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Introduction 
In RAN1 #106-e, the following working assumptions have been confirmed.
	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


[bookmark: _Ref79075308]
In this contribution, we will provide the remaining design details for UE behaviors in Section 2 and the application delay in Section 3.

[bookmark: _Ref86840425]UE behaviors
In this section, we will provide the design details based on the proposals in RAN1 #106-bis-e [1][2].  
[bookmark: _Ref86415223]Behavior/Configuration of PDCCH skipping
Beh 1A is used to support PDCCH skipping for a duration. One of the FFS in Beh 1A is whether to continue monitoring PDCCH scrambled by C-RNTI, the MCS-C-RNTI or the CS-RNTI in Type 0/1/1A/2 CSS. 
	
[Medium] Proposal 2-1 (v2)
Monitoring of PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in Type0/0A/1 or 2 PDCCH CSS is not affected by PDCCH monitoring adaptation.




[bookmark: _Ref84031448]It is noticed that, during the skipping duration, network cannot schedule retransmissions. It is fine for UE to monitor PDCCH scrambled by others RNTI in Type 0/1/1A/2 CSS, such as SI-RNTI, P-RNTI, RA-RNTI, since the corresponding PDSCHs require no retransmission handling. But, there will be retransmission handling issue if UE monitors PDCCH scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI in Type 0/1/1A/2 CSS during skipping duration. It is recommended UE monitors those RNTI’s after the skipping duration.

[bookmark: _Ref87012988]Proposal 1: Monitoring PDCCH scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI for Type 0/1/1A/2 CSS in Beh 1A is not supported.



The other issue is related to the PDCCH skipping configuration, the possible values for skipping durations and where to configure. 

Possible values for skipping durations
	[High] Proposal 4-1 (v4)
· For value X in Beh 1A, candidate skipping values are 
· Up to [20ms] length is supported, 
· FFS details, e.g., unit of X (e.g., slot, symbol or ms)
· FFS: longer skipping duration more than 20ms
· FFS: including possibility to skip current DRX if DRX is configured.
· FFS: other values are not precluded
· FFS: Equal to or longer than the applicable minimum scheduling offset




The unit of X determines the granularity of skipping duration. In our view, slot can be prioritized to be configured as the unit of skipping duration, analogous to SSSG timer. 

[bookmark: _Ref86840298]Proposal 2: Support slot as the unit of X in Beh 1A.

As for skipping the current DRX for PDCCH monitoring, the functionality is ready provided by MAC-CE and is not necessary to duplicate it in L1. Thus, skipping the current DRX if DRX is configured should not be supported.

[bookmark: _Ref86840296]Proposal 3: To avoid duplicated functionality of MAC-CE, not support skipping current DRX cycle when DRX is configured.

Skipping duration configuration
	[High] Proposal 4-3 (v5)
· For Beh 1A,
· X (i.e. skipping duration) is configured per BWP at least when SSSG is not configured.
· FFS: when SSSG is configured



According to [2], configuring skipping duration per SSSG is proposed for adapting to different traffic services. In our view, BWP is a better framework since more configurations other than search space set, such as scheduling offset table and CSI report configuration, may be needed to be adpated for different services. In this regard, skipping duration per BWP would be a more reasonable choice, and we have the following proposal: 

[bookmark: _Ref86424334][bookmark: _Ref86840299]Proposal 4: Support skip duration configuration per BWP 

[bookmark: _Ref86415301]Behavior/Configuration of SSSG switching
In RAN1 #106-bis-e, there is an agreement about the SSSG timer can be optionally configured.
	Agreement (email approval)
     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.




In NR-U, not only the SSSG timer, but also the expiration of COT which is indicated in DCI 2_0 can make UE switch back to the default SSSG. Considering that empty SSSG without any SS is not precluded, SSSG timer should be configured since UE cannot switch back to the default SSSG via DCI indication. 
[bookmark: _Ref86840300]Proposal 5: If there is no SS associated to the SSSG, a timer is configured for UE to switch back to the default SSSG.
Another issue is related to the configuration of SSSG timer. 
	Agreement (email approval)

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.




As the reason mentioned in Proposal 4, configuring the SSSG timer per BWP can better adapt to the service. Thus, Alt 3 is recommended:

[bookmark: _Ref86840301]Proposal 6: Support Alt 3, the SSSG timer value is common and configured per BWP.

[bookmark: _Ref86415353]Interaction of PDCCH skipping and SSSG switching
In RAN1 106-bis-e, the following is agreed for the bit mapping design:

	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



In RAN1 #106-e, the interaction between PDCCH and SSSG switching is still ambiguous. In this section, we would like to provide necessary designs to resolve the following issues. 

· Clarify the interaction between SSSG switching and PDCCH skipping
· The behavior after PDCCH skipping duration expires
· Whether to reset the timer when receiving Beh 1A indication

The controversial point of the first item is whether to restrict the PDCCH skipping in a certain SSSG. For example, if UE is restricted to adapt PDCCH skipping in SSSG 1, UE should switch to the SSSG 1 when it receives indication of Beh 1A. This behavior will complicate the state machine of SSSG switching and is therefore not suggested. 

[bookmark: _Ref86840302]Proposal 7: UE skips PDCCH monitoring for an indicated duration on current SSSG when receiving indication of Beh 1A.

Without restricting the PDCCH skipping from a certain SSSG, some issues should still be resolved. One of the possible issue is what to do when the PDCCH skipping duration expires. In our view, switching to the default SSSG when the skip duration expires can simplify the mechanism. The corresponding state mechanism is shown in Figure 1.

Another related issue is on the SSSG timer. Whether to restart/stop the timer after PDCCH skipping is triggered. We suggest to simply reset and stop the SSSG timer. 

[bookmark: _Ref86840303]Proposal 8: If SSSG switching and PDCCH skipping, i.e., Beh 2/2A/[2B] and Beh 1A, are both configured, UE always fallbacks to default SSSG, i.e., SSSG #0, after skipping duration expires.
[bookmark: _Ref86840304]
[bookmark: _Ref87012998]Proposal 9: Reset and Stop the SSSG timer when UE receives the skipping indication.


[image: ]
[bookmark: _Ref86926929][bookmark: _Ref87013304]Figure 1. State machine of interaction between PDCCH skipping and SSSG switching
[bookmark: _Ref78945203][bookmark: _Ref71657642]


[bookmark: _Ref86415471]Non-scheduling DCI 

Regarding the indication based on non-scheduling DCI, since we have to complete a baseline design within one remining meeting, it should be deprioritized until the design based one scheduling DCI is completed. 
[bookmark: _Ref84031461][bookmark: _Ref86840305]Proposal 10: Prioritize completing the design based on scheduling DCI.


[bookmark: _Ref86840417]Application delay and retransmission handling
In RAN1 #106-bis-e meeting, one of the agreement is to discuss and decide the application delay.
	Agreement (email approval)
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.
       for SCS configuration , FFS X = 25 or 39
      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




According to the email thread discussion, FL suggested 2 way forward to handle application delay as quoted below:
· Way forward 1: we handle the application time only related to the scheduling DCI indication, and deal with the next step UE behavior after applying the indicating, e.g., interaction with HARQ in proposal 5-1 in FL summary. Just keeping in mind proposal 5-1 also can have some relation to this proposal.
· Way forward 2: we handle the application time and the next step UE behavior after applying the indicating, e.g., interaction with HARQ in proposal 5-1 in FL summary together in one proposal jointly. By doing this, clearly we need to revise the proposal 6-2 a lot.
Based on the current agreement, some of the options have already included retransmission handling. For the sake of progress, we suggest to jointly decide the application delay and retransmission handling.
[bookmark: _Ref84031463]
[bookmark: _Ref86840307]Proposal 11: Retransmission handling is based on extended application delay.

[bookmark: _Ref84031464]For application delay with retransmission handling, the concept of check duration can be introduced so that UE can determine whether to handle the retransmission. One simple design is to wait for the HARQ outcome, i.e., ACK or NACK for the received PDSCH during the check duration, so that UE can continue monitoring a configured retransmission duration when the HARQ outcome is NACK. To ensure sufficient time for acquiring the HARQ outcome, the check duration can be set as “k0+k1” and “k2” in DL and UL, respectively.

[bookmark: _Ref86840308]Proposal 12: Application delay includes a check duration where the UE determines whether to handle the retransmission.
· The check duration can be set as the time length of k0 + k1 in downlink.
· The check duration can be set as the time length of k2 in uplink.

[image: ]
[bookmark: _Ref86953751][bookmark: _Ref87013382]Figure 2. Introduce a check duration where the UE determines whether to handle the retransmission.

[bookmark: _Ref86840311]To improve UE power saving, network can configure whether UE needs to monitor PDCCH during the check duration as illustrated in Figure 2, which can be beneficial for AR/VR traffic where skipping several slots is still beneficial. 

[bookmark: _Ref87013004][bookmark: _Ref87013005]Proposal 13: Network can configure whether UE needs to monitor PDCCH during the check duration. 

If desiring to have UE switch back to per-slot monitoring at a given time independent from the HARQ outcome, the skip duration can always start to count at the end of the check duration.

Proposal 14: The skip duration of PDCCH skipping always starts to count at the end of check duration.

Next, we focus on the application delays which handles the retransmission issue in PDCCH skipping first. According to the options mentioned in agreement, only option d and option f can resolve the retransmission issue in downlink. In uplink, option h starts a retransmission duration to handle possible retransmission request whereas option c switches to PDCCH skipping right after PUSCH is transmitted. Compared to option h, the behavior of option c cannot resolve the retransmission issue as illustrated in Figure 3. Thus, we have the following observation and proposal.

[bookmark: _Ref87013122]Observation 1: Option c for uplink cannot resolve the retransmission issue.
[bookmark: _Ref78945349][bookmark: _Ref79075326][bookmark: _Ref84031485][bookmark: _Ref86840312]
Proposal 15: For PDCCH skipping, support option d for downlink scheduling, option h for uplink scheduling.

[image: ]
[bookmark: _Ref86936060][bookmark: _Ref87013438]Figure 3. Option c cannot handling the retransmission issue for uplink


Considering the application delay for SSSG switching, similar retransmission handling to PDCCH skipping should be applied to SSSG switching for unified UE implementation. Therefore, we suggest that UE can start to switch the SSSG after the end of an extended application delay which includes the check duration and, if HARQ outcome is NACK, additional retransmission duration. 

[bookmark: _Ref86840313]Proposal 16: For SSSG switching, extend the original application delay by including the check duration and, if HARQ outcome is NACK, additional retransmission duration. This is equivalent to select:
· Option d for downlink scheduling
· Option h for uplink scheduling


[bookmark: _GoBack]Conclusion
In this contribution, we provide our views on the remaining issues for DCI-based UE power saving. Based on the discussions, we have the following observations and proposals.

Proposal 1: Monitoring PDCCH scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI for Type 0/1/1A/2 CSS in Beh 1A is not supported.
Proposal 2: Support slot as the unit of X in Beh 1A.
Proposal 3: To avoid duplicated functionality of MAC-CE, not support skipping current DRX cycle when DRX is configured.
Proposal 4: Support skip duration configuration per BWP
Proposal 5: If there is no SS associated to the SSSG, a timer is configured for UE to switch back to the default SSSG.
Proposal 6: Support Alt 3, the SSSG timer value is common and configured per BWP.
Proposal 7: UE skips PDCCH monitoring for an indicated duration on current SSSG when receiving indication of Beh 1A.
Proposal 8: If SSSG switching and PDCCH skipping, i.e., Beh 2/2A/[2B] and Beh 1A, are both configured, UE always fallbacks to default SSSG, i.e., SSSG #0, after skipping duration expires.
Proposal 9: Reset and Stop the SSSG timer when UE receives the skipping indication.
[image: ]
Figure 1. State machine of interaction between PDCCH skipping and SSSG switching



Proposal 10: Prioritize completing the design based on scheduling DCI.

Proposal 11: Retransmission handling is based on extended application delay.

Proposal 12: Application delay includes a check duration where the UE determines whether to handle the retransmission.
· The check duration can be set as the time length of k0 + k1 in downlink.
· The check duration can be set as the time length of k2 in uplink.

[image: ]
Figure 2. Introduce a check duration where the UE determines whether to handle the retransmission.


Proposal 13: Network can configure whether UE needs to monitor PDCCH during the check duration.


Proposal 14: The skip duration of PDCCH skipping always starts to count at the end of check duration.


Observation 1: Option c for uplink cannot resolve the retransmission issue.

Proposal 15: For PDCCH skipping, support option d for downlink scheduling, option h for uplink scheduling.

[image: ]
Figure 3. Option c cannot handling the retransmission issue for uplink

Proposal 16: For SSSG switching, extend the original application delay by including the check duration and, if HARQ outcome is NACK, additional retransmission duration. This is equivalent to select:

· Option d for downlink scheduling
· Option h for uplink scheduling
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