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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 BWP adaptation have been made as follows:
The UE BWP adaptation is to dynamically switch the BWP by gNB based on, e.g., the traffic to support efficient operation of BWP switching in reducing the UE power consumption. The UE power saving schemes for the UE adaptation in frequency domain for further study are as follows, 
· BWP -  UE adaptation to different BWP

· RS to assist UE channel tracking and measurements to assist BWP switching  

· The assistance may also include CSI measurements (UE processes one BWP at a time)

· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching

· Association of BWP and DRX

· UE assistance information could be considered

In this contribution, we discuss the possible impacts to RAN2 on BWP operation.
2 Discussion

2.1 Some background on BWP operations
In NR, network can configure up to 4 BWPs for DL and UL. At any given time, there is only one active BWP for DL and UL respectively. In current specification, there are four ways to switch the active BWP to another configured BWP:

· DCI-based BWP switching;

· RRC-based BWP switching;

· Timer-based BWP switching;

· BWP switching due to RACH initiated;

In general, BWP switching for a Serving Cell is used to activate an inactive BWP and deactivate an active BWP at a time. The BWP switching triggered by DCI or RRC signalling is controlled by network, for example, when UE requires high data throughput the network can switch the UE to BWP with larger bandwidth. For timer-based BWP switching, i.e., due to expiry of bwp-InactivityTimer, it makes the UE switch to a default/initial BWP. Normally, the initial/default BWP is configured with small bandwidth, so that it’s friendly to UE power saving when current active BWP is without data transmission for a certain time.

For BWP switching due to RACH initiation, if the active UL BWP is not configured with PRACH occasions, the UE will autonomously switches to the initial BWP, and also the downlink active BWP will be switched to the initial BWP. If the active UL BWP is configured with PRACH occasions, UE would switch the downlink active BWP to the BWP with the same BWP ID as the active uplink BWP. In some senses, the BWP switching due to RACH can be regarded as UE proactive BWP switch, since until the network can identify the UE when RACH is successful, the network is not aware of the BWP switching behaviour of the UE side.
Observation 1 Several ways of BWP switching are supported in NR licensed. 
Observation 2 UE can proactively switch the BWP when RACH is initiated.
2.2 BWP switching by power saving signalling
It’s agreed in RAN1 that enhancement of L1 signalling, e.g., power saving signal or DCI for power saving, can be used for triggering the BWP switching. However, it’s not yet whether there is power saving gain by introducing power saving signalling based BWP switch. The study can be in the scope of RAN1.
From RAN2 perspective, if enhancements of BWP switching is agreed to be supported, there are some impacts on the BWP operation:

Firstly, for the bwp-InactivityTimer operation, in current specification, the timer will be triggered when DCI for switching BWP is received. However, for power saving signalling based BWP switching, whether the timer needs to be triggered or not needs further study.

Secondly, how to handle the BWP switch delay for the power saving signalling based BWP switch. Currently, RAN4 has defined BWP switch delay for DCI based BWP switch. It’s not clear whether the BWP switch delay for power saving sianlling based BWP switch is the same as for DCI based BWP switch.
Observation 3 It’s not clear whether there is power saving gain by introducing power saving signalling based BWP switch. 
Proposal 1 Depending on RAN1 progress, RAN2 can study the impacts of power saving signalling based BWP switch.
2.3 Association between BWP and DRX
As also captured in the TR, it's FFS for association between BWP and DRX. Currently, from MAC specification perspective, BWP operation and DRX are independent. In other words, DRX states changing would not impact BWP switching, more specifically:

· If the MAC entity goes to DRX off state from DRX on duration, the BWP in DRX off is the BWP before entering DRX off, unless the timer (bwp-InactivityTimer) expires during the DRX off state. In this case, the UE will switch the active BWP to a configured default BWP. 
· When the MAC entity goes to DRX on duration from DRX off state, the BWP in on duration is the same with the BWP in DRX on duration.

As an example when DL BWP switching during DRX off state shown below:

[image: image2.png]Frequenc
|
|

|
If bwp-InactivityTimer expires, the MAC entity
switches the active DL BWP to default/initial DL
DL BWP BWP, this timelJI can be expired in any place
irrespective DRX states

|

|

IDefault/Intial DL BWP

ULBWP

DRX on DRX off DRX on Time




Observation 4 In current MAC specification, BWP operation and DRX are independent.
There are some drawbacks for this independent operation between BWP and DRX:
· When UE switches from DRX off state to DRX on duration, the active BWP may not suitable for the current transmission either for uplink or downlink. In this case, the network would have to send DCI to switch the BWP which may require extra delay and consume UE power for extra PDCCH monitoring.

·  When UE switches from DRX off state to DRX on duration, the BWP may still be in the BWP with large bandwidth, in this case, if there is not data to be transmitted or received, it would cause more power for the PDCCH monitoring behavior.
· During DRX off state, it may not necessary for the UE to stay in the previous active BWP which may be a BWP with large bandwidth. In such a case, it would consume more power for other UE activities, .e.g., UE measurement.
Observation 5 When UE goes to DRX ON state, the active BWP may not suitable for the current transmission, which causes extra UE power for PDCCH monitoring.

Proposal 2 RAN2 study possible enhancements on association between DRX and BWP operation.

3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
Several ways of BWP switching are supported in NR licensed.
Observation 2
UE can proactively switch the BWP when RACH is initiated.
Observation 3
It’s not clear whether there is power saving gain by introducing power saving signalling based BWP switch.
Observation 4
In current MAC specification, BWP operation and DRX are independent.
Observation 5
When UE goes to DRX ON state, the active BWP may not suitable for the current transmission, which causes extra UE power for PDCCH monitoring.
Proposal 1
Depending on RAN1 progress, RAN2 can study the impacts of power saving signalling based BWP switch.
Proposal 2
RAN2 study possible enhancements on association between DRX and BWP operation.
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