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1 Introduction

In SID RP-181463, the objectives for UE power saving in RRC Connected mode are as follows:

1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information
ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme

b) Study the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics

In the latest TR 38.840, some progresses on DRX adaptation have been made, as follows:
The power saving scheme of power saving signal triggering UE adaptation to DRX operation is to configure the power saving signal before or at the beginning of the DRX ON duration to trigger UE waking up only when there is DL data arrival. UE is not required to wake up at the DRX ON at least for PDCCH monitoring, if the power saving signal is not detected. The go-to-sleep signaling is used as the indication allowing UE going back to sleep state after completion of PDSCH reception during the DRX ON period to further reduce the UE power consumption.   
For power saving scheme with UE adaptation to the DRX operation for further study
·  UE adaptation of its behavior to the DRX operation for UE power consumption reduction

· When is configured with power saving signal/channel, power saving signal/channel as the indication whether to wake up or not before or at the beginning of DRX ON duration

· At least for the indication of PDCCH monitoring
· Preparation period is used for (e.g., to perform channel tracking, CSI measurements, beam tracking). 

· Preparation period can be used in preparation for the PDCCH decoding

· Preparation period could be before or during the DRX ON duration

· Network can indicate UE to report CSI before or after the power saving signal/channel (if configured) during the preparation period 

· Network can indicate additional RS transmission (e.g., CSI-RS, TRS, SSB and power saving signal) at the preparation period

· Go-to-sleep signaling as the indication allowing UE going back to sleep state

· MAC-CE 

· DCI 

· Power saving signal/channel

· Constraints on scheduling DCI during DRX_ON

· Dynamic DRX configuration including at least the following 

· UE is configured with multiple DRX configurations
· Dynamic selection of DRX configuration by gNB from multiple DRX configurations (e.g., traffic, mobility) 

· UE assistance information may be considered
· Adaptive parameters setting of one DRX configuration 

· UE assistance information may be considered

· DRX parameters are indicated by gNB

· Adaptive UE behavior in the DRX operation (e.g, restart the inactivity timer)

In this contribution, we discuss the possible impacts to RAN2 based on the RAN1’s progress on DRX, and possible enhancements on DRX procedure from RAN2 perspective to save power.
2 Discussion

2.1 Impacts of wake-up and go-to-sleep signallings
As captured in TR 38.840, wake-up signalling and go-to-sleep signalling were discussed in RAN1 and they are identified as beneficial for UE power saving. For wake-up signalling, it’s saying:
“The power saving scheme of power saving signal triggering UE adaptation to DRX operation is to configure the power saving signal before or at the beginning of the DRX ON duration to trigger UE waking up only when there is DL data arrival. UE is not required to wake up at the DRX ON at least for PDCCH monitoring, if the power saving signal is not detected.”
It’s observed that the wake-up signalling has two forms, wake-up signal and wake-up channel. Wake-up signalling can be configured by network, when it’s configured, for wake-up signal it’s used to indicate whether to wake-up before DRX ON duration. In other words, UE monitors wake-up signal before starting drx-onDurationTimer. When the wake-up signal is detected, the UE starts drx-onDurationTimer, thus UE monitor PDCCH during DRX Active Time, and otherwise, UE does not start drx-onDurationTimer. By this means, network is able to control whether UE needs to “wake-up” periodically based on the configured DRX cycle, so that there are power saving gains when UE is not supposed to wake up.
For wake-up channel, it’s similar to wake-up signal. UE starts/restarts periodically based on the configured DRX cycle. When wake-up channel is not detected, UE is allowed to go to sleep immediately. For wake-up channel, it can be PDCCH based on RAN1 design by modification the DCI formats so that it can be used indicate whether UE goes to sleep or not. Thus, compared with wake-up signal, it causes less specification impacts to both RAN1 and RAN2.

Observation 1 Wake-up signalling (signal/channel) is used to indicate whether the UE will wake up before or at the beginning of DRX ON duration. 

For go-to-sleep signalling, as captured in the TR, it’s an indication to allow UE to go to sleep immediately. Actually, in current MAC specification, go-to-sleep signalling is already supported by the DRX Command MAC CE and the Long DRX Command MAC CE, as in following:
1>
if a DRX Command MAC CE or a Long DRX Command MAC CE is received:

2>
stop drx-onDurationTimer;

2>
stop drx-InactivityTimer.

In other words, when UE receives either the MAC CE, it stops both “drx-onDurationTimer” and “drx-InactivityTimer” so that UE does not monitor PDCCH if no other timers are running. 
Observation 2 Go-to-sleep signalling is an indication from gNB for allowing UE to go to sleep immediately, which is similar to the DRX Command MAC CE or the Long DRX Command MAC CE. 

From RAN2 perspective, either wake-up signal or wake-up channel has impact on DRX procedure. If RAN1 decides to introduce either of them, RAN2 would need to discuss the impacts to DRX procedure. However, whether to introduce wake-up signalling is in the scope of RAN1. For go-to-sleep signalling, the DRX Command MAC and the Long DRX Command MAC CE are already supported to stop both “drx-onDurationTimer” and “drx-InactivityTimer”. The behaviour is similar to what are being discussed in RAN1 in terms of go-to-sleep signalling. Currently, the motivation of introducing new forms of go-to-sleep signalling is not clear to RAN2, so RAN2 can wait until further decision is made in RAN1.
Observation 3 The motivation of introducing new forms of go-to-sleep signalling is not clear to RAN2, given already supported the DRX Command MAC CE or the Long DRX Command MAC CE. 

Proposal 1 Whether to introduce wake-up signalling (signal or channel) and/or go-to-sleep signalling is in the scope of RAN1.
Proposal 2 RAN2 can at least discuss the possible impacts of wake-up signal/channel on DRX procedure.
2.2 Multiple DRX configurations
In R15 specification, the DRX configuration is per MAC entity, which means all the serving cells belonging to the MAC entity will be applied with the same DRX configuration. If the DRX configuration is found to be not proper, the network must re-configure it. There are several drawbacks to configure only one DRX per MAC entity:
· UE may carry different types of services, e.g., voice, gaming, instant message etc. Those services may have different characteristics, e.g., latency requirement, packet size, and packet arrival rate. A single DRX configuration is difficult to meet the requirements of all types of services in terms of the UE power saving and QoS.
· Compared with LTE, L1 parameters can be more flexible. For example, the UE can be configured with up to 4 BWPs per serving cell. For each configured BWP, there are up to 3 CORESETs configured. Each CORESET can be associated with one or several search space. Different search space may be configured with different PDCCH monitoring periods. Given such a flexible configuration, one single DRX configuration is not suitable for all the configurations. 
Instead of configuring a single DRX per MAC entity, it would be beneficial to configure multiple DRXs per MAC entity. Each DRX is configured specifically for a type of service. For example, for URLLC service, the DRX cycle can be configured with relative short compared to that for MBB service in order to meet the delay requirement. However, for MBB service, the DRX cycle can be configured relatively long in order to have more power saving gain. With multiple DRX configurations per MAC entity, it enables network to configure more flexible DRX along with L1 parameters.
Observation 4   It’s beneficial to configure multiple DRXs per MAC entity.

With multiple DRX configurations, we think different DRX configurations can be associated with different levels:

· Serving cell specific DRX configuration: network may associate DRX with different serving cell(s). For each specific serving cell, the PDCCH monitoring behaviour is independent depends on the associated DRX configuration. For example, as an example shown in the figure below, serving cell 1 and serving cell 2 are configured with different DRX configurations. The DRX cycle of serving cell 1 is shorter than that of serving cell 2. Besides, when PDCCH scheduling new transmission is received on serving cell 1, the UE only starts the drx-InactivityTimer for the DRX associated with serving cell 1.
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Figure 1 Serving cell specific DRX configuration
· BWP specific DRX configuration: network may associate DRX with different BWP(s) which is similar with serving cell specific DRX configuration. The UE monitors PDCCH according to the DRX configuration associated with the BWP. When BWP is switched, the associated DRX configuration is also switched. With such association, network can configure more flexible DRX with different BWP. 
· CORESET/Search space specific DRX configuration: with CORESET or search space specific DRX configuration, UE may have different PDCCH monitoring behaviour for different CORESET or search space depending on the associated DRX configuration. As an example shown below, two CORESETs are configured with different DRX configuration associated. For the Active Time determined by DRX cycle 1, the UE only needs to monitor PDCCH for CORESET 1 and for the Active Time determined by DRX cycle 2, the UE only needs to monitor PDCCH for CORESET 1. With such configurations, the number of blind decoding for PDCCH can be reduced for the non-overlapped Active Time of these two DRX configurations.
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Figure 2 CORESET specific DRX configuration
Observation 5 DRX can be configured in different levels, e.g., CORESET specific DRX, BWP specific DRX, or Serving Cell specific DRX. 
Proposal 3 Support multiple DRX configurations per MAC entity;
Proposal 4 RAN2 to further study in what level the DRX can be configured, for example, CORESET specific DRX, BWP specific DRX, or Serving Cell specific DRX.
2.3 Enhancements on drx-InactivityTimer
For the current DRX procedure, drx-InactivityTimer is configured with the following values:

    drx-InactivityTimer                 ENUMERATED {

                                            ms0, ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60, ms80,

                                            ms100, ms200, ms300, ms500, ms750, ms1280, ms1920, ms2560, spare9, spare8,

                                            spare7, spare6, spare5, spare4, spare3, spare2, spare1},

The drx-InactivityTimer is triggered when PDCCH scheduling new transmission is received (TS 38.321):

1>
if the PDCCH indicates a new transmission (DL or UL):

2>
start or restart drx-InactivityTimer in the first symbol after the end of the PDCCH reception.

Observation 6 drx-InactivityTimer is triggered when PDCCH indicating a new transmission is received.

However, once the drx-InactivityTimer is configured, the UE has to start/restart the drx-InactivityTimer when PDCCH scheduling new transmission is received. In other words, the Active Time would have to be extended even though there is no follow-up scheduling during the extended Active Time. From the UE perspective, it causes extra power consumption. From network perspective, currently DRX Command MAC CE or a Long DRX Command MAC CE can be used to stop drx-InactivityTimer if the network wants to. However, this would be not so flexible and.
Observation 7 Current triggering drx-InactivityTimer mechanism would cause extra power consumption, and it’s not flexible for the network to control drx-InactivityTimer , especially when there is no following up downlink scheduling after PDCCH transmission.

Some enhancements can be considered for the drx-InactivityTimer:
· Option 1: the PDCCH can be enhanced, so that it can indicate whether to start the drx-InactivityTimer or not. With this option, UE is configured with a drx-InactivityTimer, when PDCCH scheduling new transmission is received, UE would also be informed whether to start drx-InactivityTimer or not. If drx-InactivityTimer is indicated to start, the UE will start the drx-InactivityTimer. Otherwise, the drx-InactivityTimer is not started.
· Option 2: an alternative is to configure multiple drx-InactivityTimers with different value per DRX configuration. Network can explicitly indicate which drx-InactivityTimer should be started. Option 1 is actually a special case of option 2. For example, network can configure a drx-InactivityTimer with value 0ms. If network does not want to start drx-InactivityTimer, it can explicitly indicate the drx-InactivityTimer with 0ms among other configured drx-InactivityTimers..
Proposal 5 Multiple drx-InactivityTimers can be configured per DRX configuration

Proposal 6 UE can be indicated which drx-InactivityTimer is used, e.g., by PDCCH.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
Wake-up signalling (signal/channel) is used to indicate whether the UE will wake up before or at the beginning of DRX ON duration.
Observation 2
Go-to-sleep signalling is an indication from gNB for allowing UE to go to sleep immediately, which is similar to the DRX Command MAC CE or the Long DRX Command MAC CE.
Observation 3
The motivation of introducing new forms of go-to-sleep signalling is not clear to RAN2, given already supported the DRX Command MAC CE or the Long DRX Command MAC CE.
Observation 4
It’s beneficial to configure multiple DRXs per MAC entity.
Observation 5
DRX can be configured in different levels, e.g., CORESET specific DRX, BWP specific DRX, or Serving Cell specific DRX.
Observation 6
drx-InactivityTimer is triggered when PDCCH indicating a new transmission is received.
Observation 7
Current triggering drx-InactivityTimer mechanism would cause extra power consumption, and it’s not flexible for the network to control drx-InactivityTimer , especially when there is no following up downlink scheduling after PDCCH transmission.
Proposal 1
Whether to introduce wake-up signalling (signal or channel) and/or go-to-sleep signalling is in the scope of RAN1.
Proposal 2
RAN2 can at least discuss the possible impacts of wake-up signal/channel on DRX procedure.
Proposal 3
Support multiple DRX configurations per MAC entity;
Proposal 4
RAN2 to further study in what level the DRX can be configured, for example, CORESET specific DRX, BWP specific DRX, or Serving Cell specific DRX.
Proposal 5
Multiple drx-InactivityTimers can be configured per DRX configuration
Proposal 6
UE can be indicated which drx-InactivityTimer is used, e.g., by PDCCH.
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