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Introduction
As the agreement of RAN1#106e [1], the Packet 1of UE behaviors triggered by self-scheduling DCIs was agreed for PDCCH monitoring adaptation in a single cell, which contains at least PDCCH skipping behavior and legacy Search Space Set Group (SSSG) switching behavior. And at most 2 bits indication would be used for PDCCH adaptation indication. However, there are still some detailed issues need to be further discussed in RAN1#106bis e-meeting.
	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: OLE_LINK10][bookmark: OLE_LINK12]       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, 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 applied to USS and type-3 CSS.
 
Agreement 
· Package 1 in above agreement is selected.



In this contribution, we discuss the detailed procedure of the PDCCH monitoring adaptation with  different SSSG configurations in Section 2. The considerations of switching between PDCCH skipping and any SSSG switching are provided in Section 3. The other DCI design is also considered in Section 4.
The procedure of the PDCCH monitoring adaptation
According to the agreements in RAN1#106 e-meeting, the UE behavior after receiving PDCCH indication of monitoring adaptation would at least include the PDCCH skipping behavior. Since the searchSpaceGroupIdList-r16 is an optional UE feature, the PDCCH skipping would be the UE behavior indicated to the UE independently when the SSSG is not configured. In this section, we provide the detailed procedure of the PDCCH monitoring adaptation with different SSSG configurations.
[bookmark: OLE_LINK15]The procedure of the PDCCH monitoring adaptation when the SSSG is not configured
When the SSSG is not configured, the PDCCH skipping is a straightforward UE behavior of skipping monitoring PDCCH in the indicated interval. When PDCCH skipping indication is included in the scheduling DCI formats 1_1, 1_2, 0_1, or 0_2, the UE behavior is not affected by PDSCH or PUSCH transmission and the associated HARQ operation the scheduling DCI.    
· UE is configured with PDCCH monitoring adaptation bit(s) in scheduling DCI. The number of bits configured for PDCCH skipping is 1 or 2 bits. Each code point of skipping bit(s) map to the interval in term of number of slots that UE skips PDCCH monitoring, e.g. 0, 1, 3, 7.
· The PDCCH monitoring bit(s) will always be included in the scheduling DCI. 
· UE will decode the DCI and retrieve the skipping bit(s) and determine the number of slots to skip PDCCH monitoring. It does not need to wait for any A/N feedback from UE.
· The PDCCH skipping is for UE to achieve power saving by skipping an interval of PDCCH monitoring without any application delay.
· gNB knows the interval in terms of number of slots that UE will skip monitoring PDCCH and will send any DCI at the next UE PDCCH monitoring occasion.   
· If UE miss-detects the DCI, UE will not skip any slot of the PDCCH monitoring. However, gNB would not send any DCI during the interval where gNB expects UE to skip PDCCH monitoring. There is no impact to the UE for not receiving the new indication of skipping interval with any DCI misdetection.  
· UE will continue the same interval of skipping PDCCH monitoring until UE receive a new DCI to indicate new interval of skipping PDCCH monitoring.  
· If only scheduling DCI is supported, gNB has to send a dummy grant in order to change the skipping interval to smaller value, such as 0 slot
· If non-scheduling DCI is supported, gNB could send the non-scheduling DCI with desired PDCCH skipping interval while there is no data in the buffer to schedule.

Proposal 1: PDCCH skipping indicated by scheduling DCI is not impacted by the PDSCH/PUSCH transmission and the associated HARQ processing when the bit value of PDCCH skipping interval indication changes.  

When the SSSG is not configured, 1 bit indication can be used to indicate the skipping interval of PDCCH monitoring. The mapping between the adaptation indication and UE behavior is shown in Table 1 and the detailed procedure of the PDCCH skipping is illustrated in Figure 1. In Figure 1, the PDCCH monitoring adaptation indication with values “0” and “N” carried in self-scheduling DCI would indicate UE to skip the indicated interval of PDCCH monitoring in a search space configuration, i.e. at each monitoring occasion (MO). When UE finished the data transmission, the UE could be indicated to transition PDCCH monitoring for a skipping duration N of the PDCCH monitoring with adaptation indication bit value “1”. The PDCCH skipping duration would be configured by RRC signal, e.g. 1 MO in Figure 1. Since the adaptation indication is carried in the scheduling DCI, the PDCCH skipping behavior would not stop until the new adaptation indication received. 
[bookmark: _Ref83319296]Table 1. The 1 bit indication for UE adaptation behaviors without SSSG configuration (Example 1)
	Adaptation indication in DCI
	UE behaviors

	0
	PDCCH skipping interval 0 

	1
	PDCCH skipping interval N





[bookmark: _Ref83387480][bookmark: OLE_LINK6][bookmark: OLE_LINK9]Figure 1. The procedure of the PDCCH skipping with 1 bit indication
In order to obtain the more flexibility in adaptation of the PDCCH monitoring to the variation of traffic arrival to achieve UE power saving gain, 2-bit adaptation indication can also be configured for PDCCH skipping indication with 4 code points of skipping intervals. For example, the detailed adaptation indications are listed in Table 2 and the detailed PDCCH skipping procedure are illustrated in Figure 2. For the 2 bits indication, the different skipping duration, up to 3 values, can be indicated by the adaptation indication such as the values “01”, “10” and “11”. When the new data arrives, the adaptation indication with the default value “00” to indicate UE monitor the PDCCH in a search space configuration. While the PDSCH/PUSCH transmission completed without any data in the buffer for scheduling, the scheduling DCI could have the 2-bit adaptation indication to indicate UE to skip the corresponding duration for dynamic adaptation to the expected arrival pattern of different traffic type with potential different inter-arrival time by different skipping steps. Compared to the 1 bit indication, the skipping duration can be changed dynamically via the DCI based indication but the RRC re-configuration. 
[bookmark: _Ref83397246]Table 2. The 2 bits indication for UE adaptation behaviors without SSSG configuration (Example 1)
	Adaptation indication in DCI
	UE behaviors

	00
	PDCCH skipping interval 0 MO

	01
	PDCCH skipping 1 MO

	10
	PDCCH skipping 3 MOs

	11
	PDCCH skipping 7 MOs





[bookmark: _Ref83397338]Figure 2. The procedure of the PDCCH skipping with 2 bits indication
1 or 2 bits could be both used for only PDCCH skipping indication with the different benefits. For 1 bit indication, the PDCCH skipping would be simpler to implement and be with less signalling overhead, but less flexibility. For 2 bits indication, the dynamic and flexible PDCCH skipping behaviours could be indicated to further adapt to different type of expected traffic inter-arrival time. Thus, when SSSG is not configured, the 1 or 2 bits indication should be both supported for PDCCH skipping indication and the bit size of the adaptation indication would be configured by RRC signalling.

Proposal 2: When SSSG is not configured, the 1 or 2 bits indication should be both supported for PDCCH skipping indication and the bit size of the adaptation indication would be configured by RRC signal.
The procedure of the PDCCH monitoring adaptation when the legacy SSSGs are configured
Since the SSSG switching procedure has been supported in Rel-16 NR-U, the legacy SSSG switching was agreed to be supported in licensed band and also triggered by scheduling DCI. As the specification in TS38.213, when a UE is provided searchSpaceGroupIdList, the UE resets PDCCH monitoring according to search space sets with group index 0, if provided by searchSpaceGroupIdList. In this case, only 1 bit indication would not be enough to indicate the PDCCH skipping and SSSG switching unless additional information to interpret this 1 bit indication. It would confuse UE how to perform the PDCCCH adaptation behaviour, triggering PDCCH skipping or SSSG switching. Thus, the 2 bits indication would be required for supporting PDCCH monitoring adaptation indication with both PDCCH skipping and SSSG(s). 
In order to describe the adaptation procedure, the first bit is used for indicating which PDCCH adaptation scheme is chosen, i.e. PDCCH skipping or SSSG switching between SSSG0 and SSSG1 and the second bit is used for detailed indication, and is shown in Table 3. 
When two SSSGs are configured, UE would monitor the search space sets with group index 0 as the default behaviour. The adaptation indication would be set “00” in the self-scheduling DCI after RRC reconfiguration to include PDCCH skipping and SSSG switching in the scheduling DCI. It is assumed that the search space in SSSG0 is set with the dense monitoring periodicity in order to receive the bursty traffic in time. When UE completes the data transmission, gNB can indicate UE to switch to SSSG1 with sparse monitoring periodicities via the adaptation indication with the value “01”. However, there is an application delay for UE to switch the SSSGs. gNB could not schedule any data transmission during the application delay. The other issue of SSSGs is whether K0, K1, K2 values in the scheduling DCI should take into application delay of SSSGs into consideration. UE would be indicated the interval of skipping PDCCH monitoring in the current search space set for a duration via the adaptation indication with the value “10” or “11”. When the new data arrives, UE could be indicated to monitor the PDCCH as the configured monitoring periodicity via adaptation indication with the values “10” to minimize the latency of data scheduling, respectively.
[bookmark: _Ref83404778]Table 3. The 2 bits indication for UE adaptation behaviors when SSSG is configured (Example 3)
	Adaptation indication in DCI
	UE behaviors

	00
	Monitoring the SS sets associated to SSSG#0 

	01
	[bookmark: OLE_LINK5][bookmark: OLE_LINK11]Monitoring the SS sets associated to SSSG#1

	10
	PDCCH skipping 0 MO 

	11
	 PDCCH skipping N MOs



According to the description above, the 2 bits indication would work well for UE to perform one of the PDCCH monitoring adaptation, i.e. PDCCH skipping or the SSSG switching between SSSG0 and SSSG1. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Furthermore, the PDCCH skipping and SSSG switching can obtain the efficient power saving gain for UE PDCCH monitoring adaptation. Thus, more than two SSSGs would not be necessary to be considered.

Proposal 3: The 2 bits indication would work well for UE to perform one of the PDCCH monitoring adaptation, i.e. PDCCH skipping or SSSG switching between SSSG0 and SSSG1, when the legacy SSSG(s) are configured.
The consideration for supporting more than two SSSGs
As the discussion in previous meetings, some companies proposed that the PDCCH skipping could be emulated by an additional SSSG, i.e. SSSG2, which the PDCCH monitoring occasion is not configured for the additional SSSG. However, if the third SSSG is supported for emulating the PDCCH skipping, there still are some non-neglected problems needed to be further discussed, which are as following: 
· [bookmark: OLE_LINK17][bookmark: OLE_LINK18]If the third SSSG is used for emulating the PDCCH skipping without the Search Space configured, it would not be supported by the existing specification structure in TS38.331, since the SSSG index is configured in each grouped Searchspace IE.
· In RAN1#106 E-meeting, it was agreed the PDCCH skipping and legacy SSSG switching had been agreed to be used for PDCCH monitoring adaptation, which can obtain the efficient power saving gain for UE. Thus, more than two SSSGs would not be necessary to be considered.
· Even though the third SSSG, i.e. SSSG2, is supported with a quite sparse monitoring periodicity, the procedure of this SSSG switching is provided in Figure 3. The drawbacks of SSSG switching would not be neglected. 
· The additional delay for SSSG switching would affect the power saving gain including the application delay, the delay for HARQ-ACK feedback and non-alignment for the monitoring offset in the search spaces with the different SSSG indexes. The application delay during the switching can reduce the efficiency of the PDCCH monitoring reduction and prevent network to frequent switching the SSSG for the adaptation of robust traffic arrival. Otherwise, the SSSG switching enhancement using the UE-specific indication, e.g. scheduling DCI, it depends on the HARQ-ACK to acknowledge the UE-specific search space switching. When the traffic arrival is robust and unpredictable, the PDCCH monitoring periods would be changed quite frequently. The application delay would be accumulated for each SSSG switching. This will increase UE power consumption. However, the PDCCH skipping does not need the additional delay for PDCCH monitoring adaptation, since the search space is not changed.
· The additional signaling overhead would be increased for SSSG switching. For SSSG switching, the PDCCH monitoring reduction depends on the RRC pre-configuration of the different search spaces in the SSSGs. If the parameters of the search spaces change, it needs RRC reconfiguration or more search space sets to achieve the desired power saving. Furthermore, in order to realize the flexible PDCCH adaptation, the SSSG switching would need large Search Space Set overhead. Besides the adaptation indication, there is not any additional signaling overhead for PDCCH skipping.
· For the miss-detection of adaptation indication, it would cause the catastrophe for data transmission. The UE-specific search space of the scheduling DCI with the search space switching trigger flag expects to receive HARQ-ACK. The HARQ-ACK to acknowledge the UE-specific search space switching is additional overhead of UL resource and additional power consumption by UE. If the HARQ-ACK sent by UE is miss-detected by gNB, the gNB would continue to indicate the PDCCH monitoring based on the current search space set, which is different to the UE assumption on PDCCH monitoring indicated by new search space after search space switching UE still consume power in PDCCH decoding and could not decode any subsequent scheduling DCI. Since the PDCCH skipping does not depend on the HARQ-ACK, even though the adaptation indication is miss-detected, the data transmission would not be performed.


[bookmark: _Ref83900233]Figure 3. The SSSG switching procedure with 3 SSSGs.
According to the analysis above, there are too many problems needed to be further discussed in supporting of SSSG#2 for PDCCH monitoring reduction. Thus, more than two SSSGs should not be supported for PDCCH monitoring adaptation.

Proposal 4: More than two SSSGs should not be supported for PDCCH monitoring adaptation.
Other DCI design for PDCCH monitoring adaptation
Although the scheduling DCI has been agreed to trigger the PDCCH monitoring adaptation during the DRX active time, the adaptation behavior indication would not be changed until the new data arrival. In order to have the flexible indication for UE adaptation monitoring, the non-scheduling DCI for indicating PDCCH adaption should be also supported. Take 2 bits adaptation indication as an example, the detailed adaptation indication procedure is provided in Figure 3. When there is no data transmission, UE can be indicated to skip more MOs or fallback the normal PDCCH monitoring via the adaptation indication in non-scheduling DCI.


[bookmark: _Ref83569000]Figure 3. The procedure of the PDCCH skipping with 2 bits indication in non-scheduling DCI

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For the non-scheduling DCI carried the adaptation indication, the extension of DCI format 1_1 is used without introducing additional information field, in which the existing information field, i.e. SCell dormancy indication bits in case 2, can be repurposed or joint encoding for mapping or grouping to indicate the PCell and/or SCell. For the case 2: SCell dormancy indication using non-scheduling DCI format 1_1, the scheduling related information fields in DCI format 1_1 without scheduling information can be used to indicate SCell dormancy, including modulation and coding scheme, new data indicator, redundancy version, HARQ process number, antenna port(s), DMRS sequence initialization etc. There are up to 19 bits used for SCell dormancy indication.  The 19 bits can be repurposed for joint indication including the PDCCH monitoring adaptation in PCell and/or SCell dormancy when SCell dormancy is configured. Taking 2 out of 19 bits information field in DCI format 1_1 as an example, the 2 bits can be reused for PDCCH skipping indication for PCell and the remaining 17 bits information field can also be used for SCell dormancy indication, which is the same as that in Table 3. 
The extension of non-scheduling DCI format design could reuse the existing DCI format 1_1 in Rel-16 and not increase the size of DCI format with additional function in extending the PDCCH monitoring adaptation in PCell to achieve more power saving gain without introducing additional information field. 
Proposal 5: The non-scheduling DCI should also be supported for PDCCH monitoring adaptation to dynamically indicate UE to reduce the PDCCH monitoring without any changes of Search Space configuration.
Conclusion
The proposals are summarized as follows:
Proposal 1: PDCCH skipping indicated by scheduling DCI is not impacted by the PDSCH/PUSCH transmission and the associated HARQ processing when the bit value of PDCCH skipping interval indication changes. 
[bookmark: _GoBack]Proposal 2: When SSSG is not configured, the 1 or 2 bits indication should be both supported for PDCCH skipping indication and the bit size of the adaptation indication would be configured by RRC signal.
Proposal 3: The 2 bits indication would work well for UE to perform one of the PDCCH monitoring adaptation, i.e. PDCCH skipping or SSSG switching between SSSG0 and SSSG1, when the legacy SSSG(s) are configured.
Proposal 4: More than two SSSGs should not be supported for PDCCH monitoring adaptation.
Proposal 5: The non-scheduling DCI should also be supported for PDCCH monitoring adaptation to dynamically indicate UE to reduce the PDCCH monitoring without any changes of Search Space configuration.
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