would like to provide a more reliable mechanism in Rel-17 to guarantee the retransmission can be finished when PDCCH skipping is used.
One issue is the PDCCH skipping duration can be as long as 100ms. If the retransmission is not handled during the skipping duration, the overall data service latency shall be impacted significantly, and the UE perceived throughput shall be also impacted significantly. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Another issue is the UE may falsely detect a scheduling DCI which may also false indicating a PDCCH skipping for a duration as long as 100ms. Assuming the SCS is 30kHz and the UE blindly detects 36 PDCCH candidates in every slot, then in every second the UE may have about 0.00858 PDCCH candidates which are falsely detected as a detected DCI, which is calculated by 36*0.5*1000*2^-21. Therefore, for every 117 seconds, a false detected DCI shall happen on the UE. If a scheduling DCI is falsely detected, there are 50% and 75% percentage that the PDCCH adaptation field in the falsely detected DCI is indicating a PDCCH skipping, for the case of 1 bit and 2bits PDCCH adaptation fields, respectively. Although the probability of false detection rate of DCI is as low as 2^-21, a falsely detected PDCCH skipping still causes 100ms scheduling interruption for every 3.9 minutes (234 seconds) or 2.6 minutes (156 seconds) respectively. If the PDCCH skipping solution does not have any mechanism to work robustly when a falsely PDCCH skipping indication happens, the user experience shall be still impacted significantly in this case. 
Retransmission handling can be taken as a mechanism in addition to handle the issue of falsely detected PDCCH skipping. If a UE is allowed to detect the DCI during the retransmission timer of C-DRX, the UE could find that the current skipped duration was indicated by a falsely detected DCI considering the UE could receive the scheduling that is really transmitted by the gNB during the retransmission timer.   
Based on the discussion, Table 1 summaries the benefits of specifying a retransmission handling mechanism for PDCCH skipping:
Table 1 Benefits of specifying retransmission handling for PDCCH skipping 
	Benefit
	Specify retransmission handling
	Left to implementation

	Avoid additional latency for retransmission
	Yes
	Costs additional PDSCH resource and PDCCH transmission, and therefore may not be always applicable to be used.

	Resolve the issue of false detection of DCI indicating PDCCH skipping
	Yes
	No


Based on the discussion in RAN1#109-e meeting, most companies seem fine with Alt.1 or Alt. 2, i.e. during PDCCH skipping duration the UE still performs PDCCH monitoring (i.e., Beh 1) when drx-RetransmissionTimerDL is running, considering it can have the minimal standard effort to reuse the legacy timer in C-DRX. By Alt.1 or Alt.2, UE monitors PDCCH after it feedbacks NACK, which is beneficial for reducing the latency of service and can handle DCI false alarm issue. For Alt.1, when the retransmission timer expires, UE continues to skip PDCCH monitoring in the remaining PDCCH skipping duration as shown in Figure 1. For Alt.2, UE cancels the PDCCH skipping duration when the retransmission timer starts. By Alt. 2, the UE will lose some opportunities to skip PDCCH monitoring. Hence, Alt. 1 is preferred and the related CR is provided in [2].
Proposal: Adopt Alt.1 to handle the retransmission of PDCCH skipping.
[image: ]
[bookmark: _Ref91007439]Figure 1 An example for overriding the ‘PDCCH skipping indication’
As shown in Figure 1, during the PDCCH skipping duration UE will monitor scheduling PDCCH (i.e. the DCI 2) when the retransmission timer is running, in which the UE can also be indicated new PDCCH monitoring adaptation. So it should be clarified whether the PDCCH monitoring adaptation indication during the PDCCH skipping duration (i.e. the DCI 2) can override the PDCCH skipping indication before the PDCCH skipping duration (i.e. the DCI 1). To simplify UE’s implementation, it is preferred by us to let UE keep the original timeline, i.e. the adaptation indication in DCI2 is ignored and cannot override DCI1. 

Conclusion
In this contribution, retransmission handling for PDCCH skipping is discussed. Based on the discussion, we have the following observation and proposal.
Observation 1: It shall always pay the additional resource to use the DCI indicating PDCCH skipping schedule a PDSCH with low MCS, in order to avoid the retransmission issue by gNB implementation.
Observation 2: it costs additional PDCCH transmissions if a DCI scheduling dummy PDSCH is used to indicate PDCCH skipping and resolve the retransmission issue.
Observation 3: it cannot always resolve the issue of retransmission by gNB implementation considering additional cost on PDSCH and PDCCH transmission. 
Proposal: Adopt Alt.1 to handle the retransmission of PDCCH skipping.
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