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Introduction
In 3GPP TSG RAN1#107-e meeting, the agreements about PDCCH monitoring adaptation were reached as follows [1].
	Agreement
The following agreement in RAN1#106-E is updated as follows,
Agreement(extracted from RAN1#106-E)
· At most 2 bit indication in self-scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) can be specified for triggering the PDCCH monitoring adaptation in a single cell
· FFS: the bit size of the indication is configurable 
· FFS: bit mapping to the PDCCH monitoring behaviour 
· FFS: details of indication of multiple cells case
· A new indication field in scheduling DCI is used for indicating PDCCH monitoring adaptation
Agreement
Confirm the working assumptions with the following updates (extract from RAN1#106-bis agreements)
· The value of the timer in slots for monitoring PDCCH in the active DL BWP of the serving cell before moving to the default search space group is 
· {1,2,3,…,20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,
· {1,2,3,…,40, 60, 80, 100, 100,160,200} for 30 kHz SCS,
· {1,2,3,…,80, 120, 160, 200, 240, 320,400} for 60kHz SCS,
· {1,2,3,…,160, 240, 320,400, 480, 640,800} for 120kHz SCS
Agreement
· For Case 4 (i.e., 2 SSSG switching with PDCCH skipping) , one of the following is supported
· Alt a: 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· If M = 1, then 
· ‘00’ is Beh 2 
· ‘01’ is Beh 2A 
· ‘10’ is Beh 1A (stay in current SSSG)
· [‘11’ is reserved]
· If M = 2, then 
· ‘00’ is Beh 2
· ‘01’ is Beh 2A 
· ‘10’ is Beh 1A for duration T1  (stay in current SSSG)
· ‘11’ is Beh 1A for duration T2  (stay in current SSSG)
· Note: for  ‘00’ and ‘01’, UE performs Beh 1(i.e., does not perform PDCCH skipping )
· Note: By a single DCI indication, a UE is not expected to simultaneously perform two behaviors of SSSG switching and PDCCH skipping.
FFS SSSG switching timer behavior, and timer value related to the value of T1/T2

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

Agreement
-            For value X in Beh 1A, candidate skipping values are
o    Up to [100ms] length is supported,
o    The X is configured and indicated in the unit of slot.
o    Working assumption for candidate values for X
o    {1,2,3,…,20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,
o    {1,2,3,…,40, 60, 80, 100, 120,160,200} for 30 kHz SCS,
o    {1,2,3,…,80, 120, 160, 200, 240, 320,400} for 60kHz SCS,
o    {1,2,3,…,160, 240, 320,400, 480, 640,800} for 120kHz SCS
o    FFS: Equal to or longer than the applicable minimum scheduling offset
o    FFS: additional  symbol level / PDCCH monitoring period level skipping duration


In this contribution, the remaining issues of PDCCH monitoring adaptation including the timer for SSSG switching, application delay, etc. are discussed.

PDCCH monitoring adaptation
In 3GPP TSG RAN1 #107-e meeting, some agreements were reached for the common design of PDCCH skipping and SSSG switching. In this section, further discussions are given. 

SSSG switching timer and PDCCH skipping duration
Configuration of SSSG switching timer and PDCCH skipping duration
In previous meetings, the agreements and discussion about the SSSG switching timer and PDCCH skipping duration are shown as follows. 
	Agreement (RAN1 #106bis-e)
Select one of the alternatives from the following:
-      Alt 1: Separate RRC configuration for timer value(s) is supported for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 respectively.
-      Alt 2: the timer value(s) for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per cell.
-      Alt 3: the timer value(s) for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per BWP.
Possible Agreement(RAN1 #107-e)
Down-select from the following alternatives
Alt1 (i.e., per BWP configuration for PDCCH skipping duration and SSSG switching timer):
· The timer value for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per BWP.
· the PDCCHSkippingDurationList-r17 is configured per BWP.
Alt 2 (i.e., per SSSG per BWP configuration for PDCCH skipping duration and SSSG switching timer)
· The timer value(s) are configured per BWP and separate RRC configuration for timer value(s) is supported for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 respectively 
· the PDCCHSkippingDurationList-r17 is configured per BWP and per SSSG.


According to the possible agreement in RAN1#107-e meeting, the SSSG switching timer and PDCCH skipping duration are discussed together and are configured at least per BWP. The difference between the two alternatives is whether the configurations are per SSSG.
For alternative 2(i.e., per SSSG per BWP configuration for PDCCH skipping duration and SSSG switching timer), the benefits of supporting separate timer value(s) and PDCCH skipping duration for different SSSGs have not been verified. In addition, the bit width of the DCI field is hard to be determined if the number of PDCCH skipping durations for different SSSGs are not aligned. For example, if no PDCCH skipping duration is configured for SSSG #1, the required bit width is 1 bit. However, if two PDCCH skipping durations are configured for SSSG #2, the required bit width is 2 bits. In this case, it would need further effort to study how to determine the bit width and bit map of the DCI field.
[bookmark: _Toc92808126]It will be difficult to determine the bit width of the PDCCH monitoring adaptation field in DCI if the number of PDCCH skipping durations for different SSSGs are not aligned.
Therefore, it is sufficient to configure PDCCH skipping duration and SSSG switching timer per BWP, which requires no extra workload.
[bookmark: _Toc92808130][bookmark: _Toc27293]Support per BWP configuration for PDCCH skipping duration and SSSG switching timer,
[bookmark: _Toc14699][bookmark: _Toc92808131]			- The timer value for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per BWP.
[bookmark: _Toc92808132][bookmark: _Toc25796]			- The PDCCHSkippingDurationList is configured per BWP.

Operation for SSSG switching timer during a PDCCH skipping duration
One issue that should be considered is whether a SSSG switching timer continues to run during a PDCCH skipping duration. Since the UE does not monitor PDCCH during the PDCCH skipping duration, the SSSG switching timer will decrement in each slot. The UE behavior when SSSG switching timer expires during the PDCCH skipping duration also need clarification if the SSSG switching timer is running. So stopping the SSSG switching timer when UE performs PDCCH skipping will address this issue.
[bookmark: _Toc3744][bookmark: _Toc92808133]Stop the SSSG switching timer if PDCCH skipping indication is detected.

UE behavior after PDCCH skipping duration
The other issue is how to define the UE behavior after the end of the skipping duration when both PDCCH skipping duration and SSSG are configured. In our view, UE can monitor PDCCH according to SSSG #0 after the end of the skipping duration, which can resolve the issue of potential miss detection before the PDCCH skipping indication. 
[bookmark: _Toc86845612][bookmark: _Toc87033081][bookmark: _Toc15346][bookmark: _Toc92808134][bookmark: _Toc26656][bookmark: _Toc29637][bookmark: _Toc17771][bookmark: _Ref20838]UE switches to SSSG #0 after the end of PDCCH skipping duration if both PDCCH skipping duration and SSSG are configured. 

Reset of SSSG switching timer
The agreement about when to reset and decrease the SSSG switching timer in RAN1 #107-e meeting is shown as below.
	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


Before the discussion about the reset of SSSG switching timer, it should be pointed out that the condition of these alternatives is that the timer is running. However, it should be clarified first when/how to trigger the start of the timer.
In NR-U, the start of searchSpaceSwitchTimer is triggered when the UE is indicated to switch to SSSG #1. Similarly, the searchSpaceSwitchTimer-r17 can be triggered when UE receives DCI indicating SSSG #1 or SSSG #2.
[bookmark: _Toc10452][bookmark: _Toc92808135]Similar with the legacy mechanism in NR-U, it should be clarified that the start of searchSpaceSwitchTimer-r17 is triggered when UE receives DCI indicating SSSG #1 or SSSG #2 if configured.
According to above discussion, the timer is triggered according to the information indicated by the DCI. So the timer should also be reset when UE receives DCI which indicates SSSG #1 or SSSG #2. If Alt 2a is down-selected, the timer cannot be reset if DCI indicating SSSG #1 or SSSG #2 is detected in USS set without SSSG ID. Since the DCI format 0-1/0-2/1-1/1-2 can be used to indicate a PDCCH monitoring adaptation, Alt 2b seems more reasonable.
[bookmark: _Toc30240][bookmark: _Toc92808136]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 
· [bookmark: _Toc15111][bookmark: _Toc92808137]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.
· [bookmark: _Toc20319][bookmark: _Toc92808138]otherwise, decrease the timer value by one after each slot.
	Text proposal #1 on 38.213:
10.4	Search space set group switching and skipping of PDCCH monitoring

[bookmark: OLE_LINK23]<Unchanged parts are 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, the UE
- set the timer after a slot of an active DL BWP of the serving cell when the UE detects a DCI which indicates UE monitors PDCCH on the serving cell according to search space sets with group index 1or search space sets with group index 2.
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 Type3-PDCCH CSS set or the USS setTBD.
-	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 Type3-PDCCH CSS set or the USS setTBD.
When the timer expires, the UE monitors PDCCH on the serving cell according to search space sets with group index 0.
<Unchanged parts are omitted>



Other triggering method
Some events, such as scheduling request (SR) indicated by UE, beam failure detection, or random access procedure in RRC connected mode due to out-of sync, should be considered to trigger UE to a behavior with PDCCH monitoring.
For example, if these events during a skipping duration occur, UE should monitor PDCCH in response to these events according to all of search space sets configured in the DL active BWP or search space sets in SSSG#0. 
[bookmark: _Toc92808139][bookmark: _Toc86845613][bookmark: _Toc7873][bookmark: _Toc27872][bookmark: _Toc87033082]The UE should monitor PDCCH according to all of search space sets configured in the DL active BWP or SSSG#0 when the following events occur during a skipping duration.
[bookmark: _Toc92808140][bookmark: _Toc14770][bookmark: _Toc8893][bookmark: _Toc86845614][bookmark: _Toc87033083]SR indicated by the UE,
[bookmark: _Toc86845615][bookmark: _Toc1128][bookmark: _Toc92808141][bookmark: _Toc7358][bookmark: _Toc87033084]beam failure detection, or 
[bookmark: _Toc87033085][bookmark: _Toc15180][bookmark: _Toc86845616][bookmark: _Toc92808142][bookmark: _Toc27954]random access procedure in RRC connected mode due to out-of sync, etc. 
The above additional triggering methods aim to reduce latency and improve UE experience. It has been agreed that the PDCCH monitoring adaptation can be indicated by scheduling DCI format 0-1/0-2/1-1/1-2. The other triggering methods (e.g., using dormancy SCell indication field indication) which do not provide more benefit should not be considered due to limited time.
[bookmark: _Toc92808143][bookmark: _Toc706]Reusing/extending the dormancy indication field or DCI format 2-6 to indicate PDCCH monitoring adaptation is not considered.
PDCCH monitoring adaptation indication in CA mode
In RAN1 #107-e meeting, the following proposal was discussed.
	[bookmark: _Hlk88212309][Medium] proposal 6-1 (v2)
For Rel-17 DCI based PDCCH monitoring adaptation , and when UE is configured CA, down-selection of the following alternatives
· Alt 0: one PDCCH indicates adaption only for single cell PDCCH monitoring adaptation is only applied to the scheduled cell (including self-scheduling and  cross-carrier scheduling)
· Alt 1: The adaptation can be applied to all CCs within a RRC configured CC group.
· Indication of PDCCH monitoring adaptation is transmitted on only one CC of the CC group
· The indicated PDCCH monitoring adaptation is applied to all cells in the same CC group
· The maximum number of cells in the configured CC group is [16]
· Support up to [4] CC groups for a single UE.
· Monitoring adaptation indication across different CC groups is not support.
· Alt 2: Extend dormancy indication field in scheduling DCI to indicate PDCCH monitoring adaptation when multiple cell are configured
· FFS details, e.g., Support PDCCH monitoring adaptation for multiple cells using DCI 1-1 format, at least based on case 2 dormancy-like indication and using a new RNTI configured by higher layers


As discussed above, the PDCCH skipping duration is configured per BWP. The UE will perform different skipping durations on multiple cells if one adaptation indication can be applied to all CCs within an RRC configured CC group. Another concern about Alt 1 is that the gNB cannot indicate UE to switch to a power saving state if there is data transmission in any one of the CC in the CC group. Therefore, UE has little chance to enter into power saving state with the mechanism of bundling multiple CCs in one CC group. 
For Alt 0, the indication is more flexible and gNB can indicate UE to switch to or out of a power saving state for each serving cell separately. Therefore, Alt 0 is preferred.
[bookmark: _Toc92808127]For Alt 1, gNB cannot indicate UE to switch to a power saving state until the data transmission has been finished in all CCs, which is not beneficial to UE power saving.
[bookmark: _Toc92808144][bookmark: _Toc4660]One PDCCH indicates adaption only for single cell. PDCCH monitoring adaptation is only applied to the scheduled cell (including self-scheduling and cross-carrier scheduling).

Application delay for PDCCH monitoring adaptation
The application delay for PDCCH monitoring adaptation was discussed in previous meetings. The following proposal was discussed in RAN1 #107-e meeting.
	[bookmark: _Hlk88212289][High] Proposal 5-1 (v7)
Down-select from the following alternatives for application delay of PDCCH monitoring adaptation indication in RAN1#107bis-E.
Note: the application delay cases are described as follows,
-          Case 1: Upon detecting a scheduling DCI format 1-1/1-2 indicating PDCCH skipping (i.e., Beh 1A),
-          Case 2: Upon detecting a scheduling DCI format 0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A),
-          Case 3: Upon detecting a scheduling DCI format 1-1/1-2 indicating SSSG switching (i.e., Beh 2/2A/2B),
-          Case 4: Upon detecting a scheduling DCI format 0-1/0-2 indicating SSSG switching (i.e., Beh 2/2A/2B),
-          Case 5: Upon SSSG timer exipry,
For PDCCH skipping,
Alt 1 (no interaction with retransmission):
-          Case 1 and 2: Upon detecting a scheduling DCI format 1-1/1-2/0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A),
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 application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
Alt 2 (has interaction with retransmission and applied after HARQ-ACK transmission):
-          Case 1: Upon detecting a scheduling DCI format 1-1/1-2 indicating PDCCH skipping (i.e., Beh 1A),
o    the UE applies Beh 1A next slot 1 slot after the last OFDM symbol of ACK transmission, otherwise the indication is not applied.
o    FFS: Whether UE has to monitor PDCCH from the next slot after the last OFDM symbol of the PDCCH transmission to ACK can leave for network configuration.
-          Case 2: Upon detecting a scheduling DCI format 0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A),
o    Alt 2a: the UE applies Beh 1A on the serving cell after the last OFDM symbol of PUSCH transmission
o    Alt 2b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
o    Alt 2c: the UE applies Beh 1A on the serving cell at the Yth slot after the last OFDM symbol of the PDCCH transmission.
o    Y is configured by RRC,
o    If Y is not configured, the default value is 1.
o    FFS values of Y
-          FFS values of Y
Alt 3 (has interaction with retransmission and can be applied before HARQ-ACK transmission):
-          Case 1: Upon detecting a scheduling DCI format 1-1/1-2 indicating PDCCH skipping (i.e., Beh 1A),
o    Alt 3a and 3c: the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
o    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.
o    Alt 3b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
o    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.
o    Alt 3d: the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
o    DL HARQ retransmission during the skipping duration is handled by RTT/ReTx timers
-          Case 2: Upon detecting a scheduling DCI format 0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A),
o    Alt 3a: the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
o    Alt 3b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
o    Alt 3c: the UE applies the indication on the serving cell at the Yth slot after the last OFDM symbol of the PDCCH transmission.
o    Y is configured by RRC,
o    If Yis not configured, the default value is 1.
o    FFS values of Y
-          FFS values of Y
o    Alt 3d: the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
o    UL HARQ retransmission during the skipping duration is handled by RTT/ReTx timers
 
For SSSG switching,
Alt 1 (no interaction with retransmission):
-          Case 3 and 4: Upon detecting a scheduling DCI format 1-1/1-2/0-1/0-2 indicating SSSG switching (i.e., Beh 2/2A/2B),
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 application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
o    Alt 1c: the UE applies SSSG switching on the serving cell [TBD: Application delay] after the last OFDM symbol of HARQ-ACK transmission
-          Case 5: 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
-          Note: Pswitch is defined in Table 10.4-1 in TS38.213, Pswitch = [X] symbols for SCS configuration  u =3, FFS X = 25 or 39
Alt 2 (has interaction with retransmission and applied after HARQ-ACK transmission):
-          Case 3: Upon detecting a scheduling DCI format 1-1/1-2 indicating SSSG switching(i.e., Beh 2/2A/2B), 
o    the UE applies the indication [TBD: application delay] 1 slot after the last OFDM symbol of ACK transmission, otherwise the indication is not applied.
o    FFS: Whether UE has to monitor PDCCH from the next slot after the last OFDM symbol of the PDCCH transmission to ACK can leave for network configuration.
-          Case 4: Upon detecting a scheduling DCI format 0-1/0-2 indicating or SSSG switching(i.e., Beh 2/2A/2B),
o    Alt 2a: the UE applies the indication on the serving cell [TBD: application delay] after the last OFDM symbol of PUSCH transmission
o    Alt 2b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
o    Alt 2c: the UE applies the indication on the serving cell [TBD: application delay] from the end of the Wth slot after the last OFDM symbol of the PDCCH transmission.
o    W is configured by RRC, 
o    If W is not configured, the default value is 1.
o    FFS values of W
-          Case 5: 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
-          Note: Pswitch is defined in Table 10.4-1 in TS38.213, Pswitch = [X] symbols for SCS configuration  u =3, FFS X = 25 or 39
 Alt 3 (has interaction with retransmission and can be applied before HARQ-ACK transmission):
-          Case 3: Upon detecting a scheduling DCI format 1-1/1-2 indicating SSSG switching (i.e., Beh 2/2A/2B), 
o    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 the application delay is same or different if minimum scheduling offset restriction is configured 
o    If the UE fails to decode the associated PDSCH and/or transmit a NACK, UE performs [Beh 2/2A/2B] (i.e., the SSSG switching is stopped) [TBD: application delay]  at the first slot after the last OFDM symbol of the NACK transmission.
-          Case 4: Upon detecting a scheduling DCI format 0-1/0-2 indicating SSSG switching (i.e., Beh 2/2A/2B), 
o    Alt 3a: the UE applies the indication on the serving cell [TBD: application delay] after the last OFDM symbol of PUSCH transmission
o     Alt 3b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
o    Alt 3c: the UE applies the indication on the serving cell [TBD: application delay] from the end of  the Wth slot after the last OFDM symbol of the PDCCH transmission.
o    W is configured by RRC, 
o    If W is not configured, the default value is 1.
o    FFS values of W
-          Case 5: 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
-          Note: Pswitch is defined in Table 10.4-1 in TS38.213, Pswitch = [X] symbols for SCS configuration  u =3, FFS X = 25 or 39



Application delay for PDCCH monitoring adaptation triggered by timer
As discussed in RAN1 #107-e meeting, upon SSSG timer expiration, it was proposed that UE performs Beh 2 at the first slot that is at least Pswitch symbols after a slot where the timer expires. And the value of the Pswitch for μ =3/5/6 should be determined. In 52.6-71GHz item, the working assumption on the Pswitch is shown as below. The Pswitch value should be determined in 52.6GHz -71GHz agenda item. 
	Working assumption
The following values are adopted as minimum value of  for 120/480/960 kHz
· Support only search space set group switching processing capability 1 with the following values
	
	Minimum  value for
 UE processing capability 1 [symbols]

	3
	40

	5
	160

	6
	320





[bookmark: _Toc29608][bookmark: _Toc92808145]Upon SSSG timer expiration, UE performs Beh 2 at the first slot that is at least Pswitch symbols after a slot where the timer expires
[bookmark: _Toc92808146][bookmark: _Toc24417]			- Note: Pswitch is defined in Table 10.4-1 in TS38.213, Pswitch for u =3/5/6 should be determined in 52.6-71GHz agenda item.

Application delay for PDCCH monitoring adaptation indicated by scheduling DCI
If the PDCCH monitoring adaptation is indicated by scheduling DCI, the required application delay for SSSG switching and PDCCH skipping is similar. Therefore, a common design of application delay for the two PDCCH monitoring adaptations can be considered. The common design of the application delay also reduces complexity.
To make sure that UE can decode the DCI successfully and reduce the latency for potential re-transmission, Alt 2a is proposed, which will not cause large latency. And compared with Alt 3a or Alt 3b in Alt 3, UE will not frequently switch between the original PDCCH monitoring behavior and the indicated PDCCH monitoring behavior due to re-transmission. 
[bookmark: _Toc86845606]
[bookmark: _Toc86845621][bookmark: _Toc86845622][bookmark: _Toc28071][bookmark: _Toc92808147][bookmark: _Toc87033090][bookmark: _Toc28080]For application delay for PDCCH monitoring adaptation indicated by scheduling DCI, the following is proposed:
· [bookmark: _Toc92808148][bookmark: _Toc2416]Upon detecting a scheduling DCI format 1-1/1-2 indicating PDCCH monitoring adaptation(e.g., PDCCH skipping or SSSG switching),
· [bookmark: _Toc29048][bookmark: _Toc92808149]the UE applies the PDCCH monitoring adaptation the next slot after the last OFDM symbol of ACK transmission, otherwise the indication is not applied.
· [bookmark: _Toc92808150][bookmark: _Toc6568]Upon detecting a scheduling DCI format 0-1/0-2 indicating PDCCH monitoring adaptation(e.g., PDCCH skipping or SSSG switching),
· [bookmark: _Toc92808151][bookmark: _Toc2281]the UE applies the PDCCH monitoring adaptation on the serving cell after the last OFDM symbol of PUSCH transmission

PDCCH monitoring adaptation indication during an application delay
Similar with NR-U, there is no interruption gap during PDCCH monitoring adaptation and UE will continue monitoring PDCCH according to original search space sets during the application delay. To avoid frequent change of PDCCH monitoring behavior, indicating another different PDCCH monitoring adaptation indication to one UE during the application delay is not expected.
[bookmark: _Toc10660][bookmark: _Toc92808152]UE does not expect to be scheduled with DCI format with ‘PDCCH monitoring adaptation’ field indicating another change to PDCCH monitoring behavior for the same active BWP of the scheduled cell before the previous indication applied.

PDCCH monitoring adaptation in a BWP
PDCCH monitoring adaptation indication by cross-BWP DCI
[bookmark: _Toc18987]The cross-BWP DCI is a scheduling DCI indicating BWP switching. If PDCCH monitoring adaptation is indicated in cross-BWP DCI, whether and when to apply the PDCCH monitoring adaptation in the new BWP should be discussed. The following alternatives can be considered.
[bookmark: _Toc13795]Alt 1: UE applies the PDCCH monitoring adaptation after BWP switching.
[bookmark: _Toc19078]Alt 2: UE applies the PDCCH monitoring adaptation after the application delay.
[bookmark: _Toc1578]In TS 38.133, the BWP switching delay is defined from RF requirement perspective. Meanwhile, in TS 38.213, the BWP switching delay is defined data transmission perspective, i.e., if a UE detects a DCI format indicating an active BWP change for a cell, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE detects BWP switching until the beginning of a slot indicated by the slot offset value (i.e., K0/K2) in the DCI format. Therefore, the indicated PDCCH monitoring adaptation should be applied at least after BWP switching.
[bookmark: _Toc14168]Moreover, according to discussion in section 3, the proposed application delay is longer than the BWP switching delay when the interaction with HARQ-ACK is considered for PDCCH monitoring adaptation triggered scheduling DCI. Therefore, Alt 2 is proposed.
[bookmark: _Toc6740][bookmark: _Toc92808153]When UE receives a DCI indicating a PDCCH monitoring adaptation and a BWP switching, UE applies the PDCCH monitoring adaptation after the application delay.

PDCCH monitoring behavior in a BWP before receiving a DCI indication
The PDCCH monitoring behavior before receiving a DCI indication (e.g., BWP switch due to BWP inactivity timer expiration) should be clarified. In NR-U, the PDCCH monitoring behavior is performed according to search space sets with group index 0, if searchSpaceGroupIdList is configured. For PDCCH skipping and search space set group switching in Rel-17 UE power saving enhancements, the corresponding UE behavior should be discussed.
If only PDCCH skipping duration list is configured, UE should monitor PDCCH after BWP switch for potential data transmission. For example, BWP inactivity timer may expire due to no packet arrival for a long time. When BWP inactivity timer expires, UE switches to the default BWP. The default BWP can be used to re-align the understanding of active BWP between gNB and UE. Therefore, it is better to maintain PDCCH monitoring after the BWP switch.
If SSSG list is configured, it is proposed that PDCCH monitoring behavior is performed according to search space sets with group index 0, which is the same as NR-U.
[bookmark: _Toc92808154][bookmark: _Toc23061]If only PDCCH skipping duration list is configured, UE does not perform PDCCH skipping before receiving a DCI indicates PDCCH skipping.
[bookmark: _Toc7782][bookmark: _Toc92808155]If SSSG list is configured, UE performs PDCCH monitoring behavior according to search space sets with group index 0.
	Text proposal #1 on 38.213:
<Unchanged parts are omitted>
10.4	Search space set group switching and skipping of PDCCH monitoring
A UE can be provided a group index for a respective Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList for PDCCH monitoring on a serving cell. If the UE is not provided searchSpaceGroupIdList for a search space set, the following procedures are not applicable for PDCCH monitoring according to the search space set.
If a UE is provided cellGroupsForSwitchList, indicating one or more groups of serving cells, the following procedures apply to all serving cells within each group; otherwise, the following procedures apply only to a serving cell for which the UE is provided searchSpaceGroupIdList.
When a UE is provided searchSpaceGroupIdList or searchSpaceGroupIdList_r17, the UE resets PDCCH monitoring according to search space sets with group index 0, if provided by searchSpaceGroupIdList or searchSpaceGroupIdList_r17.
When a UE is provided a set of durations by PDCCHSkippingDurationList for PDCCH monitoring on a serving cell and, the UE is not provided searchSpaceGroupIdList-r17, and it has not received 'PDCCH monitoring adaptation indication' field in a DCI, the UE shall monitor PDCCH according to all search space set configured in a BWP.

<Unchanged parts are omitted>



Consideration on Rel-17 PDCCH monitoring adaptation and NRU search space set group switching
In TS 38.213, the following paragraph was captured in the beginning of the section 10.4.
	TS 38.213
10.4	Search space set group switching and skipping of PDCCH monitoring
A UE can be provided a group index for a respective Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList for PDCCH monitoring on a serving cell. If the UE is not provided searchSpaceGroupIdList for a search space set, the following procedures are not applicable for PDCCH monitoring according to the search space set.


According to the above paragraph, the procedures in section 10.4 are not applicable if searchSpaceGroupIdList is not configured. However, the description of Rel-17 PDCCH monitoring adaptation is also captured in section 10.4. Therefore, the procedures of Rel-17 PDCCH monitoring adaptation will not be valid because of the restriction. To enable the Rel-17 PDCCH monitoring adaptation, the following text proposal is proposed.
	TS 38.213
<Unchanged parts are omitted>
10.4	Search space set group switching and skipping of PDCCH monitoring
A UE can be provided a group index for a respective Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList or searchSpaceGroupIdList_r17 for PDCCH monitoring on a serving cell. And a UE can be provided a set of durations by PDCCHSkippingDurationList for PDCCH monitoring on a serving cell. If the UE is not provided searchSpaceGroupIdList or searchSpaceGroupIdList_r17 for a search space set, and the UE is not provided PDCCHSkippingDurationList for PDCCH monitoring on a serving cell, the following procedures are not applicable for PDCCH monitoring according to the search space set.
<Unchanged parts are omitted>



Conclusion
In this contribution, we discuss the power saving enhancement schemes for paging. We have the following observations and proposals.
Observation 1:	It will be difficult to determine the bit width of the PDCCH monitoring adaptation field in DCI if the number of PDCCH skipping durations for different SSSGs are not aligned.
Observation 2:	For Alt 1, gNB cannot indicate UE to switch to a power saving state until the data transmission has been finished in all CCs, which is not beneficial to UE power saving.

Proposal 1:	Support per BWP configuration for PDCCH skipping duration and SSSG switching timer,
- The timer value for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 is common and configured per BWP.
- The PDCCHSkippingDurationList is configured per BWP.
Proposal 2:	Stop the SSSG switching timer if PDCCH skipping indication is detected.
Proposal 3:	UE switches to SSSG #0 after the end of PDCCH skipping duration if both PDCCH skipping duration and SSSG are configured.
Proposal 4:	Similar with the legacy mechanism in NR-U, it should be clarified that the start of searchSpaceSwitchTimer-r17 is triggered when UE receives DCI indicating SSSG #1 or SSSG #2 if configured.
Proposal 5:	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.
-	otherwise, decrease the timer value by one after each slot.
Proposal 6:	The UE should monitor PDCCH according to all of search space sets configured in the DL active BWP or SSSG#0 when the following events occur during a skipping duration.
•	SR indicated by the UE,
•	beam failure detection, or
•	random access procedure in RRC connected mode due to out-of sync, etc.
Proposal 7:	Reusing/extending the dormancy indication field or DCI format 2-6 to indicate PDCCH monitoring adaptation is not considered.
Proposal 8:	One PDCCH indicates adaption only for single cell. PDCCH monitoring adaptation is only applied to the scheduled cell (including self-scheduling and cross-carrier scheduling).
Proposal 9:	Upon SSSG timer expiration, UE performs Beh 2 at the first slot that is at least Pswitch symbols after a slot where the timer expires
- Note: Pswitch is defined in Table 10.4-1 in TS38.213, Pswitch for u =3/5/6 should be determined in 52.6-71GHz agenda item.
Proposal 10:	For application delay for PDCCH monitoring adaptation indicated by scheduling DCI, the following is proposed:
	Upon detecting a scheduling DCI format 1-1/1-2 indicating PDCCH monitoring adaptation(e.g., PDCCH skipping or SSSG switching),
	- the UE applies the PDCCH monitoring adaptation the next slot after the last OFDM symbol of ACK transmission, otherwise the indication is not applied.
	Upon detecting a scheduling DCI format 0-1/0-2 indicating PDCCH monitoring adaptation(e.g., PDCCH skipping or SSSG switching),
	- the UE applies the PDCCH monitoring adaptation on the serving cell after the last OFDM symbol of PUSCH transmission
Proposal 11:	UE does not expect to be scheduled with DCI format with ‘PDCCH monitoring adaptation’ field indicating another change to PDCCH monitoring behavior for the same active BWP of the scheduled cell before the previous indication applied.
Proposal 12:	When UE receives a DCI indicating a PDCCH monitoring adaptation and a BWP switching, UE applies the PDCCH monitoring adaptation after the application delay.
[bookmark: _GoBack]Proposal 13:	If only PDCCH skipping duration list is configured, UE does not perform PDCCH skipping before receiving a DCI indicates PDCCH skipping.
Proposal 14:	If SSSG list is configured, UE performs PDCCH monitoring behavior according to search space sets with group index 0.
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