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1. [bookmark: _Toc120549591]Introduction
The first version of Rel-17 UE power saving enhancements physical layer specification was approved by RAN plenary [1]. In this contribution, some remaining issues of PDCCH monitoring reduction during DRX active time will be discussed.
2. Discussion
2.1 UE behaviour related to SSSG switching timer 
In the RAN1#107-e meeting, the following agreement has been achieved [2], one FFS is how UE resets the timer.
Agreement
If a UE is provided with a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, the UE
-            resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot
o    Alt 2a: for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2
o    Alt 2b: for the Type3-PDCCH CSS set or the USS set
o    Alt 2c: with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI
-            otherwise, decrease the timer value by one after each slot.
-            FFS: When the timer expires in a slot

There were also some discussions of UE’s behaviour when timer expires in previous RAN1 meetings, some companies proposed to optimize it with the interaction of PDCCH skipping, but the current spec version captures that UE switches to the default SSSG (SSSG 0) in this case. From our point of view, the current spec description is enough and it is not necessary to optimize the time between timer expires and the end of PDCCH skipping duration.
As how UE resets the timer, since when the timers expires, UE will switch to SSSG#0, it makes no sense that UE resets the timer when UE detects the DCI format in SSSG#0 if UE has already monitoring it, that is Alt 2b and Alt 3 can not be supported.
Therefore, Alt 2a should be supported as the condition UE resets the timer, and when the timer expires in a slot, UE switches to the default SSSG (SSSG 0).
Proposal 1. If a UE is provided with a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, 
· the UE resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2;
· UE switches to the default SSSG (SSSG 0) when the timer expires in a slot.

In addition, the agreement says that UE decreases the timer value by one after each slot, but the current spec doesn’t reflect it, which should also be modified and the whole suggested text proposal is as the following:
Proposal 2. The TP suggestion for TS 38.213 section 10.4 is as the following:
<Unchanged text is omitted>
If a UE is provided group indexes for a Type3-PDCCH CSS set or a USS set by searchSpaceGroupIdList-r17 and a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, the UE
-	decrements the timer after a slot of an active DL BWP of the serving cell when the UE does not detect a DCI format in a PDCCH reception in the slot for TBD
-	resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2TBD
-	otherwise, decrements the timer after a slot of an active DL BWP of the serving cell
When the timer expires, the UE monitors PDCCH on the serving cell according to search space sets with group index 0.
<Unchanged text is omitted>
2.2 PDCCH monitoring adaptation application delay 
In the FL summary [3], the following proposal is provided by moderator. During the GTW, there were some discussions, for example, Alt 1c is excluded since have RRC impact, and most companies supported to handle the case of PDCCH skipping interaction with HARQ retransmission.
	The following application delay is considered for baseline 
-            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
o    Alt 1a: the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
o    Alt 1b: the UE applies Beh 1A on the serving cell at the first slot after the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended, e.g., the indication is applied in the next Zµ slot, where Definition of Zµ is described in Table 5.3.1-1 in TS38.214
o   Alt 1c:  For PDCCH skipping indication via 0-1/0-2(/1-1/1-2), the UE applies Beh 1A on the serving cell after an RRC configured delay for UL (DL). 
-            Upon detecting a scheduling DCI format 1-1/1-2/0-1/0-2 indicating SSSG switching (i.e., Beh 2/2A/2B),  select one of the following schemes
o    Alt 1a: the UE applies SSSG switching on the serving cell at a first slot that is at least Pswitch symbols after the last symbol of the PDCCH
o    FFS application delay when cross-slot scheduling adaptation are jointly configured
o     Alt 1b: the UE applies SSSG switching on the serving cell at a first slot that is after the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended, e.g., the indication is applied in the next Zµ slot, where Definition of Zµ is described in Table 5.3.1-1 in TS38.214
o     Alt 1c: the UE applies SSSG switching on the serving cell [TBD: Application delay] after the last OFDM symbol of HARQ-ACK transmission/PUSCH transmission
-            Upon SSSG timer exipry, UE performs Beh 2 at a first slot that is at least Pswitch symbols after a slot where the timer expires
-            FFS value of Pswitch, e.g., Table 10.4-1 in TS38.213 for search-space group switching

Select from below how to handle the case of PDCCH skipping interaction with HARQ retransmission, 
-            Alt 0: No additional UE behavior is specified.
-     Alt 1: During PDCCH skipping duration, the UE still performs PDCCH monitoring (i.e., Beh 1) when drx-RetransmissionTimerDL/UL is running
-           Alt 2:  For PDCCH skipping indication via 1-1/1-2, If the UE fails to decode the associated PDSCH and/or transmit a NACK, UE performs Beh 1 (i.e., the PDCCH skipping is stopped) at the first slot after the last OFDM symbol of the NACK transmission.
 -            Alt 4:  the UE applies Beh 1A next slot after the last OFDM symbol of ACK transmission, otherwise the indication is not applied.
 -            Other alternatives are not precluded
-       It is up to gNB to configure UE to follow the additional UE behaviour for PDCCH monitoring adaptation for PDCCH skipping interaction with HARQ retransmission



PDCCH skipping application delay
Regarding the PDCCH skipping delay, Alt 1c can be first excluded since it has additional RRC signalling impact. As the down selection between Alt 1a and Alt 1b, we think Alt 1a is much simple and reasonable, since UE can decode the PDCCH during one slot, and there is no other UE behaviour, e.g., adapt the minimum scheduling offset as Rel-16 cross-slot scheduling minimum offset indication, which doesn’t need additional PDCCH signalling processing delay.
Proposal 3. For PDCCH skipping application delay, Alt 1a is supported which the UE applies PDCCH skipping on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
PDCCH skipping interaction with HARQ retransmission
Another related issue is the interaction with HARQ retransmissions of PDCCH skipping. From our point of view, it is reasonable to solve this issue by specification, since there will be service delay or throughout decrease if the PDCCH is not decoded correctly. Alt 4 can be excluded first since the interaction must be applied after the ACK transmission, which will lose some PDCCH skipping gain between the PDCCH/PDSCH decoding and PUCCH transmission. As the down-selection between Alt 1 and Alt 2, we prefer Alt 1, beucase the drx-RetransmissionTimerDL/UL is running after drx-HARQ-RTT-TimerDL expires, which takes into account of gNB processing time of NACK transmission than Alt 2.
Proposal 4. For PDCCH skipping interaction with HARQ retransmission, Alt 1 is supported which UE still performs PDCCH monitoring when drx-RetransmissionTimerDL/UL is running.
SSSG switching application delay
The last remaining application delay issue is SSSG switching. Different from PDCCH skipping, which UE will not monitor any unicast scheduling DCI during the PDCCH skipping duration, SSSG switching is used to adapt the SSSG monitoring periodicity and UE still has some chance to perform scheduling DCI monitoring and the interaction with HARQ retransmission is not so critical than PDCCH skipping. Regarding the application delay, we think to reuse Rel-16 Pswitch (Alt 1a) is much reasonable since the Rel-17 SSSG switching is almost the same as Rel-16 behavior, except for the DCI signaling is different.
Proposal 5. For SSSG switching application delay, Alt 1a is supported which the UE applies SSSG switching on the serving cell at a first slot that is at least Pswitch symbols after the last symbol of the PDCCH.
3. Conclusions
In this contribution, remaining issues of PDCCH monitoring reduction during DRX active time are discussed, and the following proposals are made.
Proposal 1. If a UE is provided with a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, 
· the UE resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2;
· UE switches to the default SSSG (SSSG 0) when the timer expires in a slot.
Proposal 2. The TP suggestion for TS 38.213 section 10.4 is as the following:
· <Unchanged text is omitted>
· If a UE is provided group indexes for a Type3-PDCCH CSS set or a USS set by searchSpaceGroupIdList-r17 and a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, the UE
· -	decrements the timer after a slot of an active DL BWP of the serving cell when the UE does not detect a DCI format in a PDCCH reception in the slot for TBD
· -	resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2TBD
· -	otherwise, decrements the timer after a slot of an active DL BWP of the serving cell
· When the timer expires, the UE monitors PDCCH on the serving cell according to search space sets with group index 0.
· <Unchanged text is omitted>
Proposal 3. For PDCCH skipping application delay, Alt 1a is supported which the UE applies PDCCH skipping on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
Proposal 4. For PDCCH skipping interaction with HARQ retransmission, Alt 1 is supported which UE still performs PDCCH monitoring when drx-RetransmissionTimerDL/UL is running.
Proposal 5. For SSSG switching application delay, Alt 1a is supported which the UE applies SSSG switching on the serving cell at a first slot that is at least Pswitch symbols after the last symbol of the PDCCH.
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