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Introduction
In 3GPP TSG RAN1#107b-e meeting, the agreements about PDCCH monitoring adaptation were reached as follows [1].
	Agreement
Remove the bracket from following agreement made in RAN1#106bis-E
Agreement (extracted from RAN1#106bis-E)
· For Case 3 (i.e., 3 SSSG switching) , the following is supported
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘00’ is Beh 2
· ‘01’ is Beh 2A
· ‘10’ is Beh 2B
· [‘11’ is reserved]

Agreement
Confirm the following working assumption (extracted from RAN1#107-bis agreements)
Agreement
· For value X in Beh 1A, candidate skipping values are
· Up to [100ms] length is supported,
· The X is configured and indicated in the unit of slot.
· Working assumption for candidate values for X
· {1,2,3,…,20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,
· {1,2,3,…,40, 60, 80, 100, 120,160,200} 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
· FFS: Equal to or longer than the applicable minimum scheduling offset
· FFS: additional symbol level / PDCCH monitoring period level skipping duration

Agreement
· The initial 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.
Agreement
PDCCH monitoring adaptation is only applied to the individual scheduling cell (including self-scheduling and cross-carrier scheduling)  
Conclusion
For Rel-17 PDCCH monitoring adaptation, the case where single DCI indicates monitoring adaptation for multiple cells is not supported.

Agreement
For PDCCH monitoring adaptation case 1, support at most M = 3 for PDCCH skipping with 2 bits indication.

Agreement
The configuration of PDCCH monitoring adaptation is common for DCI format x-1 and x-2, neither Alt 1 nor Alt 2 is agreed,
· Alt 1: Support RRC parameter configured for the PDCCH monitoring adaptation indication field presence/absence in DCI format x-2.
Alt 2:  The configuration of PDCCH monitoring adaptation is common for DCI format x-1 and x-2, except skipping duration for DCI format x-2 (i.e., PDCCHSkippingDurationList-r17-x-2 for DCI format x-2). The 
· PDCCH monitoring adaptation indication field for DCI format x-2 is dependent on PDCCHSkippingDurationList-r17-x-2 if configured.

Conclusion
No consensus to introduce non-scheduling DCI based PDCCH monitoring adaptation for Rel-17.



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 #107b-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
Operation for SSSG switching timer during a PDCCH skipping duration
	When the timer expires in a slot:
- Alt 1a: the UE monitors PDCCH on the serving cell according to search space sets with group index 0
- Alt 1b: 
- If the UE has not been indicated skipping PDCCH monitoring for a duration overlapping in time with the slot, the UE monitors PDCCH on the serving cell according to search space sets with group index 0;
- If the UE has been indicated skipping PDCCH monitoring for a duration overlapping in time with the slot, the UE starts to monitor PDCCH until the completion of the PDCCH skipping for the duration on the serving cell according to search space sets with group index 0.



One issue that should be considered is whether a SSSG switching timer continues running during a PDCCH skipping duration. Furthermore, if the timer continues running, what is the expected UE behavior when the timer expires during a PDCCH skipping duration?
For the first issue, since the PDCCH skipping and SSSG switching are two independent schemes, it is natural to keep the SSSG switching timer running during a PDCCH skipping duration.
For the second issue, there were two alternatives discussed in RAN1#107bis. Alt 1a indicates that UE stops PDCCH skipping when the SSSG switching timer expires. However, if the SSSG switching timer was reset, meanwhile the DCI that triggers PDCCH skipping is received, the PDCCH skipping would be interrupted by the SSSG switching timer. For Alt 1a, it seems that SSSG switching has higher priority than PDCCH skipping, which is not aligned with the original intention that PDCCH skipping and SSSG switch can be maintained separately. Meanwhile Alt 1b ensures PDCCH skipping can be independently implemented even SSSGs are configured. Therefore, Alt 1b is preferred.
[bookmark: _Toc27023]When the timer expires in a slot:
[bookmark: _Toc8514]	- If the UE has not been indicated skipping PDCCH monitoring for a duration overlapping in time with the slot, the UE monitors PDCCH on the active BWP of a serving cell according to search space sets with group index 0;
[bookmark: _Toc31525]	- If the UE has been indicated skipping PDCCH monitoring for a duration overlapping in time with the slot, the UE starts to monitor PDCCH until the completion of the PDCCH skipping for the duration on the active BWP of a serving cell according to search space sets with group index 0.

UE behavior after PDCCH skipping duration
Another issue is how to define the UE behavior after the end of the skipping duration when both PDCCH skipping duration and SSSG are configured. One choice is that 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: _Toc15346][bookmark: _Toc29637][bookmark: _Toc26656][bookmark: _Toc87033081][bookmark: _Toc17771][bookmark: _Toc11773][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 discussion on when to reset and decrease the SSSG switching timer in RAN1 #107b-e meeting is shown as below.
	[High] Proposal 3-1 (v1) – Timer behaviour for discussion 
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
-       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
· Alt 2a-modified: with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI 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
· Alt 2b: for the Type3-PDCCH CSS set or the USS set
· Alt 2c: with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI 
 -       otherwise, 
· Alt 3a:decrease the timer value by one after each slot.
· Alt3a-modified: decrease the timer value by one after each slot, if UE does not apply PDCCH skipping
· Alt 3c: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 set with group index of either 1 or 2



First of all, the prerequisite for discussing these alternatives is that the timer is running. However, there is no discussion about 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. It is understood that the intention is to make sure UE will continue to monitor PDCCH for potential scheduling in the target SSSG. Otherwise, UE needs to fall back to SSSG#0 at the expiration of SSSG timer, which may introduce scheduling delay. Similarly, the searchSpaceSwitchTimer-r17 can be triggered when UE receives DCI indicating SSSG #1 or SSSG #2.
[bookmark: _Toc10452][bookmark: _Toc18846]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.

One should be clarified is the meaning of Alt 2a. Alt 2a means the timer is reset when the UE receives a DCI in a slot, and the search space set of the DCI is a Type3-PDCCH CSS set or the USS set with group index of either 1 or 2. If Alt 2a is down-selected, the timer cannot be reset when a DCI indicating SSSG #1 or SSSG #2 is detected in a USS set without SSSG ID. In addition, if UE detects a DCI indicating SSSG #1 or SSSG #2 in search space set with SSSG #0, the timer will not be reset, which is not correct. Therefore, Alt 2a is not suitable.
[bookmark: _Toc32434]If Alt 2a is down-selected, the timer cannot be reset if a DCI indicating SSSG #1 or SSSG #2 is detected in a USS set without SSSG ID, or the DCI configured in SSSG#0.
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. 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: _Toc14635][bookmark: _Toc30240]If a UE is provided with a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on an active BWP of a serving cell and the timer is running, the UE 
· [bookmark: _Toc18024][bookmark: _Toc15111]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: _Toc24951][bookmark: _Toc20319]otherwise, decreases 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 an active BWP of a serving cell, the UE
- sets the timer after a slot of the 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 an active BWP of a serving cell and the timer is running, the UE
-	decrements the timer after eacha 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>



Candidate values for 480 kHz and 960 kHz
The length of the candidate PDCCH skipping values and SSSG switching timers was agreed according to following working assumption in RAN1 #107b-e meeting. The detailed values need further discussion.
	Working Assumption
· The bit length of the candidate skipping values and SSSG switching initial timer values in slots for 480kHz and 960kHz SCS are assumed to be the same as that for 120KHz SCS


The candidate values of skipping duration and SSSG switching initial timer determine how long the corresponding operation can be applied.
For SSSG switching scheme, the timer will be reset when UE receives a DCI that indicates SSSG #1 or SSSG #2, as discussed above. UE monitors PDCCH according to the indicated SSSG after an application delay. If the SSSG switching timer value is less than the application delay, the SSSG #1 and SSSG #2 will be monitored only for a short time as shown in Figure below. What’s worse, if the application delay of timer based SSSG switching is smaller than the application delay of DCI based SSSG switching, the UE will never monitor SSSG #1 and SSSG #2 as the SSSG timer expires before the end of application delay.
[image: ]
Figure 1. SSSG timer expires during application delay
Therefore, the candidate SSSG timer value should be longer than the application delay.
[bookmark: _Toc1187] The candidate SSSG timer value should be longer than the application delay.
Pswitch is the application delay for SSSG switching in NRU, which will be highly probably reused at least in timer based SSSG switching in Rel-17 UE power saving. The Pswitch values for 480kHz and 960kHz are shown below according to the WA in B52.6G session.
	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





According to the WA, for 480 kHz and 960 kHz, the Pswitch is 160/14≈11.4 slots and 320/14 ≈ 22.8 slots, respectively. Therefore, the SSSG timer value should be larger than 11.4 slots and 22.8 slots for 480kHz and 960kHz, respectively. 
The candidate skipping values can be same as the candidate SSSG switching timer values.
[bookmark: _Toc18435]The candidate skipping values can be configured as 
[bookmark: _Toc6505]	{20,24,28,32,…,656, 960, 1280,1600,1920,2560,3200} for 480kHz SCS,  
[bookmark: _Toc11281]	{30,38,46,54,…, 1302,1920,2560,3200,3840,5120,6400} for 960kHz SCS.
[bookmark: _Toc4925]The value of the SSSG switching timer in slots can be configured as, 
[bookmark: _Toc9532]	{20,24,28,32,…,656, 960, 1280,1600,1920,2560,3200} for 480kHz SCS,  
[bookmark: _Toc27113]	{30,38,46,54,…, 1302,1920,2560,3200,3840,5120,6400} for 960kHz SCS.

Bit width for case 2/3
In previous RAN1 meeting, how to define the bit width when only SSSGs are configured was discussed. The discussion is shown as below.
	Possible Agreement
For DCI format 0_1, DCI format 0_2, DCI format 1_1 and DCI format 1_2,     
· 1 or 2 bits, if PDCCHSkippingDurationList is not configured and if searchSpaceGroupIdList-r17 is configured
Option 1: (proposed by Qualcomm in email)
-     1 bit if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0 and search space set(s) with group index 1, and if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-     2 bits if the UE is configured by searchSpaceGroupList-r17 with search space set(s) with group index 2.
Option 2: (proposed by Nokia in email)
-     1 bit if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-     2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 2;
Option 3: (proposed by Huawei in x0034)
-     1 bit if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0 and search space set(s) with group index 1, and if the UE is not configured by searchSpaceGroupIdList-r17 with any search space set with group index 2;
-     2 bits if the UE is configured by searchSpaceGroupIdList-r17 with search space set(s) with group index 0, search space set(s) with group index 1 and search space set(s) with group index 2;
Option 4: (proposed by MTK in x0608)
-	1 bit if the UE is configured numOfSSSG = 2
-	2 bits if the UE is configured numOfSSSG = 3
-  Note: numOfSSSG is per BWP configured


It should beclarified that there is no consensus on whether to support empty SSSG or how to implement the empty SSSG. Even the empty SSSG is supported, it is a pure implementation issue. And it is unreasonable to restrict the bit width determination by a specific implementation. 
Besides, Option 1/2 may cause the case that SSSG#0 is configured as empty SSSG if only SSSG#1 and SSSG#2 are configured. However, this is not expected, because SSSG#0 is the default SSSG, and UE will switch to SSSG#0 if timer expires. In this case, it seems impossible for UE to switch out of SSSG#0.
Option 3 is aligned with the description in CR 38.213 and is preferred.
For Option 4, if a high layer signaling is needed, the signaling can be used to directly indicate the bit width, instead of number of SSSGs. 
[bookmark: _Toc30809]Option 3 is used to determine the bit width for case 2/3.
PDCCH skipping restriction
In RAN1 #107b-e meeting, the following was discussed.
	When the UE is indicated skipping PDCCH monitoring for a duration on a serving cell, the UE skips monitoring of 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 Type0/0A/1 or 2 PDCCH CSS any CSS and USS.
Note: It has already been agreed that PDCCH skipping of type 3 CSS and USS is supported.


If UE continues monitoring C-RNTI, MCS-C-RNTI, or the CS-RNTI in Type0/0A/1 or 2 PDCCH CSS, the power consumption will increase. UE skips monitoring of DCI scrambled by C-RNTI, MCS-C-RNTI, or the CS-RNTI is helpful to achieve more power saving gain. Meanwhile, we think it is unnecessary to emphasize the DCI format, the DCI format in the proposal can be removed.
[bookmark: _Toc4692]When the UE is indicated skipping PDCCH monitoring for a duration on a serving cell, the UE skips monitoring of PDCCH candidates for DCI with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in CSS any CSS and USS.
Furthermore, it is noticed that the PDCCH skipping duration can be overlapped with RAR/msgB window. And the monitored RNTIs also includes the C-RNTI, for example, when the 4-step RACH is triggered by beam failure, or UE indicates its C-RNTI in the MSG-A. In this case, the UE behavior is discussed in our companion contribution [3].
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 #107b-e meeting.
	Possible Agreement
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



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 is 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: _Toc9329]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: _Toc24417][bookmark: _Toc32288]			- Note: Pswitch is defined in Table 10.4-1 in TS38.213, Pswitch for u =3/5/6 is determined in 52.6-71GHz agenda item.

Application delay for DCI based PDCCH monitoring adaptation
First of all, whether or not an additional UE behavior is needed to handle the case of PDCCH skipping interaction with HARQ retransmission should be discussed. 
The simplest solution to handle the case of PDCCH skipping interaction with HARQ retransmission is to apply the PDCCH skipping after ACK. However, Alt 4 may not solve the retransmission issue for UL and additional design is needed. 
For Alt 1 and Alt 2, they may cause frequent changes in UE monitoring behaviors before the HARQ-ACK is transmitted (i.e., during K1), which will increase the complexity of UE implementation. An example of UE behavior transition is provided in [2]. 
To summarize, adding additional UE behavior can reduce the latency of retransmission, but it also increase the complexity of UE implementation. It should be emphasized is that the latency impact caused by retransmission can be solved by NW implementation. That is, gNB can indicate a suitable PDCCH monitoring behavior to UE based on the traffic QoS. 
[bookmark: _Toc28787]If there is no consensus on whether or not an additional UE behavior is needed to handle the case of PDCCH skipping interaction with HARQ retransmission in RAN1 #108-emeeting, the additional UE behavior should not be discussed in later RAN1 meetings.
For the baseline application delay, Alt 1b is preferred for both PDCCH skipping and SSSG switching. If minimum scheduling offset is configured, the application delay of minimum scheduling offset provide a time for UE to decode the DCI. To ensure UE can finish decoding the DCI, the following is proposed,
[bookmark: _Toc18320]Upon detecting a scheduling DCI format 1-1/1-2/0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A), 
· [bookmark: _Toc26195]UE applies PDCCH skipping on an active BWP of the serving cell at the first slot after the application delay of minimum applicable scheduling offset if a minimum applicable scheduling offset is configured in the BWP, 
· [bookmark: _Toc24928]otherwise, UE applies PDCCH skipping on the BWP of the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
[bookmark: _Toc8934]Upon detecting a scheduling DCI format 1-1/1-2/0-1/0-2 indicating SSSG switching (i.e., Beh 2/2A/2B),
· [bookmark: _Toc23614]UE applies SSSG switching on an active BWP of the serving cell at the first slot after the application delay of minimum applicable scheduling offset if a minimum applicable scheduling offset is configured in the BWP, 
· [bookmark: _Toc13481]otherwise, UE applies SSSG switching on the BWP of the serving cell at the first slot that is at least Pswitch symbol after the last OFDM symbol of the PDCCH transmission.
Since Zμ is a predefined value with SCS, the value will not be changed regardless whether or not a minimum scheduling offset is configured. It is also a simple method to directly use Zμ as the application delay of DCI based PDCCH monitoring adaptation. 
In addition, if Alt 1b is used, the value of Zμ in 480kHz and 960kHz need to be settled. The definition of Zμ is 1,1,2,2 slots for μ = 0,1,2,3 respectively. Following the similar rule, the values of Zμ can be set to 4 and 8 for 480kHz and 960kHz, respectively.
[bookmark: _Toc25473]If Alt 1b is used, the values of Zμ are 4 and 8 for 480kHz and 960kHz, respectively.

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 behaviors, indicating another different PDCCH monitoring adaptation indication to one UE during the application delay is not expected.
[bookmark: _Toc10660][bookmark: _Toc7778]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 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][bookmark: _Toc14168]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. Therefore, Alt 1 is proposed.
[bookmark: _Toc6740][bookmark: _Toc2167]When UE receives a DCI indicating a PDCCH monitoring adaptation and a BWP switching, UE applies the PDCCH monitoring adaptation after BWP switching.

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: _Toc23061][bookmark: _Toc26427]If only PDCCH skipping duration list is configured, UE does not perform PDCCH skipping before receiving a DCI indicates PDCCH skipping.
[bookmark: _Toc7782][bookmark: _Toc27734]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 BWP of 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 proposal is proposed.
[bookmark: _Toc20353]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 PDCCH monitoring adaptation. We have the following observations and proposals.
Observation 1: If Alt 2a is down-selected, the timer cannot be reset if a DCI indicating SSSG #1 or SSSG #2 is detected in a USS set without SSSG ID, or the DCI configured in SSSG#0.

Proposal 1: When the timer expires in a slot:
- If the UE has not been indicated skipping PDCCH monitoring for a duration overlapping in time with the slot, the UE monitors PDCCH on the active BWP of a serving cell according to search space sets with group index 0;
- If the UE has been indicated skipping PDCCH monitoring for a duration overlapping in time with the slot, the UE starts to monitor PDCCH until the completion of the PDCCH skipping for the duration on the active BWP of a serving cell according to search space sets with group index 0.
Proposal 2: UE switches to SSSG #0 after the end of PDCCH skipping duration if both PDCCH skipping duration and SSSG are configured.
Proposal 3: 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 4: If a UE is provided with a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on an active BWP of 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, decreases the timer value by one after each slot.
Proposal 5: The candidate SSSG timer value should be longer than the application delay.
Proposal 6: The candidate skipping values can be configured as
{20,24,28,32,…,656, 960, 1280,1600,1920,2560,3200} for 480kHz SCS,
{30,38,46,54,…, 1302,1920,2560,3200,3840,5120,6400} for 960kHz SCS.
The value of the SSSG switching timer in slots can be configured as,
{20,24,28,32,…,656, 960, 1280,1600,1920,2560,3200} for 480kHz SCS,
{30,38,46,54,…, 1302,1920,2560,3200,3840,5120,6400} for 960kHz SCS.
Proposal 7: Option 3 is used to determine the bit width for case 2/3.
Proposal 8: When the UE is indicated skipping PDCCH monitoring for a duration on a serving cell, the UE skips monitoring of PDCCH candidates for DCI with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in CSS any CSS and USS.
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 is determined in 52.6-71GHz agenda item.
Proposal 10: If there is no consensus on whether or not an additional UE behavior is needed to handle the case of PDCCH skipping interaction with HARQ retransmission in RAN1 #108-emeeting, the additional UE behavior should not be discussed in later RAN1 meetings.
Proposal 11: Upon detecting a scheduling DCI format 1-1/1-2/0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A),
• UE applies PDCCH skipping on an active BWP of the serving cell at the first slot after the application delay of minimum applicable scheduling offset if a minimum applicable scheduling offset is configured in the BWP,
• otherwise, UE applies PDCCH skipping on the BWP of the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
Upon detecting a scheduling DCI format 1-1/1-2/0-1/0-2 indicating SSSG switching (i.e., Beh 2/2A/2B),
• UE applies SSSG switching on an active BWP of the serving cell at the first slot after the application delay of minimum applicable scheduling offset if a minimum applicable scheduling offset is configured in the BWP,
• otherwise, UE applies SSSG switching on the BWP of the serving cell at the first slot that is at least Pswitch symbol after the last OFDM symbol of the PDCCH transmission.
Proposal 12: If Alt 1b is used, the values of Zμ are 4 and 8 for 480kHz and 960kHz, respectively.
Proposal 13: 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 before the previous indication applied.
Proposal 14: When UE receives a DCI indicating a PDCCH monitoring adaptation and a BWP switching, UE applies the PDCCH monitoring adaptation after BWP switching.
Proposal 15: If only PDCCH skipping duration list is configured, UE does not perform PDCCH skipping before receiving a DCI indicates PDCCH skipping.
Proposal 16: If SSSG list is configured, UE performs PDCCH monitoring behavior according to search space sets with group index 0.
Proposal 17: The following text proposal is proposed:

	[bookmark: _GoBack]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>
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