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1 Introduction
A new SID for studying UE power saving in NR has been approved in RAN#80 meeting. According to [1], the following objectives should be in RAN2’s study scope. 
	The objective is to study UE power saving framework taking into consideration of latency and performance in NR as well as network impact. The objective of the UE power saving study includes the following,
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

… 


This contribution aims to discuss the BWP related assistance information and the BWP impacts of power saving signal.
2 Discussion
2.1 BWP related assistance information
The concept of BWP was introduced so that the UE can access part of the BW to save power while the system retains the benefit of using the large BW. The large BW implies a higher UE power consumption for both the RF and baseband parts. Similar to CA, although the gNB can always know the BWP configuration of the UE, and the gNB is able to indicate the UE to work on a BWP that matches the UE traffic, the gNB cannot know whether UE needs to save power (e.g. the gNB doesn’t know the UE battery level), also the gNB cannot know the implementation of the UE RF frontend. 

The RF component of the UE usually has several levels of working bandwidth, which may be for example 10MHz, 20MHz, and 50MHz. When the UE is configured with a BWP whose bandwidth is larger than 10MHz, smaller than or equal to 20MHz, the power consumption of RF component may be the same since in all the cases the working bandwidth of the RF component keeps unchanged. If the UE is working on a BWP of 20MHz and just indicates that it needs to save power and reduce the bandwidth, the network may adjust the UE active BWP with a bandwidth of 15MHz, although the bandwidth is scaled down, the power consumption decrease is not significant from the UE perspective. In this case, the UE can report its desired bandwidth of the active BWP is 10MHz to the network, which means that if the network cannot configure a bandwidth that is equal to or smaller than 10MHz, then the network does not need to change the bandwidth at all.
Therefore, it is desirable that the UE reports its desired BWP (i.e. the one out of the configured BWPs) and/or BWP configuration (i.e. the bandwidth of the active BWP) in UE assistance information.
Proposal 1: The desired BWP and/or the desired BWP configuration can be reported to the gNB for power saving purpose.
2.2 BWP impacts of power saving signal
In R15, it is already supported in the specification that the BWP can be switched dynamically for the purpose of power saving. In terms of UE’s behaviours in C-DRX with power saving signals, the contribution of BWP switching can also be evaluated in combination.
In the current implementation, the BWP switching is controlled by the PDCCH indicating a downlink assignment or an uplink grant, by the bwp-InactivityTimer, by RRC signalling, or by the MAC entity itself upon initiation of Random Access procedure [2]. Once introduced, power saving signals can also be a potential way to control the BWP switching for fast adaptation. Considering that the specific design of power saving signals is still under discussion now and whether power saving signals will be used to indicate scheduling information is FFS, we can take the PDCCH-based BWP switching mechanism in R15 as a baseline. For example, if power saving signals can schedule transmissions in addition to the power saving related function, then such type of signals may provide UE with the BWP switching indication meanwhile. After receiving these signals, the UE can adjust the active BWP with respect to the traffic amount, e.g. switching from larger BWP to default BWP when there is little or no traffic, and switching from small BWP to larger BWP when data amount increases. 
Proposal 2: The impact of power saving signals on BWP switching is considered.
2.3 Association of BWP adaptation and DRX operation
In current specifications, the BWP operation and the DRX operation are independent. Specifically, the bwp-InactivityTimer which controls the DL BWP switching works independently with the DRX mechanism. This timer keeps running regardless of whether it is in the DRX active time or not, hence it is possible that this timer expires in the DRX off state, which results in active BWP switching to default/initial BWP. From the scheduling perspective, if the network still has data in the buffer to transmit, it may be likely that the network would have to bring the UE to active BWP from default/initial BWP again when the UE enters DRX active time.
However, from the power saving perspective, the UE may prefer to stay in a smaller BWP during the DRX off time for reducing the power consumption of other actives. Besides, if the data to be transmitted to the UE is not large, the network may choose not to switch the UE’s BWP to a larger active BWP in next DRX on duration. Hence, in such cases, the benefit of keeping UE staying in small BWP should be considered and it may be better for the UE to switch to a smaller BWP as early as possible when it turns to DRX off state.
Therefore, in our view, the association of BWP adaptation and DRX operation should be further studied, e.g., whether/how the bwp-InactivityTimer should be jointly considered with the DRX operation.

Proposal 3: The possible association mechanisms of BWP adaptation and DRX operation is considered.
3 Conclusion

In this contribution, we discuss the BWP related assistance information, the BWP impacts of power saving signal and the relationship between BWP adaptation and DRX operation, proposals are listed as follows:
Proposal 1: The desired BWP and/or the desired BWP configuration can be reported to the gNB for power saving purpose.
Proposal 2: The impact of power saving signals on BWP switching is considered.

Proposal 3: The possible association mechanisms of BWP adaptation and DRX operation is considered.
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6 Higher layer procedure for UE power saving
6.3
Higher layer procedures for the UE power saving schemes in RRC_CONNECTED

The higher layer procedure for the UE power saving schemes includes the required signalling and procedures (when needed) for the proposed power saving schemes in Section 5.   

The PDCCH-based power saving signal/channel scheme for wake-up purpose is considered jointly with DRX and is only configured when DRX is configured. If the PDCCH-based power saving signal/channel for wake-up purpose is not configured, the legacy DRX operation applies. The higher layer procedure in support of the PDCCH-based power saving signal/channel scheme for wake-up purpose should be studied for its adaptation to DRX operation (Section 5.1.4). 
When configured, the PDCCH-based power saving signal/channel scheme for wake-up purpose is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
The higher layer procedure in support of DCI-based PDCCH monitoring skipping should be studied to achieve PDCCH monitoring/decoding reduction (Section 5.1.5). If enabled, it is assumed that DCI-based PDCCH monitoring skipping can be configured with or without DRX.
The concept of a timer-based uplink BWP switching mechanism, similar to the current mechanism used for the DL BWP, is not supported in Rel-16.

The impact of power saving signal/channel on BWP switching is considered.
The association of BWP adaptation and DRX operation is considered, e.g., whether/how the bwp-InactivityTimer should be jointly considered with the DRX operation.
Power consumption gains can be achieved in CA configuration by reducing PDCCH monitoring in SCells.

UE assistance for DRX configuration should be studied.
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