
3GPP TSG-RAN2# 107bis
R2-1912920
Chongqing, China, 14th - 18th October 2019
Agenda Item:
6.11.2
Source: 
Xiaomi Communications
Title:  
Considerations on UE power saving for BWP scenarios
Document for:
Discussion and Decision

1 Introduction
In the previous SI objective in the approved study items (SI) on Rel-16 enhancements for UE power saving in NR, the description is as follows [1]:
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
And the most recently the following was agreed in RAN1#96[2]:

	Agreements:

Update previous agreements 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 adaptation to the CA/DC is to fast activation/deactivation of the SCell by gNB based on, e.g., the traffic to support efficient operation for fast SCell activation/deactivation in achieving UE power saving.  

The UE power saving schemes for the UE adaptation in frequency domain in the 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 supports and 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 RAN1’s contributions, a lot of companies proposed per BWP DRX configuration. So far this topic has not been discussed in RAN2 and in this contribution, the RAN2 impact of the above solutions will be discussed.
2 Discussion
A lot of company proposed per BWP DRX configuration. For example, a narrow bandwidth part BWP1 and wide bandwidth part BWP2 could be configured with different values for short/long DRX cycle timer, on duration timer, inactivity timer, etc. The reason is when traffic load is low, UE may be indicated to operate within a smaller BWP with longer PDCCH monitoring period for power saving. Then when traffic is continuously arrived a wide BW part with short PDCCH monitoring period is preferred for reducing the delay. Similarly, some people also proposed the idea of configuring different power saving signal pattern (e.g. enable WUS or not) for different BWPs. We categorised these circumstances into 4 options, taking the PDCCH-WUS for example:  

Option1: Per BWP DRX, common PDCCH-WUS configuration
Option2: Per BWP DRX, Per BWP PDCCH-WUS configuration
Option3: Common DRX, Per BWP PDCCH-WUS configuration
Option4: Common DRX, common PDCCH-WUS configuration
2.1 Is per BWP DRX necessary?
For option1, even though per BWP DRX configuration provides flexibility for every BWP for different PDCCH monitoring intensity, we still think it is sufficient to apply two types of PDCCH monitoring intensity, i.e. short/long DRX cycle across different BWPs. The network can dynamically switch BWP according to the Long DRX cycle and Short DRX Cycle. When data arrives, the inactivity timer is running or the Short DRX Cycle begins, the network can switch UE to wide BWP which is illustrated in the following figure. In this way, DRX operation is not changed regardless of which BWP is active. So common DRX across BWPs works well.
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Figure 1 illustration of BWP switching on C-DRX
On the contrary, if the DRX parameters of each BWP can be independently configured and gNB can request UE to perform BWP switching by a DCI, consequently, the expiration timing of the running DRX timers on the source BWP will have many possibilities and result in unclear UE behaviour definition. For example, in current TS 38.321, UE should monitor the PDCCH while in active time and the active time includes the drx-InactivityTimer which get restarted right after the PDCCH which indicates a BWP switching. After the BWP switch delay, UE arrives at the new BWP which has a totally different set of DRX parameters. Will the UE reset all the DRX timers of the old BWP and begin to use the new DRX timers of the new BWP? Is the drx-InactivityTimer once started in the old BWP still valid? Will we update the drx-InactivityTimer by the new BWP DRX parameters or keep the current value until it later receives a DCI indicating a new transmission? Those 3 options are illustrated in the following figure 2. 
Maybe for the case of the targeting BWP having no DRX configured, there is no such problem. But for the targeting BWP having a new set of DRX configurations, this ambiguity needs more clarification while the current SPEC doesn’t cause the UE’s behaviour ambiguity after BWP switching since UE only have one set of DRX configurations across all the BWPs.
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Figure 2 illustration of UE behavior ambiguity after BWP switching

Observation1: Per BWP DRX results in unclear UE behaviour ambiguity after BWP switching.

For the same reason, for option2, we think it is not necessary. And it is very complicated.
2.2 Is per BWP PDCCH-WUS configuration necessary?
For option3, BWP specific PDCCH-WUS configuration may be used to adjust PDCCH monitoring intensity in every BWP. Some may suggested that when multiple BWPs are configured, only the narrow BWPs, e.g., default BWP, are configured to use WUS specific to save UE power in data inactive time while for other wider BWPs the monitoring of WUS is not needed. Well, as many RAN2 contributions of last meeting had proposed that WUS pattern can be configured not applying to DRX short cycles, if this can be agreed, it is sufficient to only monitor WUS in default BWP during the DRX long cycles. If Short DRX Cycle begins, the network can switch UE to wider BWP, and the WUS is not applied. It seems not necessary to configure different WUS configuration to every BWP.
So we would like to take option4 as the baseline.
Proposal 1 From RAN2’s perspective, it is suggested to take “Common DRX, common PDCCH-WUS configuration”across BWPs as the baseline.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 

Observation1: Per BWP DRX results in unclear UE behaviour ambiguity after BWP switching.
Proposal 2 From RAN2’s perspective, it is suggested to take “Common DRX, common PDCCH-WUS configuration” across BWPs as the baseline.
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