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Introduction
In RAN1#106bis-e [1], the following was agreed regarding power saving enhancements during active time.
	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 up to M = {1, 2, 3}multiple RRC configured values by scheduling DCIs indicating PDCCH schedules data
· The bits for indicating PDCCH monitoring adaptation also indicating skipping duration. Details FFS
· The maximum value of M = [2 or 3]
· Note: M = 1 is not precluded.
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]
· FFS ‘11’ is Beh 1A
· 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, 
· Indicated UE behaviors are Beh 1A, 2, 2A and FFS whether indicate Beh 1
· FFS details bit mapping
· FFS Timer behavior (e.g., reset timer value) for PDCCH monitoring adaptation indication when Beh 1A is indicated
· 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 (e.g., reset timer value) for PDCCH monitoring adaptation indication 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 monitoring PDCCH in the active DL BWP of the serving cell SSSG#1 and/or SSSG#2 before moving to the default search space group is 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 is as follows,
-         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 between 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 between 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.
u       for SCS configuration , FFS X = 25 or 39
u      FFS: 
o    Option b:  the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended.
o    Option c: PDCCH monitoring adaptation command applies after PUSCH transmission if triggered by UL DCI
o    Option d: PDCCH monitoring adaptation command applies after HARQ-ACK transmission (or plus some margin for HARQ-ACK decoding).
o    Option e: after successfully decoding TB.
o    Option f:  Application delay should be “ZERO”  for PDCCH monitoring adaptation. PDCCH monitoring adaptation would be applied after UE receive the additional PDCCH monitoring adaptation control signaling bit(s) in DCI
o    Option g:  Application delay(s) are configured via RRC signaling
o    Option h:  Application delay applies after drx-RetransmissionTimerUL expires
o    Option i: Leave up to implementation
o    Option j: UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in DL assignment. If the UE fails to decode the associated PDSCH and transmits a NACK, skipping is canceled in the slots after the NACK transmission. Option g ( application delay configured via RRC signaling) is used for uplink grant. If RRC signaling is not provided, UE applies the skipping immediately (e.g. next symbol/slot) after the UE receives the indication in UL grant.
o    Other options not precluded.
-         FFS reference points for the application delay,
o        e.g., the PDCCH monitoring indication applies at a first slot that is at least  symbols after the last symbol of the PDCCH, where T is defined as 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 express our views on the details on DCI based power saving via PDCCH monitoring adaptation during active time.
Details on PDCCH monitoring reduction techniques during active time

Indication by a scheduling DCI format

RAN1 has agreed to support a DCI based solution that includes the functionalities of both SSSG switching and PDCCH skipping for a duration.
It has been agreed that scheduling DCI formats such as 0-1, 0-2, 1-1, 1-2 can be used for PDCCH monitoring adaptation in active time when data is scheduled. At most 2 bits can be configured for indication.
Some behaviors combinations for bit field size 1 and 2 were agreed [1]. In our view, for Case 4 (i.e., 2 SSSG switching with PDCCH skipping), following combination can be indicated assuming M = 2 values for skipping durations are RRC configured.

Proposal 1: For Case 4 (i.e., 2 SSSG switching with PDCCH skipping), support indication of following combination of behaviors for M =2 skipping durations.

	Codepoint
	Behv

	00
	Behv 2

	01
	Behv 2A

	10
	Behv 1A with first duration

	11
	Behv 1A with second duration




RRC signaling can provide a set of possible values for skipping durations which can be configured per BWP in our view. Configuration per SSSG does not seem strongly necessary and would increase RRC signaling overhead. Possible values may include 4ms, 8ms, 16ms, 32ms, 64ms etc.
Proposal 2: Multiple PDCCH skipping durations can be configured by RRC signaling per BWP.
· Possible values for skipping duration include 4ms, 8ms, 16ms, 32ms, 64ms etc.

Moreover, regarding the configuration of timers for switching from non-default SSSG to default SSSG after Behv 2A or Bev 2B is indicated, we think the configuration can be common and per BWP. This may provide reasonable flexibility compared to configuration per cell.  

Proposal 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.

Indication by non-scheduling DCI format

There may not be always data available for scheduling and non-scheduling DCI formats can also be used for PDCCH monitoring adaptation. For example, DCI format 2_6 is monitored by a UE only outside active time for waking up to DRX ON. It can be used during active time to indicate PDCCH monitoring adaptation during active time for power saving purpose. Since monitoring occasions are mutually exclusive, use of DCI format 2_6 during active time doesn’t create any ambiguity regarding the expected UE behavior.
Observation 1: Use of DCI format 2_6 for PDCCH monitoring adaptation during active time doesn’t create any ambiguity regarding the expected UE behavior, since monitoring occasions are mutually exclusive when format 2_6 is used as wake up signal before DRX ON. 
Additionally, non-scheduling DCI format 1-1, e,g, to trigger SCell dormancy, can also be used for PDCCH monitoring adaptation in active time. SCell dormancy trigger can be enhanced to include PDCCH skipping for a duration in the serving cell. In Rel-16 design, DCI scheduled by a serving cell indicates dormancy or non-dormancy in other activated SCells. If SCell dormancy signaling framework is used, a dormant BWP can be conceived in the serving cell and UE camps on that BWP during reduced PDCCH monitoring activity.
Proposal 4: Support indication of PDCCH monitoring adaptation by following ways.
· DCI Format 1_1 (SCell dormancy case 2) when not scheduling data.
· DCI Format 2_6 during active time.
Impact to data scheduling due to PDCCH monitoring adaptation
There were some proposals made in the last meetings that PDCCH skipping may start after UE reports HARQ-ACK feedback. In our view, such interaction is not strongly necessary, it can be left up to gNB implementation. For small skipping duration, the impact is expected to be minimal. If gNB intends to send PDCCH skipping indication, it could make the data transmission more reliable by conservative selection of MCS, so that need for retransmission is minimized. Moreover, we think PDCCH monitoring adaptation should not depend on start of PUSCH transmission.
Moreover, PDCCH monitoring adaptation can possibly be triggered by both scheduling and non-scheduling DCI formats and it is desirable to have a unified solution in both cases regarding when PDCCH monitoring adaptation would start.
The trigger of PDCCH monitoring adaptation should be immediately active after DCI indication, in a similar manner as SFI indication, for the case of PDCCH skipping indication. It can be at most based on the Z value, i.e., PDCCH decoding time in slots that is equal to (1, 1, 2, 2) for DL SCS of (15, 30, 60, 120) KHz, respectively, which is Option b in the list of options. For application delay when SSSG is switched, Rel-16 NR-U solution can be used, i.e., Option a in the list.
Observation 2:
· PDCCH monitoring adaptation can be potentially triggered by both scheduling and non-scheduling DCI formats and it is expected that unified approach is taken regarding start of the adaptation
· Impact to HARQ retransmission due to PDCCH monitoring adaptation can be avoided by gNB implementation

Proposal 5: PDCCH monitoring adaptation should not be dependent on HARQ outcome or start of PUSCH transmission.

Proposal 6: Adopt Option a and Option b for SSSG switching and PDCCH skipping, respectively, for application delay.


Conclusions
In summary, we have following list of observations and proposals:

Observation 1: Use of DCI format 2_6 for PDCCH monitoring adaptation during active time doesn’t create any ambiguity regarding the expected UE behavior, since monitoring occasions are mutually exclusive when format 2_6 is used as wake up signal before DRX ON. 

Observation 2:
· PDCCH monitoring adaptation can be potentially triggered by both scheduling and non-scheduling DCI formats and it is expected that unified approach is taken regarding start of the adaptation
· Impact to HARQ retransmission due to PDCCH monitoring adaptation can be avoided by gNB implementation

Proposal 1: For Case 4 (i.e., 2 SSSG switching with PDCCH skipping), support indication of following combination of behaviors for M =2 skipping durations.

	Codepoint
	Behv

	00
	Behv 2

	01
	Behv 2A

	10
	Behv 1A with first duration

	11
	Behv1A with second duration



Proposal 2: Multiple PDCCH skipping durations can be configured by RRC signaling per BWP.
· Possible values for skipping duration include 4ms, 8ms, 16ms, 32ms, 64ms etc.

Proposal 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.

Proposal 4: Support indication of PDCCH monitoring adaptation by following ways.
· DCI Format 1_1 (SCell dormancy case 2) when not scheduling data.
· DCI Format 2_6 during active time.

Proposal 5: PDCCH monitoring adaptation should not be dependent on HARQ outcome or start of PUSCH transmission.

Proposal 6: Adopt Option a and Option b for SSSG switching and PDCCH skipping, respectively, for application delay.

References
[1] RAN1 106bis-e Chairman Notes.



1/12
image1.png
Pios = [X] symbols




image2.png




image3.png




image4.png





 


1


/


2


 


3GPP TSG RAN WG1 Meeting #10


7


-


e


     


 


 


 


 


 


     


R1


-


2111506


 


e


-


Meeting,


 


November 11


th


 


–


 


19


th


, 2021


 


 


Source:


 


Intel Corporation


 


Title:


 


                       


Discussion on DCI


-


based power saving adaptation in active time


 


Agenda item:


 


8.


7.


2


 


Document for:


 


Discussion and Decision


 


1


 


Introduction


 


In 


RAN1#106bis


-


e [1]


, the following was agreed regarding 


power saving enhancements during active time.


 


Agreement


 


C


onfirm the four working assumptions


 


(extracted from package 1)


 


Working assumption


(extracted from package 1)


:


 


Beh 1: PDCCH skipping is not activated


 


W


orking assumption


(extracted from package 1)


:


 


Indication of Beh 1A for current SSSG when two SSSG(s) are configured is supported


 


W


orking assumption


(extracted from package 1)


:


 


At most 3


 


SSSG


s is supported to be configured for PDCCH monitoring adaptation.


 


W


orking 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,


 


o


 


The UE can be configured to be indicated by DCI a value of X 


slots


 


(i.e., skipping duration) among 


up 


to


 


M


 


= {1, 2, 3}


multiple


 


RRC configured values by scheduling DCIs indicating PDCCH schedules data


 


o


 


The bits for indicating PDCCH monitoring 


adaptation also indicating skipping duration. Details 


FFS


 


o


 


The maximum value of 


M


 


= [2 or 3]


 


o


 


Note: M = 1 is not precluded.


 


Agreement


 


The bit mapping of DCI indication PDCCH mo


n


itoring adaptation is as follows,


 


-


 


For Case 1 (i.e., PDCCH skipping), the followin


g is supported


 


o


 


1


-


bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if 


M


=1


 


o


 


‘0’ is Beh 1 and ‘1’ is Beh 1A


 


o


 


2


-


bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if 


M


=2 or 3


 


o


 


‘00’ is Beh 1


 




  1 / 2   3GPP TSG RAN WG1 Meeting #10 7 - e                       R1 - 2111506   e - Meeting,   November 11 th   –   19 th , 2021     Source:   Intel Corporation   Title:                           Discussion on DCI - based power saving adaptation in active time   Agenda item:   8. 7. 2   Document for:   Discussion and Decision   1   Introduction   In  RAN1#106bis - e [1] , the following was agreed regarding  power saving enhancements during active time.  

Agreement   C onfirm the four working assumptions   (extracted from package 1)   Working assumption (extracted from package 1) :   Beh 1: PDCCH skipping is not activated   W orking assumption (extracted from package 1) :   Indication of Beh 1A for current SSSG when two SSSG(s) are configured is supported   W orking assumption (extracted from package 1) :   At most 3   SSSG s is supported to be configured for PDCCH monitoring adaptation.   W orking 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,   o   The UE can be configured to be indicated by DCI a value of X  slots   (i.e., skipping duration) among  up  to   M   = {1, 2, 3} multiple   RRC configured values by scheduling DCIs indicating PDCCH schedules data   o   The bits for indicating PDCCH monitoring  adaptation also indicating skipping duration. Details  FFS   o   The maximum value of  M   = [2 or 3]   o   Note: M = 1 is not precluded.   Agreement   The bit mapping of DCI indication PDCCH mo n itoring adaptation is as follows,   -   For Case 1 (i.e., PDCCH skipping), the followin g is supported   o   1 - bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if  M =1   o   ‘0’ is Beh 1 and ‘1’ is Beh 1A   o   2 - bit in scheduling DCI is supported to indicate PDCCH monitoring adaptation UE behaviors if  M =2 or 3   o   ‘00’ is Beh 1  

