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1 Introduction
The schemes in UE Power Saving Enhancements for connected-mode are to further reduce PDCCH monitoring based on DCI indication. Further design of the joint indication of PDCCH adaptations are agreed in the last meeting:
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.
      
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 for SCS configuration , FFS X = 25 or 39
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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,
-         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 further analyze DCI-based adaptation mechanisms on the details.
2 PDCCH monitoring adaptations
Considering the complexity, gains and specification impact, method of common design is to be covered. The agreed package goes to a well-balanced direction. The further details will be decided on the DCI formats, skipping behaviors and switching on search space set groups.
2.1 Adaptation Indicating field in DCI
Skipping PDCCH and switching SSSGs can be indicated by a DCI field. 

Both of adaptations will help the UE to perform less PDCCH monitoring when there will be less or no traffic for the UE.  Up to 2 bits will be used to indicate those dynamically adaptation. 
Depending on the application scenarios, the UE will be needed to adapting some of the behaviors. Then the gNB can configure only 2 SSSG or 1 Skipping duration. A full scale of all types of adaptations may not be always needed. Thus, allowing one bit indication based on number of behaviors for adaptation is reasonable.

In regards of the indication field splitting, we understand the motivation is to avoid implication of different kind of adaptation behaviors. However, we also see no problem of switching among different behaviors as it is also shown in later. We would suggest a unified indication field. In another perspective, if we separate the 2 bits, e.g., 1 for skipping and 1 for SSSGs. It would waste code points.
Proposal 1: Indication field for triggering PDCCH monitoring adaptation is unified.
The number of indication bits could be 1 or 2, depending on the number of adaptation behaviors configured.

2.2 Indicating skipping duration of PDCCH

In regards of the indication PDCCH skipping, it is the most straightforward UE adaptation on omitting the following PDCCH monitoring occasions. We further consider the case when multiple SSSGs is configured with PDCCH skipping and shows how it can function with PDCCH skipping.
2.2.1 Skipping mechanism and alternative solutions
The gNB side may decide it will not schedule a UE in near term. The network scheduler has enough knowledge and could decide how many occasions the UE can skip the PDCCH monitoring in such cases. Per current agreement of unified solution of PDCCH adaptation. The behavior 1A allow gNB scheduler directly indicate the skipping as illustrated in the Figure1. based on the predicated data arrival and other scheduling information. 
Additionally, if there is more than 2 SSSGs group configured, we can see the skipping duration can be effectively applied to the SSSGs. Regardless what ever the SSSGs is activated currently, the skipping is same. In, the example the SSSG #2 can be resumed after the skipping duration expired.
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Figure1: Dynamic indication of skipping PDCCH monitoring
2.3 Indicating Search Space group adaptation

Rel-16 NR-U has already supported search space set group switching schemes and switching between them. It was supporting up to 2 SSSGs.
In the common frameworks, up to 3 SSSGs are supported. The unified solution should take into account of higher number of state transitions.
2.3.1 Indicating Search Space group adaptation
The Search Space group adaptation can maintain the UE’s PDCCH monitoring behavior within the PDCCH search space as in the specification. The PDCCH search space configurations will be switched based on the service and traffic requirements. As shown in Figure 2, for the time with higher traffic load to the UE. Normal PDCCH search space will be switched on. This PDCCH search space could be with small periodicity and short monitoring duration and even higher number of candidates. 
The first group of PDCCH search spaces shown in Figure 2 represent the configuration. For the time with lower traffic load for the UE, PDCCH search space with long periodicity and short monitoring duration will be switched on, e.g., the group B or group C. 
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Figure2: PDCCH search space adaptation
Figure 3 shows the consideration on the state transitions. The default SSSG should be always configured for fall back operation. It helps for UE error recovery. Also, the UE don’t have to wait for another DCI indication to come back to normal PDCCH monitoring.

For 2 SSSGs, the state transition would be simple, the DCI indication of different Groups can be only 2 directions. For the 3 SSSGs, the transition direction would be much higher. For some of the state transitions, it should support either DCI triggering and Timer based.

Considering there would also be DCI misdetection, full state transitions of the 3SSSGs should be avoided. Restriction of SSSG transitions should be supported.
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Figure3: State transitions for SSSGs
Proposal 2: In case of indicating PDCCH search space sets groups by the DCI bits, a default SSSG is always configured.
If 3 SSSGs is configured simultaneously, restricted state transition should be applied in the adaptation.
2.3.2 Timer for autonomous adaptation
Autonomous adaptation scheme based on further detection may not be needed for Rel-17. That means UE autonomously monitor the PDCCH search space once the UE receive one scheduling grant within that PDCCH search space. The motivation is more related to NR-U operation and may not be needed in power saving.
Autonomous PDCCH monitoring adaptation by timer has also been supported in NR-U by implicit switching between Group1 and Group2 of search space sets as fall back. For power saving, it would be good to simply fall back to a sparse search space group on the timer expired. Thus, the default SSSGs could be configured as sparse one or dense one depending on the scenarios. 
For the 3SSSGs case, we can further discuss the limitation of fallback switching. It can be in cascade manner. However, considering the use cases, all fallback to one default SSSG would be preferred to us. Multiple fallback timers are also not justified. Thus, we suggest only one timer will be used for that autonomous fallback adaptation of SSSG.

Proposal 3: When multiple PDCCH search space groups are switchable, autonomous PDCCH monitoring adaptation to the default SSSG is triggered by timer.

Only one timer will be activated for the autonomous fallback adaptation of SSSG.
2.3.3 With cross-slot scheduling switching
In the Rel-16, cross-slot scheduling switching is supported by normal scheduling DCI. There is complete timing mechanism for determine the assumed cross-slot minimum K0/K2 values. The minimum K0/K2 can be switched to preconfigured larger sets by DCI.
As discussed previously in Rel-16, power efficiency is not maximized when the cross-slot scheduling is enabled and PDCCH have to be monitored in every slot. In the case, the PDCCH-to-PDSCH processing is only saved in power consumption for buffering by cross-slot scheduling. Unchanged PDCCH search space monitoring periodicity will results in unnecessary power consumption. 
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Figure4. PDSCH transmission in all slots with cross-slot scheduling
In Figure4, the UE is configured with scheduling PDCCH in every slot and minimum K0=1. Then, it is possible that the UE receive DL signal for every slot. The buffering of whole band is not needed and thus some power can be saved. However, the power saving effect is not maximized due to the RF of RX turned on in most of time. 

In considering cross-slot scheduling, it would generally require a smaller number of slots to transmit data to a UE and the user throughput can be reduced accordingly. Since the cross-slot minimum K0/K2 can be configure, the PDCCH monitoring periodicity for every slot will be very inefficient combination as shown in Figure4.

We can consider triggering the PDCCH search space groups together with switching of cross-slot minimum K0. Each of the cross-slot scheduling value can be bundled to one search space group. Then the inefficient cross-slot scheduling switching in Figure4 is avoided. In general, the cross-slot scheduling of K0 should be same as the monitoring periodicity of the bundled Search Space group.
To support this, we can reuse the cross-slot scheduling indication bit in the DCI to trigger additionally the search space group switching. With the unified triggering design, the 2 cross-slot states can be mapped to the 2 search space group sets.
Still, the application delay can be applicable.
Proposal 4: The search space group switching indication in the DCI can also trigger cross-slot scheduling states.
In that case, the application delay of cross-slot is also applicable.
2.4 Skipping duration and SSSGs combination
3 combinations of Skipping durations and SSSGs are left for further decision. From our point of views, there is not feasibility issues for not adopting those combinations. In 2.2.1, we had already shown the skipping duration(s) can be applicable to multiple SSSGs, and there is no problem for the UE behavior.

Table 1. The remaining combinations of Skipping durations and SSSGs
	No. of Skipping duration
	No. of SSSG
	No. of DCI bits
	Need for None-skipping indication

	3
	0
	2
	Yes

	2
	2
	2
	No

	1
	3
	2
	No


As shown in the Table 1, all the combination needs up to 2 bits. Reducing 1 skipping duration from them will not save any DCI bits. 

We suggest conclude the support of the 3 combinations.

Proposal5:

For indication of 3 skipping durations, ‘11’ is Beh 1A with skipping duration 3.

For 2 SSSG switching, support 2 skipping duration indications.

Supporting Case 5, i.e., 3 SSSG switching and 1 skipping.
2.5 Retransmission handling and application delay
Using scheduling DCI cannot avoid the retransmission of the ‘last’ packet. For the downlink as example, UE could successfully receive a DCI with skipping indication and miss the scheduled data by the same DCI. Retransmission after the skipping period will increase the overall data service latency.

As also indicated in the Figure1 in section 2.2, a retransmission period can be introduced for the retransmission to allow a retransmission window. The window should depend on the PDCCH-PDSCH-HARQ-ACK timing component and re- scheduling timing component. The first timing component is determined by the K0 and K1 in scheduling instance. The second one is not restricted as a gNB implementation. However, it would be reasonable to assume rescheduling can be done quickly, e.g., within one or two PDCCH occasions.

Proposal 6: Introduce a delay window in the PDCCH skipping indication, which is based on PDCCH-PDSCH-HARQ-ACK timing and re-scheduling timing.

However, if the PDCCH-PDSCH-HARQ-ACK timing is relatively long, the unnecessary PDCCH monitoring will happen in the delay window. For the UE in skipping indication, it should assume only one process needed for that re-transmission. We consider only allowing the few occasions after the PDCCH-PDSCH-HARQ-ACK timing, which is shown in the Figure5.
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 Figure5: Dynamic indication of skipping with retransmission occasions

Proposal 7: In the delay window for retransmission, PDCCH monitoring can be only after PDCCH-PDSCH-HARQ-ACK timing and in few consecutive monitoring occasions.
For the SSSGs, the retransmission period would have different consideration. 

Assuming normal SSSGs, if a “sparse” SSSG switch to a “dense” SSSG, then there many not need a retransmission period. On the contrary, if a “dense” SSSG switch to a “sparse” SSSG, it would be better to set the retransmission period. However, this is also depending on how large the difference between the periodicity of the 2 SSSGs. But considering there would be even 3 SSSGs, we may not need to introduce retransmission control for SSSG switching. Still, we “empty” SSSG need that retransmission control. But we may not optimize it. 

However, the application delay of SSSG can be introduced as the UE need processing time to switch SSSG.
Proposal 8: Application time is to be introduced in SSSG switching.
2.6 Adaptation indication DCI formats

DCI formats include 1_1, 0_1, 1_2 and 0_2 would be used for indication of adaptation. They can share same structure for PDCCH monitoring adaptation. They already cover mainly used scheduling DCIs. The non-scheduled DCI formats would bring more PDCCH monitoring and would not be desirable from our point of view in saving UE detection power. It is also not clear how format 2_6/2_0 can be reused without increasing the DCI size budget in the active time. For dormant BWP indication, the non-scheduling format is used in CA case and may not be applicable to single carrier.
Proposal 9: No further DCI format other than 1_1, 0_1, 1_2 and 0_2 is used for triggering PDCCH monitoring adaptation.
3 Conclusion

In this contribution, we discussed the scheme for further reduce PDCCH monitoring based on DCI indication in case of connected-mode UE. 
As summary, we have proposals:
Proposal 1: Indication field for triggering PDCCH monitoring adaptation is unified.
The number of indication bits could be 1 or 2, depending on the number of adaptation behaviors configured.

Proposal 2: In case of indicating PDCCH search space sets groups by the DCI bits, a default SSSG is always configured.

If 3 SSSGs is configured simultaneously, restricted state transition should be applied in the adaptation.

Proposal 3: When multiple PDCCH search space groups are switchable, autonomous PDCCH monitoring adaptation to the default SSSG is triggered by timer.

Only one timer will be activated for the autonomous fallback adaptation of SSSG.

Proposal 4: The search space group switching indication in the DCI can also trigger cross-slot scheduling states.

In that case, the application delay of cross-slot is also applicable.
Proposal5:

For indication of 3 skipping durations, ‘11’ is Beh 1A with skipping duration 3.

For 2 SSSG switching, support 2 skipping duration indications.

Supporting Case 5, i.e., 3 SSSG switching and 1 skipping.

Proposal 6: Introduce a delay window in the PDCCH skipping indication, which is based on PDCCH-PDSCH-HARQ-ACK timing and re-scheduling timing.

Proposal 7: In the delay window for retransmission, PDCCH monitoring can be only after PDCCH-PDSCH-HARQ-ACK timing and in few consecutive monitoring occasions.
Proposal 8: Application time is to be introduced in SSSG switching.
Proposal 9: No further DCI format other than 1_1, 0_1, 1_2 and 0_2 is used for triggering PDCCH monitoring adaptation.
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