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Introduction
As the agreement of RAN1#106-e [1], Packet 1of UE behaviors triggered by self-scheduling DCIs had been 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. At most 2 bits indication would be used for PDCCH adaptation indication. The bit mapping of DCI indicating PDCCH monitoring adaptation, such as PDCCH skipping or SSSG switching, had been agreed in RAN1#106bis e-meeting.  There are still some remaining issues to be further discussed in RAN1#107 e-meeting.
	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]
· 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.
      [image: image002(10-21-17-33-12)] for SCS configuration [image: image003(10-21-17-33-12)], FFS X = 25 or 39
      FFS: [image: image004(10-21-17-33-12)]
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. 
o   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, we emphatically discuss the detailed procedure of the PDCCH monitoring adaptation indication for the PDCCH skipping and the SSSG switching in Section 2. The configurations of the PDCCH skipping duration are provided in Section 3. The application delays for the two monitoring adaptation schemes are analyzed in Section 4. The other DCI design is also considered in Section 5.
The procedure of the PDCCH monitoring adaptation
In RAN1#106bis-e meeting, the UE behavior after receiving PDCCH indication of monitoring adaptation including the PDCCH skipping or SSSG switching had been agreed. When the SSSGs are configured, the bitmap of the PDCCH monitoring adaptation indication for joint indication of SSSG switching and PDCCH skipping behaviors would be further discussed in RAN1#107e meeting. In this section, we provide the detailed procedure of the PDCCH monitoring adaptation under the different SSSG configurations.
[bookmark: _Ref86937297][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 for the indicated duration. 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.    
· [bookmark: OLE_LINK5][bookmark: OLE_LINK10]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 skipping duration in term of number of monitoring periodicities that UE skips PDCCH monitoring, e.g. 1, 2, 4, 8.
· 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 monitoring periodicities 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 monitoring periodicities 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 duration indication changes.  

When the SSSG is not configured, it was agreed in RAN1#106b-e that case 1 of 1 bit indication can be used to indicate the skipping duration 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 value “0” carried in self-scheduling DCI would indicate UE not to skip the 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. 2 MOs 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 is received. 
[bookmark: _Ref83319296]Table 1. The 1 bit indication for UE adaptation behaviors without SSSG configuration
	Adaptation indication in DCI
	UE behaviors

	0
	No PDCCH skipping 

	1
	PDCCH skipping for a duration 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, case 1 with 2-bit adaptation indication can also be configured for PDCCH skipping indication with up to 3 code points of skipping durations with an example of the detailed adaptation indications listed in Table 2 and the detailed PDCCH skipping procedure illustrated in Figure 2. For the 2-bit 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
	Adaptation indication in DCI
	UE behaviors

	00
	No PDCCH skipping

	01
	PDCCH skipping for duration 1

	10
	PDCCH skipping for duration 2

	11
	PDCCH skipping for duration 3





[bookmark: _Ref83397338]Figure 2. The procedure of the PDCCH skipping with 2 bits indication
The additional 1 or 2 bits in the scheduling DCI could be both used for 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-bit 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-bit indication for PDCCH skipping indication could be chosen based on the traffic requirement and the bit size of the adaptation indication could be implicitly indicated by the configured skipping durations in RRC signalling.

[bookmark: _Ref86691661]The procedure of the PDCCH monitoring adaptation when the legacy SSSGs are configured
It was agreed in RAN1#106bis-e meeting that case 2 with two SSSGs configured by the higher layer signaling with 1-bit indication of the PDCCH monitoring adaptation indication in the scheduling DCI would be used for indicating the Search Space (SS) set associated with the one SSSG, either SSSG#0 or SSSG#1. It was FFS for case 4 when the SSSG switching and PDCCH skipping are both configured with 2-bit indication. In order to avoid the miss-alignment between gNB and UE, it would clarify that the PDCCH skipping is not performed for SSSG#0 or SSSG#1 when the UE behavior is indicated as the Beh.2 or Beh.2A. Furthermore, the PDCCH skipping is only applied in the given search space corresponding to the scheduling DCI with the PDCCH monitoring adaptation indication at the time when UE received the 2-bit indication. The detailed bit mapping of the adaptation indication for the two SSSGs and PDCCH skipping is provided in Table 3. In order for flexible indication, two skipping durations can be chosen for the PDCCH skipping, which are configured by RRC signaling. The detailed procedure for this bit mapping is provided as following.
[bookmark: _Ref86336076][bookmark: _Ref86745054]Table 3. The 2-bit indication for UE adaptation behaviors when SSSG is configured
	Adaptation indication in DCI
	UE behaviors

	00
	Beh 2 without PDCCH skipping

	01
	Beh 2A without PDCCH skipping

	10
	Beh 1A duration 1

	11
	 Beh 1A duration 2



Similar to that in  the Rel-16 specification, when two SSSGs are configured, UE would first monitor PDCCH according to the SS sets associated with the default group index, e.g. SSSG#0. The adaptation indication “00” in the scheduling DCI#1 is used as the default indication, whose SS set is associated with SSSG#0. The indications “01”, “10” and “11” can be used to denote the behaviours “switching to SSSG#1 and not skipping”, “skipping duration 1 at the given  SS” and skipping duration 2 at the given SS”, respectively. If UE receives the adaptation indication with the value “10” or “11” when the packet transmission is finished, UE would only skip the PDCCH monitoring at the given SS corresponding to the scheduling DCI#1 for the duration 1 or duration 2. When UE receives the adaptation indication in the scheduling DCI#1 with the value “01”, UE starts monitoring PDCCH  according to the SS set with group index 1, i.e. SSSG#1, without any PDCCH skipping. At this moment, the next scheduling DCI#2 would be used to indicate the subsequent PDCCH monitoring adaptation without any affiliation with previous indication from DCI#1. If the PDCCH monitoring adaptation indication with the value “10” or “11” is received, the PDCCH skipping is only applied in the given SS set associated with the scheduling DCI#2 for duration 1 or duration 2, respectively. Even if the SS set associated with the scheduling DCI is configured with two group indexes, UE would monitor this SS set all the time and only perform the PDCCH skipping for this SS set whatever the SSSG indicated.  If the PDCCH monitoring adaptation with value “01” is received from DCI#2, UE would continue to use the SS set in the SSSG#1 without any PDCCH skipping.  
Proposal 2: For the Beh.2 and Beh.2A, it would clarify that the PDCCH skipping is not performed when UE is indicated to monitor PDCCH according to the configured SS sets with the group index 0 or 1, i.e. SSSG#0 or SSSG#1.
Proposal 3: The PDCCH skipping is a specific behavior associated with a given Search Space set.
Proposal 4: The 2 bits adaptation indication could be used for indicating the two SSSGs and the PDCCH skipping for the different skipping durations as shown in Table 3.

[bookmark: _Ref86691671]The procedure of the PDCCH monitoring adaptation when the three SSSGs are configured
In RAN1#106bis-e, case 3 was agreed to support SSSG switching of 3 SSSGs with the third SSSG, i.e. SSSG#2, included up to 2 bits in the scheduling DCI to indicate the monitoring adaptation behaviors. The PDCCH skipping is not performed during SSSG switching among SSSG#0, SSSG#1 or SSSG#2 when the UE behavior is indicated as the Beh.2, Beh.2A or Beh.2B. For the case 3 agreed in RAN1#106bis-e, the 2 bits included in the scheduling DCI could also be used to indicate the SSSG switching behaviors among three SSSGs with code point “11” being reserved. Case 5 with SSSG switching among 3 SSSGs and PDCCH skipping was FFS. When the PDCCH skipping is configured together with SSSG switching of 3 SSSGs, each code point of the 2-bit indication would be perform individually. The bit mapping for the 2 bits adaptation indication is listed in Table 4 and the detailed procedure of the PDCCH monitoring adaptation is also provided in the following.
[bookmark: _Ref86427468][bookmark: _Ref86745091]Table 4. The 2-bit indication for UE adaptation behaviors when three SSSG is configured 
	Adaptation indication in DCI
	UE behaviors

	[bookmark: _Hlk86429309]00
	Beh 2 without PDCCH skipping 

	01
	Beh 2A without PDCCH skipping 

	10
	Beh 2B without PDCCH skipping

	11
	Beh 1A of duration 1 in the given SSSG



[bookmark: _GoBack]The adaptation indication with the values “00”, “01” and “10” in the scheduling DCI are used to indicate the SSSG#0, SSSG#1 and SSSG#2, i.e. Beh.2, Beh.2A and Beh. 2B, respectively. If the UE receives the adaptation indication with any one of these three values, UE would monitor the PDCCH according to the SS with the corresponding group index without any skipping of the PDCCH monitoring. Once UE receives the adaptation indication with the value “11”, UE would perform the PDCCH skipping for a configured duration at the given SS set associated with the scheduling DCI. When new data traffic arrives the UE would be indicated to the desired SS set in the given SSSG, such as SSSG#0, 1, or 2, without any skipping of the PDCCH monitoring by the adaptation indication with the value other than “11”. 
The only one code point “11” for PDCCH skipping with the duration 1 at the given Search Space would allow the UE to stay with current SSSG and to skip the duration of PDCCH monitoring in achieving UE power saving without any application delay of SSSG switching.  

Proposal 5: For the Beh.2, Beh.2A and Beh.2B, it would clarify that the PDCCH skipping is not performed when UE is indicated to monitor PDCCH according to the configured SS sets with the group index 0, 1 or 2, i.e. SSSG#0, SSSG#1 or SSSG#2.
Proposal 6: The 2 bits adaptation indication could be used for indicating the three SSSGs and the PDCCH skipping as Table 4 and the timer behavior is not necessary when Beh.1A-PDCCH skipping is indicated.
The configuration for skipping duration
Since UE might be configured to different type of services with different delay requirements, such as URLLC and eMBB, in a BWP, it would require different skipping intervals in an active BWP. The PDCCH skipping duration X could be different based on different service with PDCCH monitoring indicated by different search spaces (e.g., URLLC and eMBB). If skipping duration is configured per BWP as shown in Figure 3, UE could be indicated with one duration of skipping PDCCH monitoring based on one type of service, such as eMBB. For URLLC traffic with mini-slot scheduling by different search space, UE would be scheduled with the skipping duration configured for slot-based scheduling for eMBB traffic. The PDCCH skipping duration configured for one service indicated by one Search Space set might not work for the other service indicated by the other Search Space Set. In this case, we cannot configure the different skipping durations for slot-based scheduling for eMBB service and mini-slot based scheduling for URLLC service with two different Search Space Sets within one BWP. Even if in eMBB service, the delay sensitive service might have different skipping duration to that of delay insensitive service. Thus, the PDCCH skipping duration would not be configured per BWP.


[bookmark: _Ref86689648]Figure 3. The skipping duration is configured per BWP
Furthermore, similar to the issue of the configuration of PDCCH skipping duration per BWP, the skipping duration configured per SSSG would increase the misalignment for the PDCCH monitoring at the different search spaces in one SSSG as shown in Figure 4. In Figure 4, the monitoring periodicity of PDCCH1 in Type-3 CSS is 3 slots and that of PDCCH2 in USS is 1 slot. The Type3-CSS and USS are associated with the same SSSG index, i.e, SSSG#0. When the UE is indicated PDCCH skipping for 3 slots by PDCCH2, the PDCCH2 monitoring occasion would not be indicated to the desired slot due to the misalignment of PDCCH1 and PDCCH2 monitoring occasions. Furthermore, if the PDCCH skipping duration is configured per SSSG, it would have ambiguous behaviors when the SSSG switching and PDCCH skipping are configured in the same time when application delay applies to SSSG switching.  
[image: ]
[bookmark: _Ref86690490]Figure 4. The skipping duration is configured per SSSG

According to the analysis above, the skipping duration should be configured per Search Space. UE would skip PDCCH monitoring at the given Search Space corresponding to the scheduling DCI. The detailed procedure is provided in Figure 5. The joint adaptation behaviors for the SSSG switching and PDCCH skipping have been described in Section 2.2 and 2.3. If the skipping duration is configured per Search Space, the skipping durations indicated by the given search space for different services, e.g. eMBB and URLLC, or the delay sensitive service and normal service, can be configured with different values.


[bookmark: _Ref86691569]Figure 5. The skipping duration is configured per Search Space

Proposal 7: For the Beh 1A-PDCCH skipping, the skipping duration X is configured per Search Space.

[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Base on the configuration of skipping duration per Search Space, the detailed definition and specification of the skipping duration are provided as following. The skipping duration would be defined as the 2K times of the monitoring periodicity, such as 1, 2, 4 etc., which means that UE skips the 2K -1 monitoring periodicities. Based on this configuration, even if the scheduling DCI is miss-detected, UE could also receive the DCI at the times of the monitoring periodicity. 
Proposal 8: The skipping duration X  would be defined as skipping the 2K times of the monitoring periodicity, such as 1, 2, 4 etc. times of the monitoring periodicity, which means that UE skips the subsequent 2K -1 monitoring periodicities.

Otherwise, considering the different services, such as URLLC and eMBB, the different scheduling DCI would be used, i.e. DCI format x_1 used for mini-slot scheduling and DCI format x_2 used for slot scheduling. The skipping durations can be configured separately with the different values at their corresponding search spaces. For example, assuming that the DCI format x_1 and DCI format x_2 are configured at Search Space#1 and Search Space#2, the skipping durations for these two Search Spaces are configured as 4 and 2, respectively. The service specified PDCCH skipping would be performed based on the different skipping duration configuration. Thus, 
Proposal 9: The skipping duration configuration could be different for DCI format x_1 and DCI format x_2 based on its configuration per Search Space.
Furthermore, the parameter configuration of the skipping duration PDCCHMonitoringSkippingDuration in the ASN.1 in TS38.311 is also provided as following, in which maxNrofPDCCHMonitoringDurations is the maximum number of the skipping durations, i.e. M = 3 for 2 bits adaptation indication.  multiple skipping durations are supported for each Search Space ID. 
SearchSpace information element
-- ASN1START
-- TAG-SEARCHSPACE-START

SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
    controlResourceSetId                    ControlResourceSetId                                        OPTIONAL,   -- Cond SetupOnly
    monitoringSlotPeriodicityAndOffset      CHOICE {
        sl1                                     NULL,
        sl2                                     INTEGER (0..1),
        sl4                                     INTEGER (0..3),
        sl5                                     INTEGER (0..4),
        sl8                                     INTEGER (0..7),
        sl10                                    INTEGER (0..9),
        sl16                                    INTEGER (0..15),
        sl20                                    INTEGER (0..19),
        sl40                                    INTEGER (0..39),
        sl80                                    INTEGER (0..79),
        sl160                                   INTEGER (0..159),
        sl320                                   INTEGER (0..319),
        sl640                                   INTEGER (0..639),
        sl1280                                  INTEGER (0..1279),
        sl2560                                  INTEGER (0..2559)
    }                                                                                                   OPTIONAL,   -- Cond Setup
    duration                                INTEGER (2..2559)                                           OPTIONAL,   -- Need R
    monitoringSymbolsWithinSlot             BIT STRING (SIZE (14))                                      OPTIONAL,   -- Cond Setup
... ...

SearchSpaceExt-r17 ::=                   	SEQUENCE {
	PDCCHMonitoringSkippingDurationList		SEQUENCE (SIZE (1..maxNrofPDCCHMonitoringDurations)) OF PDCCHMonitoringSkippingDuration
	}
	PDCCHMonitoringSkippingDuration			INTEGER (0..X),

}

-- TAG-SEARCHSPACE-STOP
-- ASN1STOP

Proposal 10: The parameter configuration of the skipping duration in the RRC signalling in TS38.311 is also provided as follows:
SearchSpace information element
-- ASN1START
-- TAG-SEARCHSPACE-START

SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
    controlResourceSetId                    ControlResourceSetId                                        OPTIONAL,   -- Cond SetupOnly
    monitoringSlotPeriodicityAndOffset      CHOICE {
        sl1                                     NULL,
        sl2                                     INTEGER (0..1),
        sl4                                     INTEGER (0..3),
        sl5                                     INTEGER (0..4),
        sl8                                     INTEGER (0..7),
        sl10                                    INTEGER (0..9),
        sl16                                    INTEGER (0..15),
        sl20                                    INTEGER (0..19),
        sl40                                    INTEGER (0..39),
        sl80                                    INTEGER (0..79),
        sl160                                   INTEGER (0..159),
        sl320                                   INTEGER (0..319),
        sl640                                   INTEGER (0..639),
        sl1280                                  INTEGER (0..1279),
        sl2560                                  INTEGER (0..2559)
    }                                                                                                   OPTIONAL,   -- Cond Setup
    duration                                INTEGER (2..2559)                                           OPTIONAL,   -- Need R
    monitoringSymbolsWithinSlot             BIT STRING (SIZE (14))                                      OPTIONAL,   -- Cond Setup
... ...

SearchSpaceExt-r17 ::=                   SEQUENCE {
	StopPDCCHMonitoringDurationList-r17-perSearchSpace		SEQUENCE (SIZE (1..maxNrofPDCCHMonitoringDurations)) OF StopPDCCHMonitoringDuration-r17
	}
	StopPDCCHMonitoringDuration-r17 ::=                   SEQUENCE {
		StopPDCCHMonitoringDuration-r17-perSearchSpace		INTEGER (0..X),
	}

}

-- TAG-SEARCHSPACE-STOP
-- ASN1STOP

The application delay for PDCCH monitoring adaptation
The application delay for the PDCCH skipping and the SSSG switching had been discussed in RAN1#106bis e-meeting. Since the procedures of these two schemes are different, the application delay for these two types of behaviors would be considered separately. In this section, the application delay for the PDCCH skipping and the SSSG switching are discussed in subsection 4.1 and 4.2, respectively.
The application delay for PDCCH skipping
According to the procedure of the PDCCH skipping in Section 2, PDCCH skipping does not need to wait for any confirmation of A/N feedback from UE. The PDCCH skipping would not be effected by HARQ-ACK transmission. When UE receives the PDCCH monitoring adaptation indication in the scheduling DCI, UE would skip the indicated duration of slots in the subsequent PDCCH monitoring periodicities without any application delay. The application delay should be “ZERO” for PDCCH skipping. PDCCH monitoring skipping would be applied after UE receive the additional PDCCH monitoring adaptation control signalling bit(s) in DCI if it have different duration than the current skipping duration. The reference point for applying the PDCCH skipping is defined as that the PDCCH monitoring indication applies at the first symbol of the first slot after the last symbol of the received PDCCH with the adaptation indication.

Proposal 11: The application delay for PDCCH skipping should be Option f, which application delay is “ZERO” for PDCCH skipping. PDCCH skipping would be applied at the first symbol after the last symbol of the received PDCCH with the adaptation indication.
The application delay for SSSG switching
For the SSSG switching, there are two triggering mechanisms including the scheduling DCI based indication and timer can be triggered by the adaptation indication in the scheduling DCI and timer mechanism. Even though the procedures of these two mechanisms are quite different, the application delays for these two triggering mechanisms would consider both legacy switching delay and HARQ transmission.
For timer triggered SSSG switching, when the timer is expired, UE would start monitoring PDCCH for the serving cell according to search space sets with the indicated group index, and stops monitoring PDCCH according to search space sets with current group index. If the timer is configured in the SSSG with the sparse monitoring periodicity, there is nearly no data arrival before the time expiration. The legacy switching delay  would be reused. The SSSG switching is performed for the serving cell at the beginning of the first slot that is at least  symbols after a slot where the timer expires. Otherwise, if the timer is configured in the SSSG with the dense monitoring periodicity, in order not to affect the retransmission, the SSSG switching would be performed after the HARQ-ACK. 
For DCI based SSSG switching enhancement, which is different from the legacy SSSG switching, the adaptation indication in the UE-specific scheduling DCI is used for the SSSG switching triggering. If the adaptation indication in scheduling DCI is miss-detected, it would cause the catastrophe for data transmission. Generally, the SSSG switching for PDCCH adaptation would be performed after the HARQ-ACK feedback in order to avoid this miss-detection of adaptation indication. Thus, the additional delay for SSSG switching would be performed after the HARQ-ACK. The PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding). The PDCCH adaptation would be performed after the slot of HACK-ACK of the last retransmission is sent from the UE. The reference point for the application delay for the DCI based SSSG switching is defined as that the PDCCH monitoring indication applies at the first symbol after the slot of HACK-ACK of the last retransmission is sent from the UE.
Therefore, the application delay for SSSG switching indicated by DCI and timer expiration would be the different. The detailed values of the application delay for the SSSG switching are listed as following:
· For the timer based SSSG switching, the legacy delay would be reused or the application delay would be Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding). The PDCCH adaptation would be performed after the slot of HACK-ACK of the last retransmission is sent from the UE.
· For the DCI based SSSG switching, the application delay would be Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding). The PDCCH adaptation would be performed after the slot of HACK-ACK of the last retransmission is sent from the UE.

Proposal 12: The application delay for SSSG switching indicated by DCI and timer expiration would be the different.
Proposal 13: The application delay for timer based SSSG switching would be the legacy delay  or the Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding). The PDCCH adaptation would be performed at the beginning of the first slot that is at least  symbols after a slot where the timer expires or after the slot of HACK-ACK of the last retransmission is sent from the UE.
Proposal 14: The application delay for DCI based SSSG switching would be Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding). The PDCCH adaptation would be performed after the slot of HACK-ACK of the last retransmission is sent from the UE.
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 Section 2.1. 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.


Figure 6. 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 2. 
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. 
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 15: 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. 
Proposal 2: For the Beh.2 and Beh.2A, it would clarify that the PDCCH skipping is not performed when UE is indicated to monitor PDCCH according to the configured SS sets with the group index 0 or 1, i.e. SSSG#0 or SSSG#1.
Proposal 3: The PDCCH skipping is a specific behavior associated with a given Search Space set.
Proposal 4: The 2 bits adaptation indication could be used for indicating the two SSSGs and the PDCCH skipping for the different skipping durations as shown in Table 3.
Table 3. The 2-bit indication for UE adaptation behaviors when SSSG is configured
	Adaptation indication in DCI
	UE behaviors

	00
	Beh 2 without PDCCH skipping

	01
	Beh 2A without PDCCH skipping

	10
	Beh 1A duration 1

	11
	Beh 1A duration 2


Proposal 5: For the Beh.2, Beh.2A and Beh.2B, it would clarify that the PDCCH skipping is not performed when UE is indicated to monitor PDCCH according to the configured SS sets with the group index 0, 1 or 2, i.e. SSSG#0, SSSG#1 or SSSG#2.
Proposal 6: The 2 bits adaptation indication could be used for indicating the three SSSGs and the PDCCH skipping as Table 4 and the timer behavior is not necessary when Beh.1A-PDCCH skipping is indicated.
Table 4. The 2-bit indication for UE adaptation behaviors when three SSSG is configured 
	Adaptation indication in DCI
	UE behaviors

	00
	Beh 2 without PDCCH skipping 

	01
	Beh 2A without PDCCH skipping 

	10
	Beh 2B without PDCCH skipping

	11
	Beh 1A of duration 1 in the given SSSG



Proposal 7: For the Beh 1A-PDCCH skipping, the skipping duration X is configured per Search Space.
Proposal 8: The skipping duration X  would be defined as skipping the 2K times of the monitoring periodicity, such as 1, 2, 4 etc. times of the monitoring periodicity, which means that UE skips the subsequent 2K -1 monitoring periodicities.
Proposal 9: The skipping duration configuration could be different for DCI format x_1 and DCI format x_2 based on its configuration per Search Space.
Proposal 10: The parameter configuration of the skipping duration in the RRC signalling in TS38.311 is also provided as following:
SearchSpace information element
-- ASN1START
-- TAG-SEARCHSPACE-START

SearchSpace ::=                         SEQUENCE {
    searchSpaceId                           SearchSpaceId,
    controlResourceSetId                    ControlResourceSetId                                        OPTIONAL,   -- Cond SetupOnly
    monitoringSlotPeriodicityAndOffset      CHOICE {
        sl1                                     NULL,
        sl2                                     INTEGER (0..1),
        sl4                                     INTEGER (0..3),
        sl5                                     INTEGER (0..4),
        sl8                                     INTEGER (0..7),
        sl10                                    INTEGER (0..9),
        sl16                                    INTEGER (0..15),
        sl20                                    INTEGER (0..19),
        sl40                                    INTEGER (0..39),
        sl80                                    INTEGER (0..79),
        sl160                                   INTEGER (0..159),
        sl320                                   INTEGER (0..319),
        sl640                                   INTEGER (0..639),
        sl1280                                  INTEGER (0..1279),
        sl2560                                  INTEGER (0..2559)
    }                                                                                                   OPTIONAL,   -- Cond Setup
    duration                                INTEGER (2..2559)                                           OPTIONAL,   -- Need R
    monitoringSymbolsWithinSlot             BIT STRING (SIZE (14))                                      OPTIONAL,   -- Cond Setup
... ...

SearchSpaceExt-r17 ::=                   SEQUENCE {
	StopPDCCHMonitoringDurationList-r17-perSearchSpace		SEQUENCE (SIZE (1..maxNrofPDCCHMonitoringDurations)) OF StopPDCCHMonitoringDuration-r17
	}
	StopPDCCHMonitoringDuration-r17 ::=                   SEQUENCE {
		StopPDCCHMonitoringDuration-r17-perSearchSpace		INTEGER (0..X),
	}

}

-- TAG-SEARCHSPACE-STOP
-- ASN1STOP

Proposal 11: The application delay for PDCCH skipping should be Option f, which application delay is “ZERO” for PDCCH skipping. PDCCH skipping would be applied at the first symbol after the last symbol of the received PDCCH with the adaptation indication.
Proposal 12: The application delay for SSSG switching indicated by DCI and timer expiration would be the different.
Proposal 13: The application delay for timer based SSSG switching would be the legacy delay  or the Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding). The PDCCH adaptation would be performed at the beginning of the first slot that is at least  symbols after a slot where the timer expires or after the slot of HACK-ACK of the last retransmission is sent from the UE.
Proposal 14: The application delay for DCI based SSSG switching would be Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding). The PDCCH adaptation would be performed after the slot of HACK-ACK of the last retransmission is sent from the UE.
Proposal 15: 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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