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1. Introduction
At the RAN1#107-e meeting, the techniques for extension to DCI-based power saving adaptation were discussed and RAN1 made following agreements [1].
	[bookmark: _Hlk86936032]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 

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
o    Alt 2a: for the Type3-PDCCH CSS set or the USS set with group index of either 1 or 2
o    Alt 2b: for the Type3-PDCCH CSS set or the USS set
o    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
o    Up to [100ms] length is supported,
o    The X is configured and indicated in the unit of slot.
o    Working assumption for candidate values for X
o    {1,2,3,…,20,30, 40, 50, 60, 80, 100} for 15 kHz SCS,
o    {1,2,3,…,40, 60, 80, 100, 120,160,200} for 30 kHz SCS,
o    {1,2,3,…,80, 120, 160, 200, 240, 320,400} for 60kHz SCS,
o    {1,2,3,…,160, 240, 320,400, 480, 640,800} for 120kHz SCS
o    FFS: Equal to or longer than the applicable minimum scheduling offset
o    FFS: additional  symbol level / PDCCH monitoring period level skipping duration



In this contribution, we discuss on the extension to Rel-16 DCI-based power saving adaptation.

2. Discussion
2.1. PDCCH Skipping
In the last meeting, we discussed whether for case 1, UE is support to be indicated a third PDCCH skipping duration(M=3). In the case of the PDCCH-skipping only with 2 bits in the DCI (Case 1), we have 4 codepoint to associate with 3 PDCCH skipping durations in addition to behaviour 1(not to skip the PDCCH monitoring). If it is M=2, it means that there is no PDCCH skipping durations associated with one codepoint, in other words, it is reserved bit. Thus, one code point is wasted. Hence, to provide more skipping durations we prefer to M=3.

Proposal 1: M=3 should be supported in the case of the PDCCH-skipping only with 2 bits

Also, the skipping duration can be configured, e.g., per cell/ BWP/ SSSG. The propose configurating the skipping duration per SSSG is to adapt different traffic services more flexible, e.g., eMBB and URLLC. However, in our view, we think BWP is best framework to adapt it since there are many configurations such as scheduling offset table and CSI report configuration in BWP configuration to be adpated for different services.

Proposal 2: Support skip duration configuration per BWP

2.2. SSSG Switching
Regarding configuration of SSSG switching timers, we also prefer to per BWP because of the misalignment between gNB and UE. We already agreed the codepoint mapping in case 3 and it is not self-contained. Thus, to avoid the misalignment between gNB and UE, we prefer to per BWP regarding 
configuration of SSSG switching timers.

Proposal 3:  Support configuration of SSSG switching timers per BWP
2.3. Whether or not Case5 is adapted
In previous meeting, four cases have been agreed for PDCCH monitoring adaptation, the only FFS part is Case 5. 
We already have agreed Case 3 (2 SSSG switching with PDCCH skipping), thus I think the additional UE complexity will not be increased, On the other hands, supporting Case5 will give gNB more flexibility of the PDCCH monitoring adaptation behaviour.

Proposal 4: Case5 (3 SSSG switching with PDCCH skipping) should be supported.

2.4. non-scheduling DCI based SSSG switching and/or PDCCH skipping
 In the last meeting, we discussed whether or not to support non-scheduling DCI, e.g., DCI format 2_6. In case of outside active time, DCI format 2_6 is used to wake-up the UE to receive data during On-duration, and if UE is indicated to monitor on-duration, there will be scheduling data for UE. 
In our view, it is enough to define the behavior when UE is indicated to monitor PDCCH within on-duration. For example, UE switches the intensive monitoring SSSG from the Sparse monitoring SSSG when UE monitor PDCCH within on-duration.
Thus, we think there is no need to indicate a skipping command or SSSG Switching in outside active time by DCI format 2_6. In addition to above, in case of inside active time, it may have larger standard impact since DCI format 2_6 cannot be monitored inside DRX Active Time by the current spec.
Proposal 5:  The default SSSG when UE is indicated to monitor PDCCH within on-duration should be supported.

2.5. Application delay for PDCCH skipping 
In the previous meetings, RAN1 discussed the application delay for PDCCH skipping and SSSG switching. Regarding the delay of each application, it was discussed whether it was related to retransmission. The candidates are below. In addition, this issue is categorized into downlink and uplink grant.
· Alt 1 (no interaction with retransmission)
· Alt 2 (has interaction with retransmission and applied after HARQ-ACK transmission)
· Alt 3 (has interaction with retransmission and can be applied before HARQ-ACK transmission)

And the cases are defined in last meeting as follows,
	Down-select from the following alternatives for application delay of PDCCH monitoring adaptation indication in RAN1#107bis-E.

Note: the application delay cases are described as follows,
· Case 1: Upon detecting a scheduling DCI format 1-1/1-2 indicating PDCCH skipping (i.e., Beh 1A), 
· Case 2: Upon detecting a scheduling DCI format 0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A), 
· Case 3: Upon detecting a scheduling DCI format 1-1/1-2 indicating SSSG switching (i.e., Beh 2/2A/2B), 
· Case 4: Upon detecting a scheduling DCI format 0-1/0-2 indicating SSSG switching (i.e., Beh 2/2A/2B), 
· Case 5: Upon SSSG timer exipry,

For PDCCH skipping
Alt 1 (no interaction with retransmission):
· Case 1 and 2: Upon detecting a scheduling DCI format 1-1/1-2/0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A), 
· Alt 1a: the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
· Alt 1b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
Alt 2 (has interaction with retransmission and applied after HARQ-ACK transmission):
· Case 1: Upon detecting a scheduling DCI format 1-1/1-2 indicating PDCCH skipping (i.e., Beh 1A), 
· the UE applies Beh 1A next slot 1 slot after the last OFDM symbol of ACK transmission, otherwise the indication is not applied.
· FFS: Whether UE has to monitor PDCCH from the next slot after the last OFDM symbol of the PDCCH transmission to ACK can leave for network configuration.
· Case 2: Upon detecting a scheduling DCI format 0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A),
· Alt 2a: the UE applies Beh 1A on the serving cell after the last OFDM symbol of PUSCH transmission
· Alt 2b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
· Alt 2c: the UE applies Beh 1A on the serving cell at the Yth slot after the last OFDM symbol of the PDCCH transmission.
· Y is configured by RRC, 
· If Y is not configured, the default value is 1.
· FFS values of Y
· FFS values of Y
Alt 3 (has interaction with retransmission and can be applied before HARQ-ACK transmission):
· Case 1: Upon detecting a scheduling DCI format 1-1/1-2 indicating PDCCH skipping (i.e., Beh 1A), 
·  Alt 3a and 3c: the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
· Alt 3b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
· If the UE fails to decode the associated PDSCH and/or transmit a NACK, UE performs Beh 1 (i.e., the PDCCH skipping is stopped) at the first slot after the last OFDM symbol of the NACK transmission.
· Case 2: Upon detecting a scheduling DCI format 0-1/0-2 indicating PDCCH skipping (i.e., Beh 1A), 
· Alt 3a: the UE applies Beh 1A on the serving cell at the first slot after the last OFDM symbol of the PDCCH transmission.
· Alt 3b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
· Alt 3c: the UE applies the indication on the serving cell at the Yth slot after the last OFDM symbol of the PDCCH transmission.
· Y is configured by RRC, 
· If Yis not configured, the default value is 1.
· FFS values of Y
· FFS values of Y

For SSSG switching
Alt 1 (no interaction with retransmission):
· Case 3 and 4: Upon detecting a scheduling DCI format 1-1/1-2/0-1/0-2 indicating SSSG switching (i.e., Beh 2/2A/2B), 
· Alt 1a: the UE applies SSSG switching on the serving cell at a first slot that is at least Pswitch symbols after the last symbol of the PDCCH
· Alt 1b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
· Case 5: Upon SSSG timer exipry, UE performs Beh 2 at a first slot that is at least Pswitch symbols after a slot where the timer expires
· Note: Pswitch is defined in Table 10.4-1 in TS38.213, Pswitch = [X] symbols for SCS configuration  u =3, FFS X = 25 or 39
Alt 2 (has interaction with retransmission and applied after HARQ-ACK transmission):
· Case 3: Upon detecting a scheduling DCI format 1-1/1-2 indicating SSSG switching(i.e., Beh 2/2A/2B), 
· the UE applies the indication next slot 1 slot after the last OFDM symbol of ACK transmission, otherwise the indication is not applied.
· Case 4: Upon detecting a scheduling DCI format 0-1/0-2 indicating or SSSG switching(i.e., Beh 2/2A/2B),
· Alt 2a: the UE applies the indication on the serving cell after the last OFDM symbol of PUSCH transmission
· Alt 2b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
· Alt 2c: the UE applies the indication on the serving cell at the Wth slot after the last OFDM symbol of the PDCCH transmission.
· W is configured by RRC, 
· If W is not configured, the default value is 1.
· FFS values of W
· Case 5: Upon SSSG timer exipry, UE performs Beh 2 at a first slot that is at least Pswitch symbols after a slot where the timer expires
· Note: Pswitch is defined in Table 10.4-1 in TS38.213, Pswitch = [X] symbols for SCS configuration  u =3, FFS X = 25 or 39
· FFS values of W
Alt 3 (has interaction with retransmission and can be applied before HARQ-ACK transmission):
· Case 3: Upon detecting a scheduling DCI format 1-1/1-2 indicating SSSG switching (i.e., Beh 2/2A/2B), 
· the UE applies SSSG switching on the serving cell at a first slot that is at least Pswitch symbols after the last symbol of the PDCCH
· FFS the application delay is same or different if minimum scheduling offset restriction is configured 
· If the UE fails to decode the associated PDSCH and/or transmit a NACK, UE performs [Beh 2/2A/2B] (i.e., the SSSG switching is stopped) at the first slot after the last OFDM symbol of the NACK transmission.
· Case 4: Upon detecting a scheduling DCI format 0-1/0-2 indicating SSSG switching (i.e., Beh 2/2A/2B), 
· Alt 3a: the UE applies the indication on the serving cell after the last OFDM symbol of PUSCH transmission
· Alt 3b: the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended
· Alt 3c: the UE applies the indication on the serving cell at the Wth slot after the last OFDM symbol of the PDCCH transmission.
· W is configured by RRC, 
· If W is not configured, the default value is 1.
· FFS values of W
· Case 5: Upon SSSG timer exipry, UE performs Beh 2 at a first slot that is at least Pswitch symbols after a slot where the timer expires
· Note: Pswitch is defined in Table 10.4-1 in TS38.213, Pswitch = [X] symbols for SCS configuration  u =3, FFS X = 25 or 39
· FFS values of W



Regarding PDCCH skipping, we think Alt 3 should be considered. In case 1&2, the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended(Alt 3b). 
Regarding SSSG Switching, we think Alt 2 should be considered. In case 3&4, the application delay needed for PDCCH processing for Rel-16 minimum application delay for K0min/K2min indication is reused/extended. 
[bookmark: _GoBack]Proposal 6: (PDCCH skipping) Support Alt 3 and Alt 3b in case 4
(SSSG Switching) Support Alt 2 and Alt 3b in case 1&2
3. Conclusion
In this contribution, the extension to Rel-16 DCI-based power saving adaptation was discussed. Based on the discussion, the following observations and proposals were made:
Proposal 1: M=3 should be supported in the case of the PDCCH-skipping only with 2 bits
Proposal 2: Support skip duration configuration per BWP
Proposal 3:  Support configuration of SSSG switching timers per BWP
Proposal 4: Case5 (3 SSSG switching with PDCCH skipping) should be supported.
Proposal 5:  The default SSSG when UE is indicated to monitor PDCCH within on-duration should be supported.
Proposal 6: (PDCCH skipping) Support Alt 3 and Alt 3b in case 4
(SSSG Switching) Support Alt 2 and Alt 3b in case 1&2
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