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Introduction
DCI-based power saving adaptation during DRX Active Time was discussed in RAN1 #106bis-e and the following were agreed [1]:
Agreement
Confirm the four working assumptions (extracted from package 1)
Working assumption:
· Beh 1: PDCCH skipping is not activated
Working assumption:
· Indication of Beh 1A for current SSSG when two SSSG(s) are configured is supported
Working assumption:
· At most 3 SSSGs is supported to be configured for PDCCH monitoring adaptation.
Working assumption:
· Beh 2B: stop monitoring SS sets associated with SSSG#0 and SSSG#1 and monitoring of SS sets associated to SSSG#2.
Agreement 
Scheduling DCIs indicating timer value for a SSSG is not supported.

Agreement
For Beh 1A,
· The UE can be configured to be indicated by DCI a value of X slots (i.e., skipping duration) among multiple RRC configured values by scheduling DCIs indicating PDCCH schedules data
· The bits for indicating PDCCH monitoring adaptation also indicating skipping duration. Details FFS
Agreement
The bit mapping of DCI indication PDCCH monitoring adaptation is as follows,
· For Case 1 (i.e., PDCCH skipping), the following is supported
· 1-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if M=1
· ‘0’ is Beh 1 and ‘1’ is Beh 1A
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if M=2 or 3
· ‘00’ is Beh 1
· ‘01’ is Beh 1A with skipping duration 1
· ‘10’ is Beh 1A with skipping duration 2
· ‘11’ is Beh 1A with skipping duration 3 if M=3, reserved if M=2
· For Case 2 (i.e., 2 SSSG switching) , the following is supported
· 1-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors
· ‘0’ is Beh 2 and ‘1’ is Beh 2A
· 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]
· For Case 4 (i.e., 2 SSSG switching with PDCCH skipping) , the following is supported
· 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors, 
· FFS details bit mapping
· FFS: For Case 5 (i.e., 3 SSSG switching and skipping)
· 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 Beh 1A
· FFS Timer behavior when Beh 1A is indicated
· Note: The UE can be configured to be indicated by DCI a value of X slots (i.e., skipping duration) among M RRC configured values by scheduling DCIs indicating PDCCH schedules data
· FFS whether to restrict Skipping duration to be shorter than SSSG initial timer value
· FFS whether the configuration is same or different for DCI format x_1 and DCI format x_2

Agreement
· The value of the SSSG switching timer in slots for SSSG#1 and/or SSSG#2 can be configured as
· {[1...20,40,60,80,100]} for 15 kHz SCS,
· {[1...40, 80,100,160,200]} for 30 kHz SCS,
· {[1...80, 160,200,320,400]} for 60kHz SCS,
· {[1...160,320,400,640,800]} for 120kHz SCS
Agreement
· If the UE monitors PDCCH according to SSSG#1 and the timer expires, the UE starts monitoring PDCCH according to Beh 2.
· If the UE monitors PDCCH according to SSSG#2 and the timer expires,
· Alt 1: the UE monitoring PDCCH according to Beh 2
· Other alternatives are not precluded
· Timer can be optionally configured.

Agreement
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.

Agreement
The following application delay for a scheduling DCI based PDCCH monitoring adaptation indication can be considered,
· For PDCCH skipping,
· Option b
· Option f
· Option d for downlink grant and Option c for uplink grant
· Option i
· Option j
· Note: down-select based on the options in RAN1#107-E
· For SSSG switching,
· Option a
· Option d for downlink grant  and Option c for uplink grant
· Option h
· Option b
· Option d for downlink grant and Option g for uplink grant
· Note: down-select based on the options in RAN1#107-E
· The Options a – j are defined as follows,
· Option a: the application timelines provided in Table 10.4-1 in TS38.213 for search-space group switching for unlicensed band form is reused.
·  for SCS configuration , FFS X = 25 or 39
· FFS: 
· Option b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended.
· Option c: PDCCH monitoring adaptation command applies after PUSCH transmission if triggered by UL DCI
· Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding).
· Option e: after successfully decoding TB.
· Option f: Application delay should be “ZERO” for PDCCH monitoring adaptation. PDCCH monitoring adaptation would be applied after UE receive the additional PDCCH monitoring adaptation control signaling bit(s) in DCI
· Option g: Application delay(s) are configured via RRC signaling
· Option h: Application delay applies after drx-RetransmissionTimerUL expires
· Option i: Leave up to implementation
· Option j: UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in DL assignment. If the UE fails to decode the associated PDSCH and transmits a NACK, skipping is canceled in the slots after the NACK transmission. Option g ( application delay configured via RRC signaling) is used for uplink grant. If RRC signaling is not provided, UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in UL grant.
· Other options not precluded.
· FFS reference points for the application delay,
· FFS whether the same or different and how application delay for PDCCH monitoring adaptation indicated by DCI and timer expiration
· FFS non-scheduling DCI if supported

In this contribution, remaining aspects of DCI-based power saving adaptation are discussed.
 
DCI-based power saving signal
In RAN1 #106bis-e, the bit mapping of DCI indication to PDCCH monitoring adaptation was discussed and Case 4 (2 SSSGs with skipping) was left for FFS. For Case 4, the following alternatives were proposed:
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Figure 1 Codepoint mapping alternatives for Case 4
In Alt 1, two codepoints are allocated to indicate SSSG switching and two codepoints are allocated to indicate two skipping durations per SSSG. Alt 2 can be considered as a subset of Alt 1 such that only one codepoint can be configured per SSSG to indicate skipping. In Alt 2, the LSB is used to indicate the SSSG index and the MSB is used to indicate whether to skip or not. In Alt 3, skipping can be performed in only one SSSG and again it can be considered as a subset of Alt 1.
We think Alt 1 offers the largest flexibility which would result in the largest power saving gain. Several companies have proposed Alt 2 to reduce the impact of DCI misdetection. The proposed reasoning is that if the UE misses the DCI that indicates switching to the other SSSG, after receiving a skipping indication in the new SSSG, the UE can realize that DCI was missed since skipping codepoints are different for different SSSGs. However, the probability of DCI misdetection is low, and it can be corrected by the gNB. So, it is an overoptimization to reduce skipping durations from two to one which can detrimentally affect the power saving gain. In addition, the mentioned reasoning depends on the assumption that DCI transmitted by the gNB is received by the UE in the new SSSG, this however, may not be true because the search spaces configured for the SSSGs are expected to be different. Similar observations hold for Alt 3 as well. Therefore, we propose the following:

Proposal 1: For Case 4, support the following codepoint mapping:
· ‘00’ is Beh 2 + Beh 1
· ‘01’ is Beh 2A + Beh 1
· ‘10’ is Beh 1A (in current SSSG)
· ‘11’ is Beh 1A (in current SSSG)

Since the characteristics of the traffic monitored in one SSSG can be different from the other, optimal skipping durations would also be different. So, it is reasonable that skipping durations are configured per SSSG.

Proposal 2: PDCCH skipping duration(s) are configured per SSSG.

One other remaining aspect is how to configure the timer values used for switching from SSSG#2 to SSSG#0 and from SSSG#1 to SSSG#0. When SSSG#2 is configured, the main objective is assumed to emulate PDCCH skipping by defining SSSG#2 as a null SSSG. Therefore, the timer value used for switching from SSSG#2 to SSSG#0 should emulate a skipping duration while the purpose of the timer from SSSG#1 to SSSG#0 is same as in NRU-U. Therefore, these timer values should not be forced to be equal and should be configured per SSSG.

Proposal 3: 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.

[bookmark: _Hlk79134498]Another issue that needs to be addressed is the application delay and how to handle retransmissions if the PEI indicates to skip PDCCH monitoring or to switch to a null SSSG. The application delay should consider possible delays due to UE performing the necessary preparation before skipping or SSSG switching; and application delay should not depend on HARQ. Therefore, the following are proposed for application delay:

Proposal 4: Regarding application delay,
· For PDCCH skipping: Option f is supported. Application delay should be “ZERO” for PDCCH monitoring adaptation. 
· For SSSG switching: Option b is supported. The application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended

To handle pending or potential HARQ retransmission after skipping is indicated, the UE should monitor the PDCCH in the interval from when the DL/UL retransmission timer starts until the last symbol of the transmission carrying the retransmission grant.

Proposal 5: PDCCH skipping indication is not applied in an interval when the DL/UL retransmission timer is running and PDCCH is monitored.
Proposal 6: If the UE switches to a null SSSG, PDCCH is monitored according to a configured/defined search space set while DL/UL retransmission timer is running.

Summary
In this contribution, remaining issues for DCI-based power saving adaptation during DRX Active Time were discussed and the following have been proposed:

Proposal 1: For Case 4, support the following codepoint mapping:
· ‘00’ is Beh 2 + Beh 1
· ‘01’ is Beh 2A + Beh 1
· ‘10’ is Beh 1A (in current SSSG)
· ‘11’ is Beh 1A (in current SSSG)

Proposal 2: PDCCH skipping duration(s) are configured per SSSG.

Proposal 3: 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.

Proposal 4: Regarding application delay,
· For PDCCH skipping: Option f is supported. Application delay should be “ZERO” for PDCCH monitoring adaptation. 
· For SSSG switching: Option b is supported. The application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended

Proposal 5: PDCCH skipping indication is not applied in an interval when the DL/UL retransmission timer is running and PDCCH is monitored.
Proposal 6: If the UE switches to a null SSSG, PDCCH is monitored according to a configured/defines search space set while DL/UL retransmission timer is running.
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