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1. [bookmark: _Toc120549591]Introduction
During RAN1 #106 e-meeting [1], the following agreement about dynamic PDCCH monitoring adaptation in active time were agreed,
Agreement
· At most 2 bit indication in self-scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) can be specified for triggering the PDCCH monitoring adaptation in a single cell
· FFS: the bit size of the indication is configurable 
· FFS: bit mapping to the PDCCH monitoring behaviour 
· FFS: details of indication of multiple cells case

Agreement
Select either package 1 or package 2
Package 1
[bookmark: _Hlk83804436]       UE behavior after receiving PDCCH indication of monitoring adaptation can be one of the followings,
· Working Assumption: Beh 1: PDCCH skipping is not activated
· Beh 1A: PDCCH skipping means stopping PDCCH monitoring for a duration X
· FFS the possible values for X
· FFS: Whether and how to support more than one skipping duration(s)
· FFS: whether to continue monitoring PDCCH scrambled by C-RNTI for Type 0/1/1A/2 CSS or not
· Beh 2: stop monitoring SS sets associated with SSSG#1 and SSSG#2 (if confirmed) and monitoring  of SS sets associated to SSSG#0 (legacy behaviour)
· Beh 2A: stop monitoring SS sets associated with SSSG#0 and SSSG#2 (if confirmed)  and monitoring  of SS sets associated to SSSG#1 (legacy behaviour)
· Working Assumption: Beh 2B(if confirmed): stop monitoring SS sets associated with SSSG#0 and SSSG#1 and monitoring  of SS sets associated to SSSG#2 (if confirmed)
       Note: The number of supported SSSG is left to UE feature discussion.
       FFS: UE capability of supported UE behaviors
       Indication of Beh 1A when SSSG(s) are not configured is supported.
       Working assumption: Indication of  Beh 1A for current SSSG when two SSSG(s) are configured is supported
       FFS: Indication of  Beh 1A when three SSSG(s) (if supported) are configured
       Y bits is configured for scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) indicating PDCCH schedules data and also PDCCH monitoring adaptation
· FFS how the UE behavior(s) defined above mapping to Y bits
  Note: at most Y = 2
       Working Assumption at most 3 SSSGs is supported to be configured.
· FFS: whether or how SSSG can be configured to be monitored conditionally (e.g., depending on HARQ NACK or RTT/ReTx timers)
· FFS: whether or how non-default SSSG to another non-default SSSG
       FFS details of timer(s) for switching between SSSG(s)
· UE fallbacks to default SSSG (i.e., SSSG#0) after timer expiration.
· R16 timer for SSSG switching and the corresponding behavior is as baseline
       FFS whether the timer(s) is configured per SSSG, or per BWP or other approaches.
       FFS whether the skipping duration(s) is configured per SSSG, per BWP, or other approaches.
       FFS PDCCH monitoring adaptation indicated by non-scheduling DCI
       PDCCH based monitoring adaptation is limitedapplied to USS and type-3 CSS.
 
Package 2 (Alt 1 and Alt 2)
· If alt 1 is supported,
· supporting SSSG  switching to emulate PDCCH skipping functionality by an ‘empty’ SSSG (i.e. Alt 1-1)or ‘dormant’ SSSG(i.e. Alt 1-2)
· Y bits is configured for scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) indicating SSSG index.
· FFS dynamic indication of initial timer value(s)
· FFS details
· At most [3] SSSGs is supported to be configured.
· Note: including‘empty’ SSSG or ‘dormant’ SSSG
· FFS support of single timer to switch to default SSSG#0  or support of multiple timers between SSSGs
· FFS whether one or more of the following timer(s) is supported for switching between
· Option 1: Non-default SSSG to default SSSG (i.e., SSSG#0)
· Option 2: Non-default SSSG to another non-default SSSG
· Option 3: Default SSSG (i.e., SSSG#0) to non-default SSSG(s)
· FFS: down selection between ‘empty’ SSSG (i.e. Alt 1-1)or ‘dormant’ SSSG(i.e. Alt 1-2)
· FFS: whether ‘empty’ SSSG and ‘dormant’ SSSG, can be looked as a skipping duration and whether to introduce a SSSG state.
· FFS: whether the timer is configured per SSSG, per BWP, or other approaches.
· FFS: whether multiple timer duration(s) can be configured by RRC, and DCI dynamically indicates a timer duration
· FFS: do we need to define default SSSGs and for what purpose?
· Note: description of ‘empty’ SSSG and ‘dormant’ SSSG has been provided in RAN1#105-E
· If alt 2 is supported,
· PDCCH schedules data and also indicates PDCCH monitoring adaptation by PDCCH skipping for a duration is supported.
· Y bits is configured for scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) indicating PDCCH monitoring adaptation (including  SSSG index, and/or PDCCH skipping duration(s))
· Alt 2-1:
· FFS: Determination of the duration for PDCCH skipping, e.g.,
· One skipping duration configured by RRC signaling,
· Multiple candidate values of skipping duration configured by RRC signaling and use DCI to dynamically indicate one of the configured skipping duration
· by specification
· FFS: possible value(s) of the duration
· FFS: joint or separate indication with SSSG switching
· Alt 2-3:
· FFS: whether introduce SSS/SSSG specific skipping indication via e.g. bitmap, codepoint, joint indication with a minimum scheduling offset value
· FFS: whether the skipping duration is configured per SSSG, per BWP, or other approaches.
· FFS: PDCCH skipping indicated by non-scheduling DCI
· FFS: interaction with SSSG switching (when configured), e.g. impact to skipping when SSSG timer expires, which SSSG after PDCCH skipping is monitored, etc.

Agreement 
package 1 in above agreement is selected.

In this contribution, the detailed design of package 1 are discussed and proposals are made.
2. Discussion
2.1 PDCCH monitoring behaviour 
In last RAN1 meeting, maximum 2bits and several UE PDCCH monitoring adaptation behaviours are agreed, but some issues, such as, bit mapping of different UE PDCCH monitoring behaviours, timers/skipping duration configuration are FFS.
Issue 1: PDCCH monitoring behaviours design
There are two PDCCH monitoring behaviour working assumptions in last RAN1 meeting, i.e., Beh 1 and Beh 2B, from our point of view, we think both these two behaviours can be confirmed. 
Regarding Beh 1, if no SSSG is configured, the PDCCH indication of monitoring adaptation only contains PDCCH skipping function. In this case, Beh 1 should be included which the DCI can either indicates UE skipping PDCCH monitoring for a duration or not skipping.
Regarding Beh 2B, we think it is much usefull if the SSSG#2 is a dormant SSSG to provides a simple way to solve the HARQ retransmission monitoring issue. For example, assuming DCI indicating Beh 2B, if the condition, e.g., UE doesn’t feedback NACK is not stratified, UE doesn’t monitor any SS sets, otherwise, UE monitors SS sets associated to SSSG#2 to handle the HARQ retransmission.
Proposal 1. Confirm the working assumption of Beh 1 and Beh 2B.
· SSSG#2 can be a dormant SSSG which the SS sets associated to SSSG#2 are conditionally monitored (e.g., depending on HARQ NACK or RTT/ReTx timers).
Issue 2: bitmapping of PDCCH monitoring behaviours
After the confirmation of Beh 1 and Beh 2B, we further discuss how maximum 2 bits mapping to these PDCCH monitoring behaviours. We list the following potential configuration combinations as Table 1.
Table 1. Example of bit mapping to UE PDCCH monitoring behaviour
	Configuration index
	PDCCH monitoring behaviours
	RRC configuration contents
	Bit mapping in DCI

	1-1
	Beh 1/Beh 1A
	One skipping duration
	1 bit:
· Value ‘0’ indicates Beh 1
· Value ‘1’ indicates Beh 1A

	1-2
	Beh 1/Beh 1A
	More than one skipping durations
	2 bits:
· Value ‘0’ indicates Beh 1
· Value n indicates nth skipping durations in Beh 1A

	2-1
	Beh 2/Beh 2A
	SSSG#0, SSSG#1
	1 bit:
· Value ‘0’ indicates Beh 2
· Value ‘1’ indicates Beh 2A

	2-2
	Beh 2/Beh 2A/Beh 2B
	SSSG#0, SSSG#1, SSSG#2
	2 bits:
· Value n indicates UE monitors SS sets associated with SSSG#n

	3-1
	Beh 1/Beh 1A + Beh 2/Beh 2A
	One skipping duration + SSSG#0, SSSG#1
	2 bits:
· High bit indicates Beh 1/Beh 1A
· Low bit indicates Beh 2/Beh 2A


There are three categories in Table 1, which contains Beh 1 series only, Beh 2 series only and combination of Beh 1 and Beh 2. 
· No SSSG are configured in Beh 1 series only configuration (index 1-1 and 1-2), and more than on PDCCH skipping durations can be configured to give gNB more flexibility but not increase maximum bits in the DCI.
· For Beh 2 series only configuration (index 2-1 and 2-2), two or three SSSGs can be configured, and the SSSG#2 can be a normal SSSG similar to SSSG#0/SSSG#1 or a dormant SSSG. In this series, gNB will not configure the PDCCH skipping duration and DCI is used to indicates UE monitoring which SSSG.
· The third configuration category 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.
We think all the above fives cases can be configured by gNB with the restriction of using maximum 2bits to indicate the UE PDCCH monitoring behaviour and whether to support SSSG#2 can be up to UE’s capability.
Proposal 2. The flowing configuration combinations can be configured by gNB which using maximum 2bits to indicate the UE PDCCH monitoring behaviour.
· Configuration#1: One skipping duration, 1 bit used to indicate Beh 1 or Beh 1A.
· Configuration#2: More than one skipping durations, 2 bits used to indicate Beh 1 or a skipping duration of Beh 1A.
· Configuration#3: Two SSSGs, 1 bit used to indicate Beh 2 or Beh 2A.
· Configuration#4: Three SSSGs, 2 bits used to indicate one of Beh 2, Beh 2A and Beh 2B.
· Configuration#5: One skipping duration and two SSSGs, 1 bit used to indicate Beh 1 or Beh 1A and another 1 bit used to indicate Beh 2 or Beh 2A.
Issue 3: Configuration of timer and skipping duration
In the above section, we support the configuration#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 SSSGs.
We also support the third SSSG, especially in order to facilitate the dormant behaviour. Thus, it is much suitable to configure the timer per SSSG considering the SS sets periodicities are different in different SSSGs and giving gNB more flexibility. In addition, when the timers of dormant SSSG (SSSG#2) expires, UE should switch to the last non-dormant SSSG used before current dormant SSSG to go back normal PDCCH monitoring behaviour.
Proposal 3. The skipping duration(s) is configured per BWP.
Proposal 4. The timer(s) is configured per SSSG.
Proposal 5. UE should switch to the last non-dormant SSSG used before current dormant SSSG (SSSG#2) when the timer expires.
Issue 4: Indication of multiple cells case
The last issue is the indication of multiple cells case. Since the scheduling DCI is used to schedule data on a specific single cell, e.g., using CIF value and the traffic patterns are various on different cells, it is suitable to indicate the PDCCH monitoring behaviour per service cell using its own scheduling DCI.
Proposal 6. The scheduling DCI is used to only indicate the PDCCH monitoring behaviour of the same serving cell as the scheduled PDSCH/PUSCH.
2.2 Implicit SSSG switching 
[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 7. A default SSSG can be configured and applied for the following cases:
· SSSG switching triggered by SR
· SSSG switching triggered by RACH
2.3 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. Timer can be used combined with DCI format 2_0. 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 SSSG switching indication by repurposing more DCI field(s) to inform UE the monitored SSSG. The advantage of DCI format 1_1 is there is no 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 8. 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. Confirm the working assumption of Beh 1 and Beh 2B.
· SSSG#2 can be a dormant SSSG which the SS sets associated to SSSG#2 are conditionally monitored (e.g., depending on HARQ NACK or RTT/ReTx timers).
Proposal 2. The flowing configuration combinations can be configured by gNB which using maximum 2bits to indicate the UE PDCCH monitoring behaviour.
· Configuration#1: One skipping duration, 1 bit used to indicate Beh 1 or Beh 1A.
· Configuration#2: More than one skipping durations, 2 bits used to indicate Beh 1 or a skipping duration of Beh 1A.
· Configuration#3: Two SSSGs, 1 bit used to indicate Beh 2 or Beh 2A.
· Configuration#4: Three SSSGs, 2 bits used to indicate one of Beh 2, Beh 2A and Beh 2B.
· Configuration#5: One skipping duration and two SSSGs, 1 bit used to indicate Beh 1 or Beh 1A and another 1 bit used to indicate Beh 2 or Beh 2A.
Proposal 3. The skipping duration(s) is configured per BWP.
Proposal 4. The timer(s) is configured per SSSG.
Proposal 5. UE should switch to the last non-dormant SSSG used before current dormant SSSG (SSSG#2) when the timer expires.
Proposal 6. The scheduling DCI is used to only indicate the PDCCH monitoring behaviour of the same serving cell as the scheduled PDSCH/PUSCH.
Proposal 7. A default SSSG can be configured and applied for the following cases:
· SSSG switching triggered by SR
· SSSG switching triggered by RACH
Proposal 8. 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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