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1. Introduction

In NR, a UE is configured with one or multiple bandwidth parts (BWP) for each serving cell. There is at most one active BWP on a serving cell at a time, and the active BWP is switched by means of scheduling DCI (i.e. PDCCH for this serving cell scheduling either PDSCH or PUSCH). In RAN1 #90 meeting, RAN1 agreed that a dedicated timer is support for a UE to switch its active DL BWP to a default DL BWP (without receiving NW signalling). In RAN1 #90bis meeting, more details of this timer are provided, and RAN2 also discussed this “BWP inactivity timer” in RAN2 #99bis meeting. 
In this contribution, we further discuss the details of this BWP inactivity timer, including starting/stopping/restarting of the timer.
RAN1 #90 Agreements [1]

· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established

· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band

· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda

· Support activation/deactivation of DL and UL bandwidth part by explicit indication at least in (FFS: scheduling) DCI
· FFS: In addition, MAC CE based approach is supported

· Support activation/deactivation of DL bandwidth part by means of timer for a UE to switch its active DL bandwidth part to a default DL bandwidth part

· The default DL bandwidth part can be the initial active DL bandwidth part defined above 

· FFS: The default DL bandwidth part can be reconfigured by the network

· FFS: detailed mechanism of timer-based solution (e.g. introducing a new timer or reusing DRX timer)

· FFS: other conditions to switch to default DL bandwidth part

RAN1 #90bis Agreements [2]
· For paired spectrum, support a dedicated timer for timer-based active DL BWP switching to the default DL BWP

· A UE starts the timer when it switches its active DL BWP to a DL BWP other than the default DL BWP
· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL BWP
· FFS other cases

· A UE switches its active DL BWP to the default DL BWP when the timer expires
· FFS other conditions (e.g. interaction with DRX timer)

· For unpaired spectrum, support a dedicated timer for timer-based active DL/UL BWP pair switching to the default DL/UL BWP pair

· A UE starts the timer when it switches its active DL/UL BWP pair to a DL/UL BWP pair other than the default DL/UL BWP pair
· A UE restarts the timer to the initial value when it successfully decodes a DCI to schedule PDSCH(s) in its active DL/UL BWP pair
· FFS other cases

· A UE switches its active DL/UL BWP pair to the default DL/UL BWP pair when the timer expires
· FFS other conditions (e.g. interaction with DRX timer)

· FFS the range and granularity of the timer
· For an Scell, RRC signaling for Scell configuration/reconfiguration indicates the first active DL BWP and/or the first active UL BWP when the Scell is activated
· NR supports Scell activation signaling that doesn’t contain any information related to the first active DL/UL BWP

· For an Scell, active DL BWP and/or UL BWP are deactivated when the Scell is deactivated

· Note: it’s RAN1 ‘s understanding that Scell can be deactivated by an Scell timer

· For an Scell, a UE can be configured with the following:

· a timer for timer-based active DL BWP (or DL/UL BWP pair) switching, along with a default DL BWP (or the default DL/UL BWP pair) which is used when the timer is expired

· The default DL BWP can be different from the first active DL BWP
· For Pcell, the default DL BWP (or DL/UL BWP pair) can be configured/reconfigured to a UE

· If no default DL BWP is configured, the default DL BWP is the initial active DL BWP
RAN2 #99bis Agreements [3]
1
RAN2 confirms, a new timer (BWP inactivity timer) is introduced to switch active BWP to default BWP after a certain inactive time.  BWP inactivity timer in independent from the DRX timers.
2. Discussion
In this contribution, we simply refer to “DL BWP” as “BWP”, and “non-default” means “not the same as default”.
2.1 When to start BWP inactivity timer
The functionality of this timer is to autonomously switch active BWP to default BWP after a certain inactive time (i.e. without receiving any PDCCH for scheduling) of a serving cell. This is similar to sCellDeactivationTimer which is to autonomously deactivate the associated serving cell after a certain inactive time. As sCellDeactivationTimer is started when the associated serving cell is activated from non-active state, we think this BWP timer should be started when UE starts to use a non-default BWP on a serving cell. This might include the following cases:
1. When SCell is activated from non-active state and the first active BWP is a “non-default” BWP.

When SCell is activated, the first active BWP is used without additional signalling. However, if the first active BWP is the same as the default BWP, there seems no need to start the timer.

2. When BWP configuration of a serving cell is explicitly configured by RRC and the BWP to be used (active) is a “non-default” BWP.

This happens when UE enters RRC_CONNECTED state from RRC_IDLE state, and the BWP configuration is explicitly configured. The RRC configuration might indicate that a BWP rather than the initial active BWP is to be used as active BWP. However, if the BWP to be used is the same as the default BWP, there seems no need to start the timer. This case is applicable for PCell only, because SCell is not activated at this point of time. 
3. When BWP configuration of a serving cell is reconfigured by RRC and the BWP to be used (active) is switched from the default BWP to a “non-default” BWP.

This might happen at any time when UE is in RRC_CONNECTED state, and can be regarded as “BWP switching by RRC” because there is already an active BWP currently in use. However, if the active BWP currently in use is a “non-default” BWP, there seems no need to start the timer. This case is applicable for both PCell and SCell. 
4. When active BWP of a serving cell is switched from the default BWP to a “non-default” BWP (e.g. receiving a scheduling DCI).
This is similar to the case of starting sCellDeactivationTimer, and is also the same as the agreement made by RAN1. 
Proposal 1: UE should start the associated BWP inactivity timer in the following cases:

a. When SCell is activated from non-active state and the first active BWP is a non-default BWP.

b. When BWP configuration of PCell is explicitly configured and the BWP to be used (active) is a non-default BWP.

c. When BWP configuration of a serving cell is reconfigured by RRC and the BWP to be used (active) is switched from the default BWP to a non-default BWP.

d. When active BWP of a serving cell is switched from the default BWP to a non-default BWP (e.g. receiving a scheduling DCI).
2.2 When to stop BWP inactivity timer
Based on section 2.1, the BWP timer should be stopped when UE stops using a “non-default” BWP on a serving cell. This might include the following cases:

1. When SCell is deactivated from active state

When SCell is deactivated, all BWPs are deactivated accordingly, and thus no need to maintain the timer.

2. When BWP configuration of a serving cell is reconfigured by RRC and the BWP to be used (active) is switched from a “non-default” BWP to the default BWP.

This might happen at any time when UE is in RRC_CONNECTED state, and can be regarded as “BWP switching by RRC” because there is already an active BWP currently in use. This case is applicable for both PCell and SCell. 

3. When active BWP of a serving cell is switched from a “non-default” BWP to the default BWP (e.g. receiving a scheduling DCI).

This is similar to the case of stopping sCellDeactivationTimer.
Proposal 2: UE should stop the associated BWP inactivity timer in the following cases:

a. When SCell is deactivated from active state.

b. When BWP configuration of a serving cell is reconfigured by RRC and the BWP to be used (active) is switched from a non-default BWP to the default BWP.

c. When active BWP of a serving cell is switched from a non-default BWP to the default BWP (e.g. receiving a scheduling DCI).

2.3 When to restart BWP inactivity timer
Based on section 2.1 and 2.2, the BWP timer should be restarted when UE continues using a “non-default” BWP on a serving cell. This might include the following cases:
1. When active BWP of a serving cell is switched from a “non-default” BWP to another “non-default” BWP (e.g. receiving a scheduling DCI).
2. When successfully decoding a DCI for scheduling in current active BWP and this BWP is a “non-default” BWP.
The above two cases are similar to the agreement made by RAN1, with additional constraint that the scheduling is in a “non-default” BWP.
Proposal 3: UE should restart the associated BWP inactivity timer in the following cases:

a. When active BWP of a serving cell is switched from a non-default BWP to another non-default BWP (e.g. receiving a scheduling DCI).

b. When successfully decoding a DCI for scheduling in current active BWP and this BWP is a non-default BWP.
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Figure 1: The BWP timer is started when associated SCell is activated, and is restarted when receiving a scheduling DCI for this SCell.
3. Conclusion

We have the following proposals related to BWP inactivity timer in NR. Here “BWP” means “DL BWP”, and “non-default” means “not the same as default”.
Proposal 1: UE should start the associated BWP inactivity timer in the following cases:

a. When SCell is activated from non-active state and the first active BWP is a non-default BWP.

b. When BWP configuration of PCell is explicitly configured and the BWP to be used (active) is a non-default BWP.

c. When BWP configuration of a serving cell is reconfigured by RRC and the BWP to be used (active) is switched from the default BWP to a non-default BWP.

d. When active BWP of a serving cell is switched from the default BWP to a non-default BWP (e.g. receiving a scheduling DCI).

Proposal 2: UE should stop the associated BWP inactivity timer in the following cases:

a. When SCell is deactivated from active state.

b. When BWP configuration of a serving cell is reconfigured by RRC and the BWP to be used (active) is switched from a non-default BWP to the default BWP.

c. When active BWP of a serving cell is switched from a non-default BWP to the default BWP (e.g. receiving a scheduling DCI).

Proposal 3: UE should restart the associated BWP inactivity timer in the following cases:

a. When active BWP of a serving cell is switched from a non-default BWP to another non-default BWP (e.g. receiving a scheduling DCI).

b. When successfully decoding a DCI for scheduling in current active BWP and this BWP is a non-default BWP.
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