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1 Introduction
In this contribution, we further discuss various aspects on the PDCCH based power saving signal/channel design and power saving techniques focusing on the power saving signal/channel design outside active time.
2 PDCCH-based power saving signal design 

2.1 DCI format

The following agreements have been reached during RAN1#97 meeting for power saving signal/channel outside active time.

Agreements:

For power saving signal/channel configured outside Active Time, introduce a new DCI format for a UE, where the UE is configured to monitor the DCI format, with the power saving information for the UE in the DCI configurable by RRC

· FFS whether the DCI is in UESS or CSS or both
· FFS detailed configuration of the power saving information
· FFS the new DCI format
· Note: the same DCI may carry power saving information for one or more UEs

Agreements:

A new RNTI (e.g., PS-RNTI) is introduced for the PDCCH-based power saving signal/channel decoding at least outside Active Time, UE-specifically configured

· FFS how to use the PS-RNTI for scrambling of the PDCCH-based power saving signal/channel
Based on the above agreements, it can be seen that for outside active time, power saving signal is to carry at least one UE’s power saving information. It is noted that the power saving signal/channel can be configured to carry only one UE’s power saving information. As discussed in previous RAN1 meetings, DCI format that is similar as DCI format 2-2 can be used as power saving signal/channel to convey one or multiple UE’s power saving information. 

Proposal 1: DCI format that is similar as DCI format 2-2 is used for power saving signal/channel.
When the new DCI carries power saving information for more than one UE, a UE can be configured the power saving information index and/or the power saving information bit-length. With this method, the bit-length of the power saving information for different UEs shall be the same.

However, different UEs may work with different power saving techniques. For example, some UEs may be configured to use wake-up mechanism, MIMO-layer adaptation while some other UEs are configured with only wake-up mechanism. Therefore the bit-length of the power saving information for different UEs may be different. In such case, the starting bit position within the DCI and the bit-length shall be informed to each UE. The most efficient signalling method would be using the SLIV to indicate the starting and the length of the power saving information bits similar as PUSCH resource allocation type 1 or BWP configuration. 

In addition, since the DCI size is variable to carry different number of UEs’ power saving information. The DCI size shall be informed to the UE.

Proposal 2: For power saving signal/channel outside the active time, a SLIV is used to indicate the starting and the length of the power saving information bits within the DCI.

For the search space where to monitor the power saving signal/channel, the following agreement has been agreed.

Agreements:

· The new DCI format for power saving signal/channel is configured to be monitored at least in CSS.  

· FFS for UESS

As discussed above, since the DCI format could carry power saving information for one or more UEs, it would be a group-common DCI. Therefore, the DCI can be monitored in the CSS by the UE. We see there is no need to monitor the power saving signal/channel in USS.
Proposal 3: Outside the active time, the power saving DCI is monitored only in CSS.
For the power saving signal/channel outside the active time, we have agreed to support wake-up functionality. In addition, other functionalities such as MIMO layer adaptation/BWP adaptation could also be supported by the power saving signal/channel. Using power saving signal/channel to indicate MIMO layer adaptation/BWP adaptation can achieve timely power saving once the UE enters the active time and the UE can complete the adaptation procedure during the time GAP between the power saving signal/channel and the beginning of the DRX on duration.
Proposal 4: Outside the active time, power saving signal/channel can be used to indicate MIMO layer adaptation/BWP adaptation.

2.2 Whether UE monitor the power saving signal/channel within active time 

For power saving signal/channel, the PDCCH CORESET and PDCCH search space has been discussed in RAN1#97 meeting and the followings have been agreed.
Agreements(RAN1#97):

Support UE-specific configuration of the search space set(s) dedicated to the PDCCH-based power saving signal/channel for UE to monitor outside Active Time

· Following the principle of Rel-15 search space configuration

· FFS: the corresponding UE behaviour in monitoring the power saving signal/channel outside Active Time

· FFS whether UE can further monitor the search space set(s) inside Active Time
One remaining issue is whether the UE needs to monitor the search space set(s) for power saving signal/channel within the active time. Generally, the UE’s PDCCH monitoring behaviour is controlled by the MAC timers such as the DRX on-duration timer, DRX inactivity timer etc. Therefore, there is no need to use the power saving signal/channel to further control the UE’s PDCCH monitoring. Furthermore, if the UE monitor the search space set(s) within the active time, the DCI size budget issue would arise since a new DCI format would be used for the power saving signal/channel. It would complicate the UE’s behaviour to solve the DCI size budget issue. 

In addition, RAN2 has agreed the following:

1. From RAN2 point of view the UE does not monitor WUS during active time.

2. If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.

Therefore, we propose that within the active time, UE does not need to monitor the search space set(s) configured for power saving signal/channel outside the active time.
Proposal 5: Within the active time, UE does not need to monitor the search space set(s) configured for power saving signal/channel outside the active time.
2.3 PDCCH CORESET 

On the PDCCH CORESET, we have the following agreement and working assumption during RAN1#98.

Agreements:

· The maximum number of CORESETs for PDCCH-based power saving signal/channel outside Active Time is no larger than the max number that can be configured inside Active Time. 

Working assumption:

· The CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).

There have been intensive discussions on the PDCCH CORESET for power saving signal/channel. Based on the above discussion, the power saving signal/channel can share the PDCCH CORESET with other PDCCH search space sets, which is beneficial to reduce the signalling overhead.
 Furthermore, the gNB would configure the UE the PDCCH CORESET(s) (i.e., setting the TCI states) with beam management mechanism.  Therefore, the PDCCH CORESET(s) for power saving signal/channel shall be the same as or one subset of that of other PDCCH search spaces.

Proposal 6: Confirm the working assumption made in RAN1#98 meeting: The CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).

2.4 PDCCH search space

During RAN1#98 meeting, we have the following conclusion, which aims to give a way forward for the configuration of the offset between PDCCH based power saving signal and the start of the DRX on duration timer.  

Conclusion:

For next meeting, down select the following two alternatives: The configuration of the offset of the PDCCH-based power saving signal/channel  

· Alt1: Dedicated configuration with offset relative to the beginning of DRX ON

· Alt2: The Offset is based on search space configuration

· FFS: whether this applies to long DRX only or long/short DRX.

With alternative 1, dedicated configuration of the offset relative to the beginning of DRX On is used. The gNB can configure a proper timing offset based on the UE’s capability, i.e., how long it takes the UE to wake up from the sleeping state. 
For alternative 2, the offset is implicitly derived based on the PDCCH search space configuration. Within this method, it is preferred to configure the periodicity of PDCCH search space to be same as the DRX cycle. However, it is noted that based on the current 38.331, the periodicity of search space and the periodicity of DRX cycle are not fully aligned.  For some DRX cycle values such as 32, 64, 70 ms, there are not the same periodicities of PDCCH search space. To solve this issue, companies proposed that UE monitored the power saving signal/channel in the monitoring duration(s) nearest to and before the DRX on duration. However, when the DRX cycle is not the integer multiple of the periodicity of the PDCCH search space, e.g., when the DRX cycle is 64ms and the periodicity of the PDCCH search space is 20ms. The offset between the DRX on and the nearset PDCCH search space would be variable, from 4ms to 16ms as shown in Figure 1. The consequent variable offset may not match UE’s power saving characteristic, i.e., a too long offset would cause the UE to wake up much earlier than required thus the power saving is deteriorated.
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Figure 1 variable offset between PSS and DRX ON
Therefore, we propose that dedicated configuration of the offset relative to the beginning of DRX ON as in alternative 1 is used.
Proposal 7: Dedicated configuration of the offset relative to the beginning of DRX ON is adopted.
It is noted that the PDCCH search space configuration itself has parameter such as monitoringSlotPeriodicityAndOffset to indicate the slots that contain the PDCCH monitoring occasions. If the above dedicated configuration of the offset is used, the parameters to indicate the slots of the PDCCH monitoring occasions in the PDCCH search space configuration are skipped by the UE.
Proposal 8: The parameters to indicate the slots of the PDCCH monitoring occasions in the PDCCH search space configuration are skipped by the UE.

2.5 Power saving signal/channel with respective of BWP(s)
During RAN1#98 meeting, we have the following working assumption regarding the power saving signal/channel configuration.
Working assumption:

UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.   

The motivation of the above working assumption is to let the UE monitor the power saving signal in the active BWP thus avoid the BWP switching for power saving signal monitoring. 
Proposal 9: Confirm the working assumption: UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.
Since the UE will monitor the power saving signal in the active BWP, one question would arise that what is the UE’s behaviour if there is no power saving configuration for an active BWP. In our understanding, a simple way for the UE in this case is to follow the legacy DRX operation. If the gNB configures the UE to operate in a BWP without power saving signal configuration, it may mean there would be heavy traffic in this BWP and power saving signal would not be necessary. When the data transmission is completed, the gNB can switch the UE to another BWP with power saving signal.

Proposal 10: For an active BWP without power saving configuration, the legacy UE’s behaviour (e.g., DRX operation) is followed.  
2.6 Power saving signal applied to short DRX cycle?

During RAN1#98 meeting, whether power saving shall be applied to both long DRX cycle and short DRX cycle has been discussed. Some companies have proposed power saving signal shall also be configured for short DRX cycle for power saving. In our understanding, the UE enters short DRX cycle when there is once data scheduling within the long DRX cycle. Generally, there would be subsequent data arrival once the short DRX cycle is enabled. In addition, the periodicity of short DRX cycle is much shorter thus there would be very short time duration for the UE to enter sleeping mode to get power saving gains. On the other hand, for short DRX, it would be difficult to configure the power saving signal with a timing offset before the DRX ON due to the short DRX cycle. 

Therefore, we propose power saving signal is not applied to short DRX cycle.
Proposal 11: Power saving signal is NOT applied to short DRX cycle.

2.7 Handling of miss detection of power saving signal/channel 

In the conclusion of TR 38.840, it’s agreed to handle the mis-detection of PSS (power saving signal):

UE behaviour in case of mis-detection of the PDCCH-based power saving signal/channel for wake-up purpose should also be addressed in the WI phase.

Miss-detection of PDCCH power saving signal would mean that the gNB actually sends it but UE does not receive it. The UE doesn’t know whether it has missed the power saving signal or the gNB hasn’t transmitted the power saving signal. Therefore it may have impact on the scheduling performance since the UE does not monitor PDCCH while the network actually wants the UE to monitor PDCCH in this case.
In order to handle the miss detection issue, some proposals have been proposed during previous RAN1 meetings. One is to feedback HARQ-ACK for the power saving signal. However, there are some adverse aspects needs to be considered. The power saving signal may be a Group-common DCI to convey multiple UE’s power saving information. How to feedback HARQ-ACK for group-common DCI, e.g., how to derive the PUCCH resources, may require complicate design. In addition, sending HARQ-ACK would consume UE’s power which will deteriorate the UE’s power saving. Therefore, feedback HARQ-ACK may not be a good option.

Another direction that has been proposed and discussed is to define the default behaviour to handle the miss detection issue. There are two options could be considered as following:

· Option 1: the UE wakes up and starts the on-duration timer when PSS is not detected

· Option 2: the network configures whether the UE wakes up and starts the on-duration timer when PSS is not detected
With option 1, when PSS is not detected the UE will wake up and begin to monitor PDCCH in the DRX ON duration. The scheduling performance could be guaranteed. In some case when the network indicates the UE NOT to wake up but the UE misses the power saving signal, there would be some power saving gain loss with this option 1. 

Option 2 has all the merits of option 1 when the network configures the UE to wake up and start the on duration timer when PSS is not detected. Furthermore, when the UE’s service is delay tolerant, the gNB could configure the UE not to wake up and start the on duration timer when PSS is not detected therefore much more power saving gain could be achieved.  
In addition, with the above default behaviour, the network has more freedom to decide whether to send power saving signal to the UE. For example, when the network wants the UE to wake up but does not have sufficient resources to send the power saving signal, the network can skip to send the power saving signal. Such flexibility would be beneficial for the network to enable the power saving techniques in real deployment.

Proposal 12: The following two options can be considered when defining the UE’s default behaviours:
· Option 1: the UE wakes up and starts the on-duration timer when PSS is not detected

· Option 2: the network configures whether the UE wakes up and starts the on-duration timer when PSS is not detected

3 Conclusion

In this contribution, we discussed on various aspects of the PDCCH-based power saving signal/channel. Based on the discussion, we have the following proposals:
Proposal 1: DCI format that is similar as DCI format 2-2 is used for power saving signal/channel.
Proposal 2: For power saving signal/channel outside the active time, a SLIV is used to indicate the starting and the length of the power saving information bits within the DCI.

Proposal 3: Outside the active time, the power saving DCI is monitored only in CSS.
Proposal 4: Outside the active time, power saving signal/channel can be used to indicate MIMO layer adaptation/BWP adaptation.
Proposal 5: Within the active time, UE does not need to monitor the search space set(s) configured for power saving signal/channel outside the active time.
Proposal 6: Confirm the working assumption made in RAN1#98 meeting: The CORESET for power saving signal/channel outside Active Time can be associated with (in addition to search space set for power saving signal/channel) other search space set(s).

Proposal 7: Dedicated configuration of the offset relative to the beginning of DRX ON is adopted.
Proposal 8: The parameters to indicate the slots of the PDCCH monitoring occasions in the PDCCH search space configuration are skipped by the UE.
Proposal 9: Confirm the working assumption: UE monitors the PDCCH-based power saving signal/channel outside Active Time being configured on the active BWP in an active cell.
Proposal 10: For an active BWP without power saving configuration, the legacy UE’s behaviour (e.g., DRX operation) is followed.  

Proposal 11: Power saving signal is NOT applied to short DRX cycle.
Proposal 12: The following two options can be considered when defining the UE’s default behaviours:

· Option 1: the UE wakes up and starts the on-duration timer when PSS is not detected

· Option 2: the network configures whether the UE wakes up and starts the on-duration timer when PSS is not detected
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