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1 Introduction

Discontinuous reception (DRX) is a mechanism to save UE power consumption which is already available in LTE. For NR, RAN2 has agreed that DRX framework in LTE will be used as a baseline [1]. 
On the other hand, bandwidth part (BWP) adaptation is a new mechanism in NR being discussed in RAN1. One use case of BWP adaptation is also for UE power saving [2]. However, there isn’t much discussion on the relation between DRX and BWP adaptation. It is unclear how to efficiently combine these two mechanisms to improve the power saving gain. This document will discuss such issues. 

2 Discussion
2.1 DRX configuration parameters
In LTE, DRX is used to save UE power consumption by periodic sleeping. Basically, UE is configured with a DRX cycle, at the beginning of which there is a “on duration” where UE wakes up to monitor PDCCH for potential downlink assignment and uplink grant. If no PDCCH is detected, UE goes back to sleep in the remaining DRX cycle. Figure 1 shows one such example.
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Figure1. UE wakes up during on-duration period in a DRX cycle
On the other hand, if UE receives PDCCH during on-duration period, the awake time will be extended by a DRX inactive timer. One such example is given in Figure 2. As shown, UE wakes up at subframe#0 but no PDCCH is detected. UE keeps monitoring PDCCH at subframe#1 according to “onDurationTimer” (in this case, value is 2). At subframe#1, UE detects PDCCH and starts the continuous reception until subframe#4 where no PDCCH is detected and therefore inactive timer begins to decrease. Once the inactive timer expires at subframe#7, UE goes back to sleep.
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Figure2. UE is awake during extended on-duration time and inactive time 
In DRX framework, UE also needs to wake up during “retransmission time” to monitor the possible retransmission. The retransmission time window is configured per HARQ process. Therefore, the retransmission time could occur before or after inactive time, as shown in Figure 3.
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Figure3. Retransmission time

For NR, it has been agreed in RAN2 [3] that a DRX configuration is described by at least the following configuration parameters: an on duration time, an inactivity time, a retransmission time, short DRX cycles, long DRX cycles.
Based on the above discussion, it can be seen that in order to improve power saving, a larger DRX cycle with smaller value of on-duration time has to be configured. However, this may also cause scheduling delay. As will be discussed next, combining BWP adaptation with DRX parameters can bring further power saving gain without sacrificing the scheduling flexibility. 
2.2 BWP usage in a DRX cycle
· At the beginning of each DRX cycle

In order to avoid significant scheduling delay, the DRX cycle can be configured with short duration. However, in case that traffic situation is not predictable, it could happen that the most of time when UE wakes up at the beginning of each DRX cycle, there is no PDCCH for the UE, and consequently the UE power is wasted. One solution is that a narrowband BWP is always activated for PDCCH monitoring at the beginning of each DRX cycle. Once PDCCH for downlink assignment is detected, UE switches to a wideband BWP to receive the data burst. With such configuration, the requirement for DRX cycle configuration is relaxed. On the other hand, if traffic pattern can be accurately predicted, then wideband BWP can be activated directly at the beginning of DRX cycle. This can save BWP switching overhead caused by transition time.
· During on-duration time

Once PDCCH for downlink assignment is detected, UE can autonomously activate a wideband BWP for data reception. Since wideband BWP can increase the peak data rate, the burst traffic can be served more quickly. This allows UE to get back to sleep earlier. Alternatively, UE can follow dynamic signaling, e.g. DCI, to either switch to wideband BWP or stay in the narrowband BWP. The advantage is that BWP usage can be flexibly chosen according to the traffic characteristics. For example, for web browsing traffic, wideband BWP is preferred; for real-time streaming, narrow BWP can be used instead.
· During inactive time

In DRX framework, UE enters inactive time when the continuous reception is over. This can happen when traffic burst is finished or close to the end with only a few HARQ processes left. “drxInactiveTimer” could be used as one indication. drxInactiveTimer is (re)set to the initial value whenever PDCCH for new transmission is detected. As long as for one scheduling interval no PDCCH for the given UE is detected, drxInactiveTimer starts to decrease. Therefore, during inactive time, drxInactiveTimer is running and has a smaller value than the initialization.
Due to low traffic demand in the inactive time, UE can activate narrowband BWP for PDCCH monitoring and possible data reception. Even if downlink assignment during inactive time is found, it is not necessary for UE to activate wideband BWP, because narrowband BWP could be sufficient to receive the remaining data in the data burst. Switching back to wideband BWP can cause the additional transition overhead. Alternatively, if new data is scheduled during the inactive time, UE can follow dynamic indication, e.g. in the DCI to choose narrowband or wideband BWP.
· During retransmission time

In DRX framework, retransmission time is controlled by “drxRetransmissionTimer” which defines the maximum time duration when UE should monitor PDCCH for a possible DL/UL retransmission after the first available retransmission time instant. 

If retransmission time window occurs before UE goes to any inactive time period (meaning that traffic burst is not finished yet), UE can stay in the original BWP or follows DCI scheduling the retransmission.

If retransmission time window occurs during or after UE’s inactive period, UE can follow the BWP usage in the inactive period. 

Regarding the signaling method for activation and deactivation of BWP, RAN1 has further agreed on the following in Qingdao meeting.

Agreements:
· Activation/deactivation of DL and UL bandwidth parts can be
· by means of dedicated RRC signaling 
· Possibility to activate in the bandwidth part configuration
· by means of DCI (explicitly and/or implicitly) or MAC CE [one to be selected]
· by means of DCI could mean
· Explicit: Indication in DCI (FFS: scheduling assignment/grant or a separate DCI) triggers activation/deactivation
· Separate DCI means DCI not carrying scheduling assignment/grant
· Implicit: Presence of DCI (scheduling assignment/grant) in itself triggers activation/deactivation
· This does not imply that all these alternatives are to be supported. 
· FFS: by means of timer 
· FFS: according to configured time pattern
In our view, in order to support aligning BWP usage with the DRX configurations, “by means of timer” should be supported. For example, this can be used for the UE to autonomously switch from wideband to narrow BWP once UE enters inactive time. Furthermore, “according to configured time pattern” should also be supported. One usage of such time pattern is the DRX cycle. At the beginning of each DRX cycle, narrowband or wideband BWP can be autonomously activated.
Additionally, aligning BWP usage with the DRX configuration also relieves the issue of BWP mismatching between gNB and UE. At least at beginning of each DRX cycle, a preconfigured BWP can be activated for communication between gNB and UE to resolve the possible mismatch issue during the previous DRX cycle. If further BWP usage is preconfigured for individual DRX phase inside a DRX cycle, e.g. a narrowband BWP is autonomously activated for inactive time, the mismatch issue can be resolved even before the end of a DRX cycle.
In summary, we have the following observation and proposal:
Observation 1: There is a trade-off between power saving and latency when configuring DRX parameters. By aligning BWP usage to the traffic characteristics of each phase in a DRX cycle, power can be further saved without sacrificing the scheduling flexibility.

Observation 2: Aligning BWP usage to DRX cycle provides a periodic mechanism to recover the possible BWP mismatch issue between gNB and UE.

Proposal 1: 
· The configuration of BWP usage according to DRX cycle is supported
· At the beginning of each DRX cycle, one BWP is autonomously activated. Whether the activated BWP is wideband or narrowband is configured by RRC signalling.
Proposal 2: 
· BWP switching triggerd by DRX timers is supported

· UE autonomously switches to narrowband BWP once UE enters inactive time in a DRX cycle.
3 Conclusion

This document discusses how to combine DRX with BWP adaptation to enhance UE power saving. We have the following observations and proposals:
Observation 1: There is a trade-off between power saving and latency when configuring DRX parameters. By aligning BWP usage to the traffic characteristics of each phase in a DRX cycle, power can be further saved without sacrificing the scheduling flexibility.

Observation 2: Aligning BWP usage to DRX cycle provides a periodic mechanism to recover the possible BWP mismatch issue between gNB and UE.

Proposal 1: 

· The configuration of BWP usage according to DRX cycle is supported
· At the beginning of each DRX cycle, one BWP is autonomously activated. Whether the activated BWP is wideband or narrowband is configured by RRC signalling.
Proposal 2: 

· BWP switching triggerd by DRX timers is supported

· UE autonomously switches to narrowband BWP once UE enters inactive time in a DRX cycle.
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