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1 Introduction

The “Bandwidth Part (BWP)” was introduced in RAN1. It is referred to a group of contiguous PRBs in frequency domain associated with a specific numerology. The usage scenarios of BWP operation include enabling reduced UE bandwidth capability within a wideband carrier, enabling reduced UE power consumption by bandwidth adaptation, and enabling UE using different numerologies in FDM within a wideband carrier [1].  

In RAN1 #91, it has been concluded that it’s up to RAN2’s decision on any remaining issues regarding to BWP operation interaction with C-DRX. Therefore, we discuss related issues in this document. 
2 Discussion
2.1 Does UE’s active BWP remain active outside DRX Active Time? 
According to 38.321 v2.0.0, when a DRX cycle is configured, the Active Time includes the time while: 

-
drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the preamble not selected by the MAC entity (as described in subclause 5.1.4).

PDCCH monitoring related to DRX is specified in section 5.7 of 38.321 v2.0.0:

“The MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring. When in RRC_CONNECTED, if DRX is configured, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this subclause; otherwise the MAC entity shall monitor the PDCCH continuously.”

However, this is one controversial interpretation regarding whether the UE’s active BWP still remains active outside DRX Active Time. The confusion stems from how to define the meaning of “active”. From BWP operation perspective, an active BWP does not necessarily mean that UE is actually monitoring/receiving PDCCH/PDSCH over that BWP. Instead, it simply means that the state of the frequency range and the numerology which has been activated previously is kept until BWP switching happens. So an “active” BWP simply means the state of wider or narrow BWP.  This definition is in line with the agreement in RAN2#100: “There is no case that a cell is active with no active BWP”. Therefore, it can be concluded that UE’s active BWP still remains active during DRX sleep period. 

In the last RAN1 meeting (RAN1#91), there was discussion regarding whether to support BWP of size zero to effectively deactivate BWP during DRX sleep period (i.e. the time period within a DRX cycle but outside DRX Active Time). No consensus has been reached. Therefore, this function is not supported in Rel-15. 

As a result, we have the following observation:

Observation 1: In Rel-15, UE’s active BWP remains active outside DRX Active Time in a DRX cycle. 

2.2 Does BWP inactive timer still running during DRX sleep 
According to RAN1 agreement, BWP inactive timer is started when a BWP other than the default BWP is activated. Based on the above discussion, during DRX sleep period, there is still an active BWP. If this active BWP is non-default BWP, then the BWP inactive timer is running.  

Observation 2: DRX states do not affect the BWP inactive timer in Rel-15.   
2.3 Wake-up BWP
At the beginning of each DRX cycle, UE needs to wake up and start PDCCH monitoring and possible PDSCH reception. Regarding the wake-up BWP, there are two alternatives.
Alt1. Wake-up BWP is inherited from the previous DRX cycle

Alt2. Wake-up BWP is reset at every DRX cycle

Comparing the above two alternatives, Alt2 is more robust, because it provides a periodic opportunity to correct BWP mismatch issue between gNB and UE. With Alt2, any possible BWP mismatch will be restricted to one DRX cycle in the worst case. Therefore, Alt2 should be supported.

Note that above Observerations 1, 2 and Alt2 are joinly applied, even if DRX states are changed by drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer, during DRX cycle, the state of BWP is changed solely by the function of BWP operation i.e. active BWP switching and the BWP inactive timer.
There was a view in the previous RAN1 meeting that wake-up BWP should be the default BWP. The argument could be that the default BWP has narrow bandwidth and hence provides some power saving gain. However, we think this setting is too restrictive. If traffic pattern is predictable and hence the DRX cycle can be configured closely to match the traffic characteristics, then once UE wakes up at the beginning of DRX cycle there would be a need for PDSCH transmission. In such case, it is more beneficial in terms of power saving to have a wide BWP as the wake-up BWP. The reason is that the traffic for the UE can be delivered more quickly and UE can go back to sleep earlier.   

Therefore, we have the following proposal:

Proposal 1: Wake-up BWP at the beginning of DRX cycle is semi-statically configured.   
3 Conclusion

This document discusses the interaction between BWP and C-DRX. We have the following observations and proposals. 
Observation 1: In Rel-15, UE’s active BWP remains active outside DRX Active Time in a DRX cycle. 

Observation 2: DRX states do not affect the BWP inactive timer in Rel-15.   
Proposal 1: Wake-up BWP at the beginning of DRX cycle is semi-statically configured.   
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