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Introduction
Throughout Rel-17 RAN1 meetings up to RAN1 #107-e, the baseline design of DCI-based PDCCH monitoring adaptation has been completed. Basically, by scheduling DCI formats, two types of PDCCH monitoring adaptation schemes can be indicated:
· Search space set group switching,
· PDCCH skipping for a certain duration.
However, due to lack of meeting time, some detailed aspects of the design have been overlooked and still need further maintenance. In this contribution, we present our views on the missing details of PDCCH monitoring adaptation.
Discussion 
[bookmark: _Ref92297796]Monitoring of CSS during PDCCH monitoring adaptation
In RAN1 #107-e, the following proposal has been discussed:
	[bookmark: _Hlk92283714]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 is not affected by PDCCH monitoring adaptation.


In Rel-16, SSSG switching is applied only for Type3 CSS or USS and monitoring of Type0/0A/1/2 CSS is not affected. The same design can be inherited to Rel-17 SSSG switching. Somehow, it is already stated in that way in the latest CR for Section 10.4 of TS 38.213 [1]. Thus, by the current CR, Type0/0A/1/2 CSS monitoring will not be affected by SSSG switching.
For PDCCH skipping, likewise, monitoring of broadcast PDCCHs (i.e., DCI format 0_0 or 1_0 with CRC scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI, or P-RNTI) should not be affected. However, another important issue is whether to allow monitoring of unicast PDCCHs (i.e., DCI format 0_0 or 1_0 with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI) piggybacked in Type0/0A/1/2 CSSs. When the network indicates PDCCH skipping to the UE, it should guarantee that there will not be any unicast data scheduled during the indicated skip duration. Thus, it is sensible for the UE not to monitor any unicast PDCCHs during the skip duration. 
Furthermore, as will be discussed in Section 2.3, PDCCH skipping may be seen as the same functionality as DRX, as least for a single serving cell, e.g., by invalidating or suspending drx-onDurationTimer or drx-InactivityTimer, and the expected behavior during the skip duration would be the same that of DRX:
	[bookmark: _Toc60791771]5.7        Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CI-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, and AI-RNTI. …


[bookmark: P_1]Proposal 1: During an indicated PDCCH skip duration, a UE does not monitor any PDCCH candidates for DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI, in any CSS and USS.

SSSG switching timer
In RAN1 #107-e, two alternatives for the configuration granularity of SSSG switching timer has been discussed:
· Alt 1: the timer values for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 are separately configured within a BWP. 
· Alt 3: the timer values for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 are common per BWP.
Since it was agreed to support up to three SSSGs, it would be beneficial to allow SSSG-specific timer configuration, as stated in Alt 1. This may enhance the flexibility of SSSG configuration and potentially provide a higher power saving gain. For example, if both SSSG#1 and SSSG#2 are configured, each non-default SSSG can be configured with a unique timer value along with a unique set of search space sets, to match the time-varying traffic characteristics.
[bookmark: P_2]Proposal 2: The initial timer value for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 are separately configured within a BWP.
Regarding the SSSG switching timer operation, the following has been agreed in RAN1 #107-e:
	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
· Alt 2a: 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, decrease the timer value by one after each slot.
· FFS: When the timer expires in a slot



For the resetting condition of the timer, one of the three alternatives should be down selected. Considering that the purpose of SSSG switching is to adapt time-varying and UE-specific traffic characteristics, resetting of the timer should also be determined by the UE-specific traffic. Along with the discussion in Section 2.1, it would be desirable that any broadcast or group-common control and data should not affect (or be affected by) the SSSG switching operation. Hence, with Alt 2a and Alt 2b, resetting the timer upon reception of GC-PDCCH in Type3 CSS may not be well-justified. On the other hand, the resetting condition in Alt 2c only depends on the unicast traffic – the behavior is also aligned with the conditions of resetting bwp-InactivityTimer.
[bookmark: P_3]Proposal 3: SSSG timer is reset after a slot of the active DL BWP of the serving cell when the UE detects a DCI format with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI in the slot.

[bookmark: _Ref92310009]Application delay and HARQ handling
Once the power saving adaptation is indicated, either explicitly or implicitly, a time margin, from the triggering instance to the actual application of the power saving adaptation, is required. The margin, i.e., an application delay, is needed for a UE to process DCI (if the adaptation is indicated by the DCI), or to reconfigure UE’s processing blocks and modes according to the indication. Different types of application delays have widely been adopted in Rel-15 and Rel-16. For example, in Rel-16, the application delay of minimum scheduling offset restriction is determined by a  parameter, which is provided in Table 5.3.1-1 in TS 38.214 for different numerologies. Similarly, for Rel-16 SSSG switching, the application delay, , is given by a higher layer parameter searchSpaceSwitchDelay, where the minimum value of  is provided in Table 10.4-1 in TS 38.213 for different numerologies and UE processing capabilities.
For SSSG switching, the existing Rel-16 design of SSSG switching could largely be leveraged to accommodate the DCI processing and reconfiguration delay. That is, the application delay can be made configurable by higher layer signaling, while the configured value fulfills the minimum value requirement, as provided in Table 10.4-1 in TS 38.213, depending on the numerology and UE processing capability. Additionally, the application delay of SSSG switching should not depend on the outcome of HARQ-ACK feedback because, otherwise, the turn-around time of the HARQ process would be very long and the benefit over BWP switching will diminish. On the other hand, for the recovery from potential misdetection of PDCCH, the application of SSSG switching may interact with the outcome of the HARQ-ACK feedback. However, it may also be left up to the network and the UE.
When it comes to the minimum switching delay requirement for , the working assumption in the Rel-17 FR2-2 agenda item can be reused:
	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





For PDCCH skipping, zero delay may be assumed since, unlike SSSG switching, no reconfiguration of processing blocks would be needed for the PDCCH skipping function. Note that, even if the nominal application delay is zero, the actual application of PDCCH skipping may be delayed due to UE’s DCI processing time. Furthermore, to maximize the PDCCH skipping opportunities, the zero delay should not depend on the HARQ status of the UE. That is, if the UE has to cancels PDCCH skipping by transmitting a NACK, the overall PDCCH skipping, and sleep opportunities shrink. Also, since only a HARQ retransmission needs to be received and no other new traffic would be expected during the indicated skip duration, cancelling skip and turning back to normal PDCCH monitoring seems excessive. Therefore, similar to the existing HARQ retransmission handling mechanism during the DRX operation, discontinuous PDCCH monitoring by RTT and Retransmission timers, shown in Figure 1, would be sufficient. Effectively, when DRX is configured, this behavior would be implemented by temporarily suspending or invalidating drx-onDurationTimer and drx-InactivityTimer of the DRX during the indicated skip duration.
Note that, during the discussion of Rel-17 UE power saving WI scope, it was commonly understood that DRX, which is the legacy PDCCH monitoring adaptation, should be the baseline. Any Rel-17 connected mode power saving schemes should not be regarded as an alternative of the DRX, but should provide additional gain on top of the DRX – this is the reason that this sub-agenda is called “DCI-based power saving adaptation during DRX Active Time”. Since the DRX configuration is prerequisite, the RTT and Retransmission timers are always available as parts of the DRX configuration. Thus, for HARQ handling during the skip duration, the RTT and Retransmission timers of the DRX can be reused, without introducing separate timer entities just for PDCCH skipping. 
[bookmark: P_4]Proposal 4: For the application delay of PDCCH monitoring adaptation
· PDCCH skipping (Alt 3d):
· Case 1: Upon detecting a scheduling DCI format 1-1/1-2 indicating PDCCH skipping (i.e., Beh 1A),
· The UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
· DL HARQ retransmission during the skip duration is handled by RTT/ReTx timers.
· The timer based HARQ operation is the same as DRX.
· Case 2: Upon detecting a scheduling DCI format 0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A),
· The UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
· UL HARQ retransmission during the skipping duration is handled by RTT/ReTx timers.
· The timer based HARQ operation is the same as DRX.
· SSSG switching (Alt 1a):
· Cases 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),
· 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.
· Case 5: Upon SSSG timer expiry, UE performs Beh 2 at a first slot that is at least Pswitch symbols after a slot where the timer expires.



(a)


(b)
[bookmark: _Ref86955954]Figure 1: Discontinuous PDCCH monitoring in a skip duration for HARQ retransmission handling: 
(a) when ACK is reported, (b) when NACK is reported.

Carrier-group-based power saving adaptation
When the UE is configured with carrier aggregation, depending on the implementation, some RF frontend blocks may be shared across component carriers, in particular for the intra-band CA case. In this case, if the PDCCH monitoring adaptation is performed on per-CC basis, the overall power saving gain will be diluted. For example, if the UE is indicated to skip PDCCH monitoring for a certain duration on a CC, while it still has to monitor PDCCH on another CC sharing the same RF frontend, the UE cannot put the RF frontend into sleep for the indicated skip duration. Typically, a bigger power saving gain is expected by the adaptation of the RF hardware than the adaptation of baseband processing. Thus, to maximize the power saving gain, alignment of PDCCH monitoring adaptation across CCs is deemed to be inevitable.
It is noteworthy that some Rel-16 schemes, e.g., SCell dormancy adaptation and SSSG switching, already support joint adaptation across CCs based on carrier-groups. The same design principle may be leveraged for the Rel-17 PDCCH monitoring adaptation. That is, one or more groups of component carriers may be configured for the joint adaptation of PDCCH monitoring. The triggering indication may be delivered only on an anchor cell, e.g., PCell or PSCell. Further, the UE may indicate its preferred carrier grouping to the network, e.g., via the UE assistance information feedback. Compared to the SCell dormancy adaptation in Rel-16, the carrier-group-based PDCCH monitoring adaptation will provide more dynamic adaptation, which would be particularly important for some newly emerging traffic types and applications, such as XR, cloud gaming, and video conference.
[bookmark: P_5]Proposal 5: In the CA scenario, for the joint adaptation across CCs, carrier-group-based PDCCH monitoring adaptation is considered.

Triggering mechanisms of power saving adaptation
Power saving is in general a UE-specific issue, which highly depends on individual UE’s traffic condition. Thus, UE-specific triggering mechanisms should be considered. In RAN1 #105-e, it was agreed that scheduling DCI formats 0_1/1_1/0_2/1_2 can be used for the explicit indication of the PDCCH monitoring adaptation. Additionally, non-scheduling DCI formats, which is similar to Case 2 SCell dormancy indication in Rel-16, may be considered to maintain the design consistency with Rel-16. Also, for indication outside DRX active time, DCI format 2_6 may be a good candidate, which can indicate the SSSG that the UE should monitor for the next DRX active time. Either new fields may be added to these candidate DCI formats or any existing fields may be repurposed for indicating the PDCCH monitoring adaptation. 
[bookmark: P_6]Proposal 6: For explicit indication of PDCCH monitoring adaptation, in addition to scheduling DCI formats 0_1/1_1/0_2/1_2, non-scheduling DCI formats are also considered:
· DCI format 1_1 (similar to Case 2 SCell dormancy indication),
· DCI format 2_6 (outside active time).
In some cases, UE-initiated triggering of power saving adaptation may be required. For example, if an UL traffic arrives while the UE is in a PDCCH skip duration, the UE may transmit a scheduling request and expect to receive an UL grant as early as possible. In another example, if the UE transmits a PRACH preamble while it is in a PDCCH skip duration, e.g., for beam failure recovery, the UE may wish to receive a response from the gNB as early as possible. In both of these exemplary cases, it would be desirable that the autonomously terminate the PDCCH skip duration.
[bookmark: P_7]Proposal 7: Transmission of a SR and a PRACH preamble terminates a PDCCH skip duration.

Conclusions
Proposal 1: During an indicated PDCCH skip duration, a UE does not monitor any PDCCH candidates for DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI, in any CSS and USS.
Proposal 2: The initial timer value for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0 are separately configured within a BWP.
Proposal 3: SSSG timer is reset after a slot of the active DL BWP of the serving cell when the UE detects a DCI format with CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI in the slot.
Proposal 4: For the application delay of PDCCH monitoring adaptation
· PDCCH skipping (Alt 3d):
· Case 1: Upon detecting a scheduling DCI format 1-1/1-2 indicating PDCCH skipping (i.e., Beh 1A),
· The UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
· DL HARQ retransmission during the skip duration is handled by RTT/ReTx timers.
· The timer based HARQ operation is the same as DRX.
· Case 2: Upon detecting a scheduling DCI format 0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A),
· the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
· UL HARQ retransmission during the skipping duration is handled by RTT/ReTx timers.
· The timer based HARQ operation is the same as DRX.
· SSSG switching (Alt 1a):
· Cases 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),
· 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.
· Case 5: Upon SSSG timer expiry, UE performs Beh 2 at a first slot that is at least Pswitch symbols after a slot where the timer expires.
Proposal 5: In the CA scenario, for the joint adaptation across CCs, carrier-group-based PDCCH monitoring adaptation is considered.
Proposal 6: For explicit indication of PDCCH monitoring adaptation, in addition to scheduling DCI formats 0_1/1_1/0_2/1_2, non-scheduling DCI formats are also considered:
· DCI format 1_1 (similar to Case 2 SCell dormancy indication),
· DCI format 2_6 (outside active time).
Proposal 7: Transmission of a SR and a PRACH preamble terminates a PDCCH skip duration.
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