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1 Introduction

In RAN1 #107-e meeting, the agreements on PDCCH monitoring adaptation for power saving are [1]:
Agreement

The following agreement in RAN1#106-E is updated as follows,

Agreement(extracted from RAN1#106-e)

· 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
· A new indication field in scheduling DCI is used for indicating PDCCH monitoring adaptation

Agreement

Confirm the working assumptions with the following updates (extract from RAN1#106-bis agreements)

· The value of the timer in slots for monitoring PDCCH in the active DL BWP of the serving cell before moving to the default search space group is 

· {1,2,3,…,20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,

· {1,2,3,…,40, 60, 80, 100, 100,160,200} for 30 kHz SCS,

· {1,2,3,…,80, 120, 160, 200, 240, 320,400} for 60kHz SCS,

· {1,2,3,…,160, 240, 320,400, 480, 640,800} for 120kHz SCS

Agreement

· For Case 4 (i.e., 2 SSSG switching with PDCCH skipping) , one of the following is supported
· Alt a: 2-bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors

· If M = 1, then 

· ‘00’ is Beh 2 

· ‘01’ is Beh 2A 

· ‘10’ is Beh 1A (stay in current SSSG)
· [‘11’ is reserved]
· If M = 2, then 

· ‘00’ is Beh 2

· ‘01’ is Beh 2A 

· ‘10’ is Beh 1A for duration T1 (stay in current SSSG)
· ‘11’ is Beh 1A for duration T2 (stay in current SSSG)
· Note: for  ‘00’ and ‘01’, UE performs Beh 1(i.e., does not perform PDCCH skipping )
· Note: By a single DCI indication, a UE is not expected to simultaneously perform two behaviors of SSSG switching and PDCCH skipping.
· FFS SSSG switching timer behavior, and timer value related to the value of T1/T2 
Decision: As per email decision posted on Nov 20th,

Agreement

If a UE is provided with a timer value by searchSpaceSwitchTimer-r17 for PDCCH monitoring on a serving cell and the timer is running, the UE
· resets the timer after a slot of the active DL BWP of the serving cell when the UE detects a DCI format in a PDCCH reception in the slot
· Alt 2a: for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2
· Alt 2b: for the Type3-PDCCH CSS set or the USS set
· Alt 2c: with CRC scrambled by C-RNTI/CS-RNTI/MCS-C-RNTI
· otherwise, decrease the timer value by one after each slot.
· FFS: When the timer expires in a slot

Agreement

· For value X in Beh 1A, candidate skipping values are
· Up to [100ms] length is supported,
· The X is configured and indicated in the unit of slot.
· Working assumption for candidate values for X
· {1,2,3,…,20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,

· {1,2,3,…,40, 60, 80, 100, 120,160,200} for 30 kHz SCS,

· {1,2,3,…,80, 120, 160, 200, 240, 320,400} for 60kHz SCS,

· {1,2,3,…,160, 240, 320,400, 480, 640,800} for 120kHz SCS

· FFS: Equal to or longer than the applicable minimum scheduling offset
· FFS: additional symbol level / PDCCH monitoring period level skipping duration
2 Discussion
2.1 PDCCH monitoring adaptation when BWP switching 
It is already agreed that a new indication field in scheduling DCI is used for indicating PDCCH monitoring adaptation. For the cases PDCCH monitoring adaptation mixed with BWP switching, UE’s behavior on PDCCH monitoring adaptation should be defined.
Case 1: a scheduling DCI indicating PDCCH monitoring adaptation and also BWP switching. 

Case 2: BWP switching is indicated after PDCCH monitoring adaptation indication, but before the expiration of PDCCH skipping timer or SSSG switching timer.
For Case 1, since PDCCH monitoring adaptation and also BWP switching are indicated in the same DCI, it can be expect that the PDCCH monitoring adaptation is intentionally indicated for the new BWP, so the PDCCH monitoring adaptation can be applied for the new BWP.
For Case 2, the SSSG/PDCCH skipping configuration may be different between the new and original BWP, when UE switches to a new BWP, it is more reasonable to clear the PDCCH monitoring adaptation indication and all the related running timer associated to the original BWP, and go back to a default  PDCCH monitoring behavior. If SSSGs are not configured in the new BWP, the default PDCCH monitoring behavior is to monitor the configured search spaces in the new BWP. If SSSGs are configured in the new BWP, the default PDCCH monitoring behavior is to monitor the default SSSG, for example SSSG 0.
Proposal 1: For Case 1, the PDCCH monitoring adaptation can be applied for the new BWP. For Case 2, clear the PDCCH monitoring adaptation indication and all the related running timer associated to the original BWP and go back to a default PDCCH monitoring behaviour in the new BWP.
And related TP text can be as follows:

TP#1 for TS 38.213 Clause 10.4
============================= Unchanged part omitted =========================================
10.4
Search space set group switching and skipping of PDCCH monitoring
A UE can be provided a group index for a respective Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList for PDCCH monitoring on a serving cell. If the UE is not provided searchSpaceGroupIdList for a search space set, the following procedures are not applicable for PDCCH monitoring according to the search space set.

*<omitted text>*

A UE determines a slot and a symbol in the slot to start or stop PDCCH monitoring according to search space sets for a serving cell that the UE is provided searchSpaceGroupIdList or, if cellGroupsForSwitchList is provided, for a set of serving cells, based on the smallest SCS configuration [image: image2.png]


 among all configured DL BWPs in the serving cell or in the set of serving cells and, if any, in the serving cell where the UE receives a PDCCH and detects a corresponding DCI format 2_0 triggering the start or stop of PDCCH monitoring according to search space sets.
A UE can be provided a set of durations by PDCCHSkippingDurationList for PDCCH monitoring on a serving cell and, if the UE is not provided searchSpaceGroupIdList-r17, a DCI format 0_1, and/or DCI format 1_1, and/or DCI format 0_2, and/or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception can include a PDCCH monitoring adaptation field of 1 bit or of 2 bits. 

If the field has 1 bit and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell

-
a '0' value for the bit indicates no skipping in PDCCH monitoring
-
a '1' value for the bit indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations
If the field has 2 bits and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on a serving cell
-
a '00' value for the bits indicates no skipping in PDCCH monitoring 
-
a '01' value for the bits indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations
-
a '10' value for the bits indicates skipping PDCCH monitoring for a duration provided by the second value in the set of durations
-
a '11' value for the bits indicates skipping PDCCH monitoring for a duration provided by the third value in the set of durations, if any; otherwise, if the set of durations includes two values, a use of the ‘11’ value is reserved
A UE can be provided group indexes for a Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList-r17 for PDCCH monitoring on a serving cell and, if the UE is not provided PDCCHSkippingDurationList, DCI format 0_1, or DCI format 1_1, or DCI format 0_2, or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception can include a PDCCH monitoring adaptation field of 1 bit or of 2 bits. 

If the field has 1 bit and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell

-
a '0' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with other group indexes, if any
-
a '1' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with other group indexes, if any
If the field has 2 bits and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-
a '00' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with other group indexes, if any
-
a '01' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with other group indexes, if any
-
a '10' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 2 and stop of PDCCH monitoring according to search space sets with other group indexes, if any
If PDCCH monitoring adaptation and BWP switching are indicated in the same DCI, the PDCCH monitoring adaptation will be applied for the new BWP. If BWP switching is indicated after PDCCH monitoring adaptation indication, but before the expiration of PDCCH skipping timer or SSSG switching timer, UE will clear the PDCCH monitoring adaptation indication and all the related running timer associated to the original BWP and go to a default PDCCH monitoring behavior in the new BWP. If searchSpaceGroupIdList-r17 is not configured in the new BWP, the default PDCCH monitoring behavior is to monitor the configured search spaces in the new BWP. If searchSpaceGroupIdList-r17 is configured in the new BWP, the default PDCCH monitoring behavior is to monitor SSSG 0.
============================= Unchanged part omitted =========================================

2.2 PDCCH monitoring adaptation for a cell group 
Cell group is introduced for SSSG switching in R16 NR-U and the SSSG switching indication is applied for the whole cell group which the serving cell where the indication is received belongs to. The only restriction is that all the serving cells in a cell group should have the same cell group list, and a serving cell can only associated to one cell group.
For R17 PDCCH monitoring adaptation, cell group can also be considered. So that UE does not need to monitor PDCCH adaptation indication on every serving cell, and one indication monitored on a serving cell can be applied to all cells in the group. But one additional and necessary restriction should be, all the serving cells in the cells group should have the same SSSG/PDCCH skipping configurations. And one step further, considering there would be multiple BWPs configured on a serving cell, to guarantee that the cell group can still hold when BWP switching happens on serving cells, all the configured BWP on all the serving cells in a group should have the same SSSG/PDCCH skipping configurations.
 Proposal 2: A PDCCH monitoring adaptation indication monitored on a serving cell can be applied to all cells in a group. All the configured BWP on all the serving cells in a group should have the same SSSG/PDCCH skipping configurations. 
And related TP text can be as follows:

TP#2 for TS 38.213 Clause 10.4

============================= Unchanged part omitted =========================================
10.4
Search space set group switching and skipping of PDCCH monitoring
A UE can be provided a group index for a respective Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList for PDCCH monitoring on a serving cell. If the UE is not provided searchSpaceGroupIdList for a search space set, the following procedures are not applicable for PDCCH monitoring according to the search space set.

If a UE is provided cellGroupsForSwitchList, indicating one or more groups of serving cells, the following procedures apply to all serving cells within each group; otherwise, the following procedures apply only to a serving cell for which the UE is provided searchSpaceGroupIdList.
If a UE is provided cellGroupsForSwitchList-R17, indicating one or more groups of serving cells, the following procedures apply to all serving cells within each group; otherwise, the following procedures apply only to a serving cell for which the UE is provided searchSpaceGroupIdList-R17. All the configured BWPs on the serving cells within one group configured by cellGroupsForSwitchList-R17 should have the same PDCCHSkippingDurationList and searchSpaceGroupIdList-r17 configuration.
When a UE is provided searchSpaceGroupIdList, the UE resets PDCCH monitoring according to search space sets with group index 0, if provided by searchSpaceGroupIdList.
A UE can be provided by searchSpaceSwitchDelay a number of symbols [image: image4.png]Powitch



 where a minimum value of  [image: image6.png]Powitch



 is provided in Table 10.4-1 for UE processing capability 1 and UE processing capability 2 and SCS configuration [image: image8.png]


. UE processing capability 1 for SCS configuration [image: image10.png]


 applies unless the UE indicates support for UE processing capability 2. 

*<omitted text>*

A UE determines a slot and a symbol in the slot to start or stop PDCCH monitoring according to search space sets for a serving cell that the UE is provided searchSpaceGroupIdList or, if cellGroupsForSwitchList is provided, for a set of serving cells, based on the smallest SCS configuration [image: image12.png]


 among all configured DL BWPs in the serving cell or in the set of serving cells and, if any, in the serving cell where the UE receives a PDCCH and detects a corresponding DCI format 2_0 triggering the start or stop of PDCCH monitoring according to search space sets.
A UE can be provided a set of durations by PDCCHSkippingDurationList for PDCCH monitoring on a serving cell and, if the UE is not provided searchSpaceGroupIdList-r17, a DCI format 0_1, and/or DCI format 1_1, and/or DCI format 0_2, and/or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception can include a PDCCH monitoring adaptation field of 1 bit or of 2 bits. 

If the field has 1 bit and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell

-
a '0' value for the bit indicates no skipping in PDCCH monitoring
-
a '1' value for the bit indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations
If the field has 2 bits and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on a serving cell
-
a '00' value for the bits indicates no skipping in PDCCH monitoring 
-
a '01' value for the bits indicates skipping PDCCH monitoring for a duration provided by the first value in the set of durations
-
a '10' value for the bits indicates skipping PDCCH monitoring for a duration provided by the second value in the set of durations
-
a '11' value for the bits indicates skipping PDCCH monitoring for a duration provided by the third value in the set of durations, if any; otherwise, if the set of durations includes two values, a use of the ‘11’ value is reserved
A UE can be provided group indexes for a Type3-PDCCH CSS set or USS set by searchSpaceGroupIdList-r17 for PDCCH monitoring on a serving cell and, if the UE is not provided PDCCHSkippingDurationList, DCI format 0_1, or DCI format 1_1, or DCI format 0_2, or DCI format 1_2 that schedules a PUSCH transmission or a PDSCH reception can include a PDCCH monitoring adaptation field of 1 bit or of 2 bits. 

If the field has 1 bit and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell

-
a '0' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with other group indexes, if any
-
a '1' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with other group indexes, if any
If the field has 2 bits and for PDCCH monitoring according to Type3-PDCCH CSS sets or USS sets on the serving cell
-
a '00' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 0 and stop of PDCCH monitoring according to search space sets with other group indexes, if any
-
a '01' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 1 and stop of PDCCH monitoring according to search space sets with other group indexes, if any
-
a '10' value for the bit indicates start of PDCCH monitoring according to search space sets with group index 2 and stop of PDCCH monitoring according to search space sets with other group indexes, if any
============================= Unchanged part omitted =========================================

2.3 SSSG switching timer and PDCCH skipping values 

It is already agreed SSSG switching timer and PDCCH skipping values can be as follows,

Agreement
-         The value of the SSSG switching timer in slots for SSSG#1 and/or SSSG#2 can be configured as

· {[1...20,40,60,80,100]} for 15 kHz SCS,

· {[1...40, 80,100,160,200]} for 30 kHz SCS,

· {[1...80, 160,200,320,400]} for 60kHz SCS,

· {[1...160,320,400,640,800]} for 120kHz SCS
Agreement

· For value X in Beh 1A, candidate skipping values are

· Up to [100ms] length is supported,

· The X is configured and indicated in the unit of slot.

· Working assumption for candidate values for X

· {1,2,3,…,20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,

· {1,2,3,…,40, 60, 80, 100, 120,160,200} for 30 kHz SCS,

· {1,2,3,…,80, 120, 160, 200, 240, 320,400} for 60kHz SCS,

· {1,2,3,…,160, 240, 320,400, 480, 640,800} for 120kHz SCS

· FFS: Equal to or longer than the applicable minimum scheduling offset

· FFS: additional symbol level / PDCCH monitoring period level skipping duration

 R17 WI NR 52.6-71GHz has introduced 480kHz and 960kHz SCS, to allow the PDCCH monitoring adaptation feature applied in NR 52.6-71GHz, SSSG switching timer and PDCCH skipping values for 480kHz and 960kHz SCS should be defined. Scaling factor 4 and 8 can be applied based on the values for 120kHz. For example, the value of the SSSG switching timer in slots for SSSG#1 and/or SSSG#2 can be configured as, {[4,8,12,16,...,640,1280,1600,2560,3200]} for 480kHz SCS,  {[8,16,24,32,..., 1280,1600,2560,3200,6400]} for 960kHz SCS. The candidate skipping values can be configured as {[4,8,12,16,...,640,1280,1600,2560,3200]} for 480kHz SCS,  {[8,16,24,32,..., 1280,1600,2560,3200,6400]}
Proposal 3: To allow the PDCCH monitoring adaptation feature applied in NR 52.6-71GHz,
· The value of the SSSG switching timer in slots for SSSG#1 and/or SSSG#2 can be configured as, {[4,8,12,16,...,640,1280,1600,2560,3200]} for 480kHz SCS,  {[8,16,24,32,..., 1280,1600,2560,3200,6400]} for 960kHz SCS.
· The candidate skipping values can be configured as {[4,8,12,16,...,640,1280,1600,2560,3200]} for 480kHz SCS,  {[8,16,24,32,..., 1280,1600,2560,3200,6400]}.
3 Conclusions

In this contribution, we propose the followings:
Proposal 1: For Case 1, the PDCCH monitoring adaptation can be applied for the new BWP. For Case 2, clear the PDCCH monitoring adaptation indication and all the related running timer associated to the original BWP and go back to a default PDCCH monitoring behaviour in the new BWP.
Proposal 2: A PDCCH monitoring adaptation indication monitored on a serving cell can be applied to all cells in a group. All the configured BWP on all the serving cells in a group should have the same SSSG/PDCCH skipping configurations.
Proposal 3: To allow the PDCCH monitoring adaptation feature applied in NR 52.6-71GHz,

· The value of the SSSG switching timer in slots for SSSG#1 and/or SSSG#2 can be configured as, {[4,8,12,16,...,640,1280,1600,2560,3200]} for 480kHz SCS,  {[8,16,24,32,..., 1280,1600,2560,3200,6400]} for 960kHz SCS.
· The candidate skipping values can be configured as {[4,8,12,16,...,640,1280,1600,2560,3200]} for 480kHz SCS,  {[8,16,24,32,..., 1280,1600,2560,3200,6400]}.
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