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1		Introduction
During the RAN1 #107bis-e meeting, some aspects were agreed upon on the PDCCH monitoring adaptation feature, including the configurations on the PDCCH-skipping duration, the SSSG-switching timer, and the PDCCH monitoring adaptation bitfield [1]. The agreements can be seen in the Annex. In this paper, remaining details for PDCCH monitoring adaptation are discussed.
[bookmark: _Ref178064866][bookmark: _Toc5022906]2	Discussion
2.1	Bitfield configuration
When PDCCHSkippingDurationList is not configured, the PDCCH monitoring adaptation bitfield can have a size of 1 bit or 2 bits, i.e., depends on whether there is an SS configured with SS-set group index 2 or not. It should be noted, however, SSSG#0 is a default SSSG that should be configured, e.g., as the SSSG used after the switching timer ends. In addition, SSSG#2 is also designed in order to support SSSG-switching with 3 SSSGs. Considering this, it will not be intuitive to have SSSG#2 configured while SSSG#1 is not configured. If the NW wants to configure the UE with 2 SSSGs, it is better to configure the UE with SSSG#0 and SSSG#1 so that the PDCCH monitoring adaptation bitfield can be optimized, i.e., having a bitfield size of 1. Therefore, option 3 in the previous meeting is preferable.
Proposal 1 [bookmark: _Toc95739247]If PDCCHSkippingDurationList is not configured, the width of the PDCCH monitoring adaptation bitfield is:
· [bookmark: _Toc95739248]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;
· [bookmark: _Toc95739249]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.
Regarding the behavior corresponding to the code point 0 or 00 for case 1, it should simply be that the DCI does not indicate skipping in PDCCH monitoring. However, if UE had already received a previous/another DCI indicating skipping (Such cases can happen when, e.g., DL and UL DCIs are transmitted in different symbols, etc.), then the current DCI should be able to indicate ‘0’ or ‘00’ without overriding other command. Therefore, we propose the following. 
Proposal 2 [bookmark: _Toc95739250]For Beh 1, a '0' or ‘00’ value for the bit implies that the corresponding DCI is not used for PDCCH skipping indication.
Considering the above, the following TP is proposed (the modification is written in red font). Note that the below is only an example for 1 case (i.e., Case 1). The change should also be applied in the other cases.
<text omitted>
If the field has 1 bit and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
· a '0' value for the bit indicates that DCI is not used for indicating no skipping in PDCCH monitoring
· a '1' value for the bit indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations
<text omitted>

2.1	Adaptation indications
2.1.2	Switching timer
In Rel. 16 SSSG-switching feature, a switching timer is introduced. There, the switching timer starts and restarts each time the UE monitors PDCCH according to SSSG1. When the timer expires, the UE then switches back to SSSG0. A similar approach can be used for Rel. 17 PDCCH monitoring adaptation, i.e., the UE could (re)start a switching timer each time the UE monitors PDCCH according to the non-default SSSG (e.g., SSSG1 or SSSG2) and switch to SSSG0 when the switching timer expires. This approach is relatively simple and already brings a great advantage for the UE, i.e., the UE may return to monitor PDCCHs according to a sparser SSSG after some duration of using a denser SSSG. 
The timer can be reset each time UE receives a PDCCH with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI (i.e., when it is receiving data), or the timer can be reset each time when UE receives a PDCCH in the non-default SSSG. While both these options would function well, from our perspective, it is simpler to allow the RNTI-based setting so that the NW can freely choose which SS can be used to schedule data to the UE (including the CSS sets and other SS sets that do not belong to any SSSGs) without worrying about timer and SS set associations. 
Proposal 3 [bookmark: _Toc95739251]The SSSG timer is reset when UE receives a PDCCH with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI.

In a certain case, it is possible that the switching timer ends before the skipping duration ends, i.e., the switching timer ends in the middle of the skipping duration. Here, a simple approach can be taken, i.e., the UE may skip PDCCH monitoring until the skipping duration ends. One of the reasons is that the skipping command is sent via a DCI, where the NW decision is based on a more present condition of the buffer. In addition, if required, the NW may configure the UE with a skipping duration smaller than or equal to the switching timer. After the skipping duration ends, the UE then monitors the PDCCH according to SSSG0.
Proposal 4 [bookmark: _Toc95739252]If the SSSG-switching timer expires and the UE is still in the skipping duration, the UE finishes the skipping duration and monitors PDCCH according to SSSG0 when skipping duration ends.

2.1.3	UL consideration
When a UE transmits an uplink scheduling request, it is possible that UE is still monitoring PDCCH sparsely. In this case, the UE will remain in sparse monitoring until it receives the UL grant DCI, and only after that, the UE could switch to the other SS-set group (i.e., the dense monitoring). This scenario might be unattractive as it might increase the latency of the UL transmission. 
To overcome this issue, the UL request from the UE should be added as one of the indications which could trigger the SSSG-switching. Note, however, sparse monitoring can be either in SSSG0 or SSSG1. In addition, it is also possible that the UL request comes when the NW is on the dense monitoring. Thus, the SSSG to which the UE needs to switch or remain should be NW-configurable, e.g., in the RRC configuration.
For the case of the UE is being inside a skipping duration, the uplink SR can be used as an implicit indication to terminate the skipping duration, which is aligned with the RAN2 LS on PDCCH skipping [2]. When the UE is not configured with SSSG-switching behaviour, the UE can resume the normal PDCCH monitoring. When the UE is configured with SSSG-switching behaviour, the SSSG in which the UE monitors PDCCHs should be NW-configurable, e.g., in the RRC configuration. 
Proposal 5 [bookmark: _Toc71665283][bookmark: _Toc78814448][bookmark: _Toc86930117][bookmark: _Toc95739253]UL scheduling request can be used as an implicit indication for PDCCH monitoring adaptation (to end the skipping or to switch to an SSSG). The SSSG (if configured) that UE monitors after transmitting an UL scheduling request is configurable by NW.

2.1.4	Relation with CDRX functionality
In SSSG-switching, the power-saving is achieved by setting the SSSG0 and SSSG1 with different periodicities. When the data burst comes, the NW will command the UE to monitor PDCCH with the dense SSSG and when the data burst ends, the NW will command the UE to switch to the sparse SSSG. This will be very beneficial during the IAT. This is because the NW only needs to wait for a maximum of one SS period of sparse monitoring before being able to send PDCCH. However, it is preferable if UE can switch to dense monitoring when monitoring PDCCH at the next On-duration, because the UE will otherwise monitor PDCCH sparsely even during On-duration, which would be undesirable, due to the smaller number of opportunities for addressing the UE. If the NW misses the chance to send the PDCCH during this period, the NW will need to wait for one DRX cycle before the next scheduling opportunity comes.

[image: ]
Figure 5. SSSG monitoring during DRX on-duration. Monitoring PDCCH in sparse SSs may increase the delay significantly.

Considering the above, the relation between SSSG-switching and the DRX needs to be clarified. To guarantee that the UE will start monitoring using dense SSSG during the DRX on-duration, it will be beneficial if the SS-set group that needs to be assumed at beginning of On-duration can be configurable to the NW.
Proposal 6 [bookmark: _Toc71665282][bookmark: _Toc78814447][bookmark: _Toc86930118][bookmark: _Toc95739254]For UE configured with DRX, higher layer signaling can configure SSSG that a UE monitors when coming out of DRX to monitor an ON duration.

2.3	Application delay
2.3.1	Application delay for SSSG-switching
2.3.1.1	Minimum application delay
The alignment between the NW and the UE in terms of the SSSG used to monitor PDCCH in one instance is important, e.g., to avoid the case of the NW transmits PDCCH according to one SSSG while the UE is still monitoring PDCCH according to another SSSG.
In SSSG-switching, having the adaptation applied after the UE successfully decodes the PDSCH scheduled by the PDCCH that contains the adaptation indication is preferable. Note, however, besides explicit indication via scheduling DCI, the transition between SSSGs can also be triggered by other indications, e.g., the end of the switching timer. Considering this, a baseline application delay needs to be agreed upon.
In Rel. 16 NR-U and its extension in B52, for SSSG-switching feature, the minimum time for the application delay is captured in TS 38.213 Section 10.4. The values are as follows:
Table 1: Minimum value of  [symbols]
	
	Minimum  value for
 UE processing capability 1 [symbols]
	Minimum  value for
 UE processing capability 2 [symbols]

	0
	25
	10

	1
	25
	12

	2
	25
	22

	3
	40
	-

	5
	160
	-

	6
	320
	-



The above values can be used as the minimum application delay for Rel. 17 SSSG-switching. 
Proposal 7 [bookmark: _Toc86930119][bookmark: _Toc95739255]The minimum application delay from SSSG-switching feature (as described in 38.213-h00, 10.4-1) is reused for Rel-17.
Note that in SSSG-switching feature for NR-U, the application delay is on a symbol basis. I.e., the application delay is counted from the last symbol of the received indication, e.g., the last symbol of the PDCCH containing the DCI which indicates switching. A similar approach can be used for Rel. 17 PDCCH monitoring adaptation feature.
2.3.1.2	Application delay for SSSG-switching indicated by scheduling DCI
UE power-saving through SSSG-switching is achieved by switching to an SSSG with sparse monitoring at the end of the data burst. For the case of the switching is being triggered by a scheduling DCI, the gNB would typically send the switching command anticipating that the corresponding PDSCH is successfully received. However, this cannot be always guaranteed, and premature switching to sparse monitoring increases delays in packet delivery.
Straightforwardly, this issue can be omitted when the UE feedback (e.g., ACK/NACK) is considered for the adaptation, e.g., the UE will only switch to the sparser SS after it successfully decodes the PDSCH scheduled using the PDCCH that contains the switching indication. This approach is preferable because it does not require a complex mechanism. For example, in another option, we may want to apply the switching immediately after the indication, and if the UE fails to decode the PDSCH, the UE may then monitor the possible retransmission. Here, additional complexities in the mechanism may come from:
· A relation between the retransmission timer with the SSSG may need to be defined, e.g., what SSSG needs to be applied during the retransmission window. There is also a possibility that the UE needs to switch back and forth between SSSGs.
· For the case of switching from sparse to dense (e.g., at the start of the data burst), the NW may already change to denser SSSG while the UE is still in the sparse SSSG.
· In some cases, e.g., if the PDSCH is failed to be decoded one or more times, the retransmission window may collide with the DRX on-duration. How to handle such a situation needs to be agreed upon.
· The behavior of the switching timer in this scenario may also need to be agreed upon.
· The possible additional delay due to the retransmission with sparse monitoring may hinder the NW to configure the UE with a “very” sparse monitoring which may reduce the potential power-saving.
Considering the above, it is preferable that the UE applies the indicated SSSG after the HARQ feedback.
Proposal 8 [bookmark: _Toc71665280][bookmark: _Toc78814445][bookmark: _Toc86930122][bookmark: _Toc95739256]For SSSG-switching via DL scheduling DCI, UE applies switching command (i.e., to the indicated SSSG) after transmitting HARQ-ACK feedback.

2.3.2	Application delay for PDCCH-skipping
For PDCCH-skipping, the effect of the mismatch between the NW and the UE comes  when the UE is configured with skipping durations beyond HARQ feedback time. Therefore, as long as the NW has opportunities to send the retransmission (if the UE fails to decode the PDSCH) the UE may still gain power-saving while not necessarily decreasing the throughput. In other words, an application delay of 0 can be applied for PDCCH-skipping.
Proposal 9 [bookmark: _Toc95739257]For PDCCH-skipping via scheduling DCI, UE applies the skipping at the first slot after the last OFDM symbol containing the skipping indication.

In dealing with possible HARQ retransmission, having the NACK as an indication to cancel the PDCCH-skipping is preferable. After the indication is canceled, and if the NW sees that it is still beneficial for the UE to have the skipping, the NW may then send another skipping indication using the DCI carrying the PDSCH retransmission. 
The above needs to be supported to allow operation with different use-case specific skipping durations. For example, if the skipping duration is large (i.e., beyond HARQ feedback time,), then retransmission of the TB is delayed until end of PDCCH skipping. To avoid this, NW is forced to configure very short skipping durations, which reduces the utility of the feature from UE power consumption perspective. On the other hand, applying skipping always after ACK would imply skipping is unnecessarily delayed, which is also not helpful from UE power consumption perspective. 
In previous meetings it has also been proposed to cancel skipping (i.e., UE still performs  PDCCH monitoring) when drx-RetransmissionTimerDL/UL is running.  Since the drx-RetransmissionTimerDL/UL is triggered when a TB is not successfully decoded (from L1 perspective a NACK is sent in the scenario), this mechanism is somewhat similar to below Proposal. However, since the DRX parameters are configured per MAC entity or per DRX group (if supported), linking PDCCH skipping (which is L1 procedure handled per cell) with the timers is less preferable compared to below proposal.
Proposal 10 [bookmark: _Toc95725933][bookmark: _Toc86930124][bookmark: _Toc95739258]If the UE fails to decode the PDSCH (and transmits a NACK), skipping is canceled in the slots after the NACK transmission (if any).
2.4 	Relation with BWP-switching
As the PDCCH monitoring adaptation is configured per-BWP, 2 BWPs may be configured with different PDCCH monitoring adaptation configuration. Therefore, when the BWP is switched, either via DCI or via BWP inactivity timer, the state which the UE should follow in the new active BWP needs to be agreed. In addition, some parameter behavior, e.g., skipping duration or switching timer during the BWP-switching may also need to be discussed.
Simultaneous BWP-switching and PDCCH monitoring adaptation
When the BWP-switching is triggered by a DCI which also contains PDCCH monitoring adaptation bitfield, technically, some possible options are:
· Alt 1: The configuration of the source BWP is used for PDCCH monitoring adaptation at the first slot of the target BWP.
· Alt 2: The configuration of the target BWP is used for PDCCH monitoring adaptation at the first slot of the target BWP.
· Alt 3: A default behavior starts when the UE switches to a new BWP (e.g., SSSG0 and no skipping).
Alt 1 and Alt 2 may give a better option in terms of giving a better flexibility, e.g., the NW may determine the behavior when the UE starts using the target BWP. However, it may also bring a challenge, in particular when the configuration difference between the source and the target BWP also includes differences on the codepoints, e.g., when the source BWP is configured with 2 SSSGs while the target BWP is configured with 3 skipping duration. If Alt 1 is used, there will be an inconsistency as the source BWP could only indicate whether to use SSSG0 or SSSG1 while the target BWP is not configured with SSSG-switching. Technically, Alt 2 can be used as the adaptation depends on the target BWP configurations, i.e., the target BWP will be able to apply the PDCCH monitoring adaptation configuration. One thing that may need to be considered with this Alt is that there should be an agreement on the interpretation of the codepoint when the size of the PDCCH monitoring adaptation bitfield of the source BWP and the target BWP is different. In the above example, the source BWP could only indicate either 0 or 1 while the target BWP has a codepoint of 00, 01, 10, and 11. Therefore, if Alt2 is used, a mapping between codepoints for the case of the size of the PDCCH monitoring adaptation bitfield of the target BWP and the source BWP different, is required. Alt 3, on the other hand, has a more consistent state interpretation. However, this option may be less flexible, e.g., the UE cannot be indicated to start with SSSG1 in the target BWP.
Note that depends on the agreement on the above alternatives, the SSSG-switching timer behavior may also needs to be agreed, e.g., whether the SSSG-switching timer needs to be reset, terminated, or started (including when it needs to be started).

Non-Simultaneous BWP-switching and PDCCH monitoring adaptation 
Non-simultaneous BWP-switching and PDCCH monitoring adaptation can happen when the BWP-switching is initiated by the BWP-inactivity timer and/or when the source or target BWP is not configured with PDCCH monitoring adaptation.
For the case of BWP-switching is triggered by the BWP inactivity timer, the behavior can be more straightforward. I.e., the newly active BWP can start with its default behavior, e.g., start with SSSG0 (if configured) and no skipping state. The other possible option is to follow the latest state of the source BWP. However, this may bring an inconsistency as the PDCCH monitoring adaptation configuration of the source and the target BWP configurations can be different. As in this case the NW does not have a direct DCI indication, following the default behavior of the target BWP is a more intuitive solution. Similarly, when the target BWP is configured with PDCCH monitoring adaptation and the source BWP is not configured with PDCCH monitoring adaptation bitfield, the default behavior of the target BWP can be used when the UE starts using the target BWP. For the case of the source BWP is configured with PDCCH monitoring adaptation and the target BWP is not configured with PDCCH monitoring adaptation, the PDCCH monitoring adaptation bitfield can be simply ignored.
Proposal 11 [bookmark: _Toc95739259]When the BWP inactivity timer expires, the UE starts the target BWP with the default state (e.g., SSSG0).
Proposal 12 [bookmark: _Toc95739260]When the source BWP is not configured with PDCCH monitoring adaptation and the target BWP is configured with PDCCH monitoring adaptation, the target BWP starts with the default state (e.g., SSSG0).
Proposal 13 [bookmark: _Toc95739261]When the source BWP is configured with PDCCH monitoring adaptation and the target BWP is not configured with PDCCH monitoring adaptation, the PDCCH monitoring adaptation bitfield when BWP-switching indicated, is ignored.

Conclusion
In section 2, the following observations and proposals were made: 
Proposal 1	If PDCCHSkippingDurationList is not configured, the width of the PDCCH monitoring adaptation bitfield is:
-	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.
Proposal 2	For Beh 1, a '0' or ‘00’ value for the bit implies that the corresponding DCI is not used for PDCCH skipping indication.
Proposal 3	The SSSG timer is reset when UE receives a PDCCH with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI.
Proposal 4	If the SSSG-switching timer expires and the UE is still in the skipping duration, the UE finishes the skipping duration and monitors PDCCH according to SSSG0 when skipping duration ends.
Proposal 5	UL scheduling request can be used as an implicit indication for PDCCH monitoring adaptation (to end the skipping or to switch to an SSSG). The SSSG (if configured) that UE monitors after transmitting an UL scheduling request is configurable by NW.
Proposal 6	For UE configured with DRX, higher layer signaling can configure SSSG that a UE monitors when coming out of DRX to monitor an ON duration.
Proposal 7	The minimum application delay from SSSG-switching feature (as described in 38.213-h00, 10.4-1) is reused for Rel-17.
Proposal 8	For SSSG-switching via DL scheduling DCI, UE applies switching command (i.e., to the indicated SSSG) after transmitting HARQ-ACK feedback.
Proposal 9	For PDCCH-skipping via scheduling DCI, UE applies the skipping at the first slot after the last OFDM symbol containing the skipping indication.
Proposal 10	If the UE fails to decode the PDSCH (and transmits a NACK), skipping is canceled in the slots after the NACK transmission (if any).
Proposal 11	When the BWP inactivity timer expires, the UE starts the target BWP with the default state (e.g., SSSG0).
Proposal 12	When the source BWP is not configured with PDCCH monitoring adaptation and the target BWP is configured with PDCCH monitoring adaptation, the target BWP starts with the default state (e.g., SSSG0).
Proposal 13	When the source BWP is configured with PDCCH monitoring adaptation and the target BWP is not configured with PDCCH monitoring adaptation, the PDCCH monitoring adaptation bitfield when BWP-switching indicated, is ignored.
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Annex
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.
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

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.
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