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1. [bookmark: _Toc120549591]Introduction
During RAN1 #106bis e-meeting [1], the following agreement about dynamic PDCCH monitoring adaptation in active time were agreed,
Agreement
Confirm the four working assumptions (extracted from package 1)
Working assumption(extracted from package 1):
Beh 1: PDCCH skipping is not activated
Working assumption(extracted from package 1):
Indication of Beh 1A for current SSSG when two SSSG(s) are configured is supported
Working assumption(extracted from package 1):
At most 3 SSSGs is supported to be configured for PDCCH monitoring adaptation.
Working assumption(extracted from package 1):
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]
· [bookmark: _Hlk86525333]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
o    {[1...20,40,60,80,100]} for 15 kHz SCS,
o    {[1...40, 80,100,160,200]} for 30 kHz SCS,
o    {[1...80, 160,200,320,400]} for 60kHz SCS,
o    {[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,
o    Alt 1: the UE monitoring PDCCH according to Beh 2
o    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,
o    Option b
o    Option f
o    Option d for downlink grant and Option c for uplink grant
o    Option i
o    Option j
o    Note: down-select based on the options in RAN1#107-E
-         For SSSG switching,
o    Option a
o    Option d for downlink grant  and Option c for uplink grant
o    Option h
o    Option b
o    Option d for downlink grant and Option g for uplink grant
o    Note: down-select based on the options in RAN1#107-E
-         The Options a – j is defined as follows,
o    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: 
o    Option b:  the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended.
o    Option c: PDCCH monitoring adaptation command applies after PUSCH transmission if triggered by UL DCI
o    Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding).
o    Option e: after successfully decoding TB.
o    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
o    Option g:  Application delay(s) are configured via RRC signaling
o    Option h:  Application delay applies after drx-RetransmissionTimerUL expires
o    Option i: Leave up to implementation
o    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.
o    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, the detailed design of PDCCH monitoring adaptation are discussed and proposals are made.
2. Discussion
2.1 UE monitoring behaviour 
In last meeting, four cases have been agreed for PDCCH monitoring adaptation, the only FFS part is Case 5. Considering the additional UE complexity will not be increased if UE have already supported Case 3 and the Case 5 will give gNB more flexibility to configure the PDCCH monitoring adaptation behaviour, Case 5 can also be supported. 
Proposal 1. Support Case 5 (i.e., 3 SSSG switching and skipping) for PDCCH monitoring adaptation.
Another FFS issue is the bit mapping for Case 4, considering the main difference between SSSG is the PDCCH monitoring periodicity and whether the PDCCH monitoring can be skipped is due to data arrival, thus both two SSSG can be indicated whether can be skipped for a duration. That is Case 4 is a combination of Beh 1 series and Beh 2 series, which gNB can further indicate UE whether to skip some duration for a given SSSG.
Proposal 2. For Case 4 (i.e., 2 SSSG switching with PDCCH skipping), the bit mapping is:
· ‘00’ is Beh 2 + Beh 1
· ‘01’ is Beh 2 + Beh 1A
· ‘10’ is Beh 2A + Beh 1
· ‘11’ is Beh 2A + Beh 1A
[bookmark: _Hlk86525406]2.2 SSSG switching 
As the SSSG switching timer, we think it is much suitable to configure it per SSSG considering the SS sets periodicities are different in different SSSGs to match traffic patterns and this configuration can also give gNB more flexibility.
Proposal 3. Support 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.
[bookmark: _Hlk83799747]Besides the explicit indication of SSSG switching, implicit SSSG switching can also be supported, a default SSSG monitoring can be configured and applied for the following cases,
· SSSG switching triggered by SR
· SSSG switching triggered by RACH
Proposal 4. A default SSSG can be configured and applied for the following cases:
· SSSG switching triggered by SR
· SSSG switching triggered by RACH
2.3 PDCCH skipping 
In the above section, we support the Case 4 and Case 5, which a combination of SSSG indication and skipping/not skipping indication. In this sense, the configured PDCCH skipping duration should be common for two/three SSSGs to simplify the design. Otherwise, additional signalling is needed to indicate the association between SSSG and PDCCH skipping duration if it is configured in per-SSSG manner.
Proposal 5. The skipping duration(s) is configured per BWP.
2.4 Non-scheduling DCI signalling 
According the RAN1#105-e meeting agreements, at least DCI format(s) 1-1, 0-1, 1-2 and 0-2 can be used for the scheduling DCI indication of PDCCH adaption. Besides the scheduling DCI, non-scheduling DCI can also be supported to indicate PDCCH adaption. For non-scheduling DCI, there are three options according to the RAN1#104-e agreements,
· Non-scheduling DCI
· Format 2_6 in active time
· Format 2_0
· Format 1_1 (SCell dormancy case 2)
DCI format 2_6 out of active time is used to indicate UEs whether to wake up for PDCCH monitoring during the next DRX cycle, and it can also realize SCell dormancy indication. When it is used for active time for PDCCH monitoring adaption, both the wake up indication and SCell dormancy indication are not needed and information bits for SSSG switching should be introduced in DCI format 2_6, then DCI format 2_6 will be a new format different from DCI format 2_6 introduced for WUS in R16. In addition, DCI size budget will also be increased if it is not aligned with scheduling DCI or other DCI format 2_x series.
The motivation of DCI format 2_0 is to reuse NR-U solution, where search space set group switching flag is present in DCI format 2_0 for UE to decide which group to monitor. Since DCI size of DCI format 2_0 is not aligned to fallback DCI format 1_0 or 0_0, this will require UE to monitor a different DCI size when SSSG switching is configured even when SFI is not needed to monitor. 
DCI format 1_1 has been used for SCell dormancy indication case 2, by setting specific values for frequency domain resource assignment field, and repurpose some fields to provide a bitmap for each configured SCell. Similar method can be used to carry PDCCH monitoring adaptation indication by repurposing more DCI field(s) to inform UE the monitored SSSG. The advantage of DCI format 1_1 is without additional DCI size alignment issue. What’s more, UE specific search space is more suitable for the motivation of dynamic PDCCH monitoring adaptation, which is per UE specific rather than UE group specific. So DCI format 1_1 (SCell dormancy case 2) is preferred as non-scheduling DCI indication.
Proposal 6. Format 1_1 (SCell dormancy case 2) is supported as non-scheduling DCI indication for PDCCH monitoring adaptation in active time for an active BWP.
3. Conclusions
In this contribution, detailed PDCCH monitoring adaptation design are discussed, and the following proposals are made.
Proposal 1. Support Case 5 (i.e., 3 SSSG switching and skipping) for PDCCH monitoring adaptation.
Proposal 2. For Case 4 (i.e., 2 SSSG switching with PDCCH skipping), the bit mapping is:
· ‘00’ is Beh 2 + Beh 1
· ‘01’ is Beh 2 + Beh 1A
· ‘10’ is Beh 2A + Beh 1
· ‘11’ is Beh 2A + Beh 1A
Proposal 3. Support 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.
Proposal 4. A default SSSG can be configured and applied for the following cases:
· SSSG switching triggered by SR
· SSSG switching triggered by RACH
Proposal 5. The skipping duration(s) is configured per BWP.
Proposal 6. Format 1_1 (SCell dormancy case 2) is supported as non-scheduling DCI indication for PDCCH monitoring adaptation in active time for an active BWP.
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