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Introduction 
In RAN1 #106-e, package 1 in the following agreement was adopted to realize Rel-17 power saving adaptation. In this contribution, we will further discuss the configuration of UE behavior of the package 1 in Section 2 and the detailed settings of the UE behaviors in Section 3. Finally, we will discuss how to handle data retransmission when PDCCH monitoring is skipped/SSSG switching happens in Section 4.
	Agreement
Select either package 1 or package 2
Package 1
       UE behavior after receiving PDCCH indication of monitoring adaptation can be one of the followings,
· Working Assumption: Beh 1: PDCCH skipping is not activated
· Beh 1A: PDCCH skipping means stopping PDCCH monitoring for a duration X
· FFS the possible values for X
· FFS: Whether and how to support more than one skipping duration(s)
· FFS: whether to continue monitoring PDCCH scrambled by C-RNTI for Type 0/1/1A/2 CSS or not
· Beh 2: stop monitoring SS sets associated with SSSG#1 and SSSG#2 (if confirmed) and monitoring  of SS sets associated to SSSG#0 (legacy behaviour)
· Beh 2A: stop monitoring SS sets associated with SSSG#0 and SSSG#2 (if confirmed)  and monitoring  of SS sets associated to SSSG#1 (legacy behaviour)
· Working Assumption: Beh 2B(if confirmed): stop monitoring SS sets associated with SSSG#0 and SSSG#1 and monitoring  of SS sets associated to SSSG#2 (if confirmed)
       Note: The number of supported SSSG is left to UE feature discussion.
       FFS: UE capability of supported UE behaviors
       Indication of Beh 1A when SSSG(s) are not configured is supported.
       Working assumption: Indication of  Beh 1A for current SSSG when two SSSG(s) are configured is supported
       FFS: Indication of  Beh 1A when three SSSG(s) (if supported) are configured
       Y bits is configured for scheduling DCIs (i.e., DCI format 1-1/0-1/1-2/0-2) indicating PDCCH schedules data and also PDCCH monitoring adaptation
· FFS how the UE behavior(s) defined above mapping to Y bits
  Note: at most Y = 2
       Working Assumption at most 3 SSSGs is supported to be configured.
· FFS: whether or how SSSG can be configured to be monitored conditionally (e.g., depending on HARQ NACK or RTT/ReTx timers)
· FFS: whether or how non-default SSSG to another non-default SSSG
       FFS details of timer(s) for switching between SSSG(s)
· UE fallbacks to default SSSG (i.e., SSSG#0) after timer expiration.
· R16 timer for SSSG switching and the corresponding behavior is as baseline
       FFS whether the timer(s) is configured per SSSG, or per BWP or other approaches.
       FFS whether the skipping duration(s) is configured per SSSG, per BWP, or other approaches.
       FFS PDCCH monitoring adaptation indicated by non-scheduling DCI
       PDCCH based monitoring adaptation is limitedapplied to USS and type-3 CSS

Agreement 
Package 1 in above agreement is selected.




[bookmark: _Ref83736001]Configuration of UE behaviour in Package 1
The main intention of package 1 is to make network more flexible to use Rel-17 DCI-based adaptation. Network can configure a set of power saving behaviors for UE through RRC configuration and further indicate which one is used by DCI-based signaling. According to the UE behaviors in package 1, three reasonable configurations are listed as follows:

· Beh 1 + Beh 1A (without any SSSG switching mechanism)
· Beh 2 + Beh 2A + Beh 2B (3 SSSG framework)
· Beh 2 + Beh 2A + Beh 1A (2 SSSG framework + 1 skipping duration)

In our view, from the perspective of UE implementation complexity, it is not reasonable to force UE to always support all behaviors in package 1. Before configuring the power saving behavior(s), the network should take the UE capability into consideration. The details of UE capability of supported UE behaviors can refer to our companion contribution [1]. Therefore, we have the following proposal.

[bookmark: _Ref78945344][bookmark: _Ref84031446][bookmark: _Ref79075308]Proposal 1: Given UE capability of supported UE behaviors, confirm all working assumptions in package 1.

[bookmark: _Ref83736029]Details of UE behavior
As our previous studies [2], at most three monitoring behaviors are needed in Rel-17. One is per-slot monitoring, another is PDCCH skipping for a duration, and the other is periodical PDCCH monitoring, as shown in Figure 1. They can be used to trade off data efficiency and UE power saving gain in different scenarios:

· Per-slot monitoring:
It should be the default monitoring behavior during the scheduling of data packets to maximize network data efficiency.
· PDCCH skipping for a duration: 
If there is no downlink data for the UE, gNB can indicate the UE to switch to this behavior after the last TB scheduling. It is very useful for power saving with downlink centric traffic/service, such as FTP.
· Periodical PDCCH monitoring:
For some use cases, keeping periodical PDCCH monitoring is useful. Take AR/VR traffic for example, the uplink packet delay budget is only 30 msec, and skipping a long duration is not practical. Also, UE needs to monitor potential scheduling of uplink retransmission. Consequently, periodical PDCCH monitoring is preferred.

[bookmark: _Ref84031599]Observation 1: At most 3 PDCCH monitoring behaviors are needed for Rel-17 power saving adaptation. 
· Per-slot monitoring: The default monitoring behavior during scheduling of data packets
· PDCCH skipping for a duration: Switch to this behavior after the last TB scheduling
· Periodical PDCCH monitoring: Switch to this behavior when there is potential timing critical data scheduling (e.g., for AR/VR UL traffic)
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[bookmark: _Ref78862430][bookmark: _Ref79075415]Figure 1. The Rel-17 PDCCH adaptation for reducing PDCCH monitoring

As discussed in Section 2, the network can configure PDCCH monitoring behaviors for UE based on UE capability. The details of UE behaviors should be further discussed. In Section 3.1 and 3.2, we provide the details of Beh 1A and Beh 2/2A/2B, respectively. In Section 3.3 and 3.4, we further discuss the remaining issues of using scheduling DCI/non scheduling DCI for power saving adaptation.

[bookmark: _Ref83740998]Beh 1A: PDCCH skipping for a duration
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 for Type 0/1/1A/2 CSS. In our view, since UE can monitor PDCCH after the skipping duration, there is no strong need to monitor PDCCH scrambled by C-RNTI in Type 0/1/1A/2 CSS during skipping duration. In addition, if it is allowed, we should further discuss additional data retransmission handling during the skip duration if the data is not decoded/transmitted successfully. To simplify the mechanism, we have the following proposal.

[bookmark: _Ref84031448]Proposal 2: Monitoring PDCCH scrambled by C-RNTI for Type 0/1/1A/2 CSS in Beh 1A is not supported.

Regarding the skipping duration X, in our previous study, the skipping duration which is similar to but smaller than inactivity timer can be used to trade off data efficiency and UE power saving gain.  Thus, the range of skipping duration X can be [2ms, 200ms]. The granularity is left for FFS.

[bookmark: _Ref84031452]Proposal 3: Support skipping duration X in the range of [2ms, 200ms].  FFS granularity.

In addition, according to our analysis in [3], we cannot find the scenarios that multiple skipping durations is beneficial. And we also have the question about how to implement multiple skipping durations and how network can predict the arrival time of next packet. Thus, we do not support multiple skip durations in Beh 1A.

[bookmark: _Ref84031454]Proposal 4: Only one skipping duration is supported in Beh 1A.

[bookmark: _Ref83741000]Beh 2 related: SSSG based mechanism
Beh 2 related behaviors are used to realize SSSG switching mechanism. No matter how many SSSGs are configured in the Rel-17 power saving adaptation, it is necessary and important to clarify the state machine of SSSG switching, e.g., which SSSG UE should switch to. 

One remaining issue for SSSG switching is which SSSG the UE should switch to after timer expiration. Along the principle of Rel-16 timer for SSSG switching, the UE can always fallback to default SSSG, i.e., SSSG#0, after timer expiration to keep the state machine simple. In addition, to have a unified UE behavior, the same principle can be adopted for PDCCH skipping after skipping duration if Beh 1A is configured together with SSSG switching.

[bookmark: _Ref84031456]Proposal 5: If SSSG switching, i.e., Beh 2/2A/2B, is configured, the UE fallbacks to default SSSG, i.e., SSSG #0 after timer expiration or after skipping duration (if Beh 1A is configured).

Regarding whether to support additional timer if three SSSG are configured, we don’t see the need to introduce additional timer. That is, only one SSSG timer is configured. Once a UE receives an indication which makes the UE switch to a non-default SSSG, i.e., SSSG#1 or SSSG#2, the SSSG timer is reset. And the UE fallbacks to the default SSSG after timer expiration. 

[bookmark: _Ref84031457]Proposal 6: Only one SSSG timer is supported when three SSSG are configured. 


[bookmark: _Ref83784278]Details of the scheduling DCI
In RAN1 # 106-e, one of the agreements is to discuss the detail of scheduling DCI.
	Agreement
· 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




One of the FFS is whether the bit size of the indication is configurable. Because the network can configure the PDCCH monitoring behavior(s) based on the reported UE capability, the bit size can be derived based on the number of configured behavior. Therefore, there is no need to configure the number of bit from network.
  
[bookmark: _Ref84031458]Proposal 7: The bit size of the indication is not configurable because it can be derived based on the number of configured behaviors.

Based on the possible configurations, we also provide the table of bit mapping to the PDCCH monitoring behavior in Table 1.
[bookmark: _Ref83782564]Table 1: Bit field content and number of bit mapping to PDCCH monitoring behavior
	Bit field content
	1+1A (1-bit DCI field)
	2+2A+2B (2-bit DCI field)
	2+2A+1A (2-bit DCI field)

	“0”
	Beh 1: Per slot monitoring 
	Beh 2: Per slot monitoring
	Beh 2: Per slot monitoring

	“1”
	Beh 1A: PDCCH skipping 
	Beh 2A: SSSG 1 monitoring
	Beh 2A: SSSG 1 monitoring

	“2”
	N/A
	Beh 2B: SSSG 2 monitoring
	Beh 1A: PDCCH skipping

	“3”
	N/A
	Reserved
	Reserved




Regarding the indication of multiple cells, in our understanding, UE may receive Rel-17 power saving indicator when the last TB is transmitted. However, each cell has its own data traffic. The time of the last TB transmission will differ from each carrier. In the aspect of signaling overhead, once network tries to change the behavior of one of the carriers, it has to transmit the bits for all carriers in the DCI. It does not have benefit in reducing signaling overhead. 

[bookmark: _Ref84031460]Proposal 8: To reduce the signaling overhead, the indication of multi-cell is not supported.

[bookmark: _Ref83804958]Discussion on non-scheduling DCI indication
One remaining issue is whether to support non-scheduling DCI indication. As discussed in Section 3.3, the scheduling DCI which adapts to the data traffic can achieve larger power saving gain without introducing large signaling overhead. Moreover, due to the limited time, the discussions on scheduling DCI indication should be prioritized. 

[bookmark: _Ref84031461][bookmark: _Ref78945203][bookmark: _Ref71657642]Proposal 9: Deprioritize the non-scheduling DCI indication.

[bookmark: _Hlk72800156]Interaction with HARQ/retransmission
As illustrated in Figure 2, UE can skip PDCCH monitoring after receiving Rel-17 power saving indication in the scheduling DCI. In order not to block the possible data retransmission, a mechanism on retransmission handling is needed. 

[image: ]
[bookmark: _Ref79071483][bookmark: _Ref79109761]Figure 2. PDCCH adaptation has impact on data scheduling

One simple solution is that: UE gets the HARQ-ACK information, i.e., ACK or NACK, for the data reception during the check duration. Then, UE can determine whether to keep PDCCH monitoring/switch to the indicated SSSG depending on the HARQ-ACK information. 

If HARQ-ACK information is valid (situation 1, about 90% of DL data scheduling), i.e., data is decoded successfully, the UE can switch to the indicated behavior (e.g. Beh 1A) after the check duration. Otherwise (situation 2, about 10% of DL and UL data scheduling), the UE keeps PDCCH monitoring for the possible retransmission scheduling in retransmission duration as illustrated in Figure 3. To ensure sufficient time for getting the HARQ-ACK information, the check duration can be set as “k0+k1” and “k2” in DL and UL, respectively.

[bookmark: _Ref84031463]Proposal 10: Introduce retransmission duration where the UE should keep PDCCH monitoring for possible PDSCH/PUSCH retransmission. The UE starts the retransmission duration if PDSCH is not decoded successfully or PUSCH is transmitted. 

[bookmark: _Ref84031464]Proposal 11: Introduce the check duration where the UE determines whether to start retransmission duration.
· 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.
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[bookmark: _Ref84004477][bookmark: _Ref84034072]Figure 3. Retransmission handling depending on HARQ process


The retransmission duration can be set as time length of RTT and retransmission timer of DRX configuration. The UE keeps PDCCH monitoring during the retransmission duration for the possible retransmission scheduling. Whether the UE can skip PDCCH monitoring in RTT timer is left for UE implementation. 

[bookmark: _Ref78945349][bookmark: _Ref79075326][bookmark: _Ref84031485]Proposal 12: The retransmission duration for DL/UL can be set to the sum of RTT and retransmission timer of DRX configuration.
· drx-HARQ-RTT-TimerDL + drx-RetransmissionTimerDL for downlink scheduling.
· drx-HARQ-RTT-TimerUL + drx-RetransmissionTimerUL for uplink scheduling.
· Note: whether UE can skip monitoring in RTT timer is left for UE implementation.
· FFS: UE behavior when receive DL and UL indications of different retransmission time durations 


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: Given UE capability of supported UE behaviors, confirm all working assumptions in package 1.

Observation 1: At most 3 PDCCH monitoring behaviors are needed for Rel-17 power saving adaptation.
· Per-slot monitoring: The default monitoring behavior during scheduling of data packets
· PDCCH skipping for a duration: Switch to this behavior after the last TB scheduling
· Periodical PDCCH monitoring: Switch to this behavior when there is potential timing critical data scheduling (e.g., for AR/VR UL traffic)

Proposal 2: Monitoring PDCCH scrambled by C-RNTI for Type 0/1/1A/2 CSS in Beh 1A is not supported.

Proposal 3: Support skipping duration X in the range of [2ms, 200ms].  FFS granularity.

Proposal 4: Only one skipping duration is supported in Beh 1A.

Proposal 5: If SSSG switching, i.e., Beh 2/2A/2B, is configured, the UE fallbacks to default SSSG, i.e., SSSG #0 after timer expiration or after skipping duration (if Beh 1A is configured).

Proposal 6: Only one SSSG timer is supported when three SSSG are configured.

Proposal 7: The bit size of the indication is not configurable because it can be derived based on the number of configured behaviors.

Proposal 8: To reduce the signaling overhead, the indication of multi-cell is not supported.

Proposal 9: Deprioritize the non-scheduling DCI indication.

Proposal 10: Introduce retransmission duration where the UE should keep PDCCH monitoring for possible PDSCH/PUSCH retransmission. The UE starts the retransmission duration if PDSCH is not decoded successfully or PUSCH is transmitted.
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Figure 3. Retransmission handling depending on HARQ process

Proposal 11: Introduce the check duration where the UE determines whether to start retransmission duration.
· 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.

Proposal 12: The retransmission duration for DL/UL can be set to the sum of RTT and retransmission timer of DRX configuration.
· drx-HARQ-RTT-TimerDL + drx-RetransmissionTimerDL for downlink scheduling.
· drx-HARQ-RTT-TimerUL + drx-RetransmissionTimerUL for uplink scheduling.
· Note: whether UE can skip monitoring in RTT timer is left for UE implementation.
· FFS: UE behavior when receive DL and UL indications of different retransmission time durations 
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