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1 Introduction

In RAN1#91 meeting, an LS [1] on BWP timer operation was sent from RAN1 to RAN2 which includes the following description:

	It’s RAN1’s understanding that the remaining issues of timer-based active DL BWP (DL/UL BWP pair) switching (e.g. additional timer restarting/expiration conditions, inter-action with RACH procedure and grant-free scheduling) will be discussed in RAN2


In the current version of TS 38.321, although the BWP inactivity timer operation has been captured in chapter 5.15 Bandwidth Part (BWP) operation, not all the cases for BWP inactivity timer starting, restarting or stopping are covered completely according to the reached agreements in the Appendix. In this contribution, we will further discuss the BWP inactivity timer operation and try to capture all the conditions.
2 Discussion
For the latest version of TS 38.321[2] approved in RANP#78, the description for BWP inactivity timer operation is extracted as below.
	If BWP-InactivityTimer is configured, the MAC entity shall for each activated Serving Cell:

1>
if the Default-DL-BWP is configured, and the active DL BWP is not the BWP indicated by the Default-DL-BWP; or

1>
if the Default-DL-BWP is not configured, and the active DL BWP is not the initial BWP:

2>
if a PDCCH indicating downlink assignment is received on the active BWP; or

2>
if a PDCCH for BWP switching is received on the active DL BWP, and the MAC entity switches the active BWP:
3>
start or restart the BWP-InactivityTimer associated with the active DL BWP;
2>
if Random Access procedure is initiated:

3>
stop the BWP-InactivityTimer;
2>
if BWP-InactivityTimer associated with the active DL BWP expires:

3>
if the Default-DL-BWP is configured:

4>
perform BWP switching to a BWP indicated by the Default-DL-BWP;

3>
else:

4>
perform BWP switching to the initial DL BWP.


2.1 Start or restart the BWP-InactivityTimer
· Consideration of uplink grant in TDD

In RAN1#91 meeting, RAN1 sent an LS [1] on BWP timer operation and asked RAN2 to take the following agreements into consideration:

· In unpaired spectrum, for timer-based active DL/UL BWP pair switching, a UE restarts the timer to the initial value when the following additional conditions are met

· It detects a DCI scheduling PUSCH for its current active DL/UL BWP pair

That is to say, for the unpaired spectrum, if the current active BWP pair is the default BWP pair, the BWP inactivity timer shall not be started when a PDCCH indicating uplink grant is received. Otherwise, if the current active BWP pair is not the default BWP pair and the BWP inactivity timer is running, the BWP inactivity timer shall be restarted if the UE receives a PDCCH indicating uplink grant for the active BWP pair, same as the case when a downlink assignment is received.
Proposal 1: For unpaired spectrum, when the current active DL/UL BWP pair is not the default DL/UL BWP pair, when a PDCCH indicating uplink grant is received for the active DL/UL BWP pair, the BWP-InactivityTimer shall also be restarted.
· Consideration of different RNTIs
A condition specified for BWP-InactivityTimer starting/restarting is “if a PDCCH indicating downlink assignment is received on the active BWP”. However, PDCCH indicating downlink assignments can be addressed by several RNTIs such as C-RNTI, CS-RNTI, RA-RNTI, TC-RNTI, P-RNTI and SI-RNTI. In those RNTIs, C-RNTI and CS-RNTI are tightly related to data scheduling and therefore have impacts on the BWP inactivity timer. On the other hand, the BWP inactivity timer should not be started when a PDCCH addressed by RA-RNTI is received in CBRA case since it is the intention to stop the BWP inactivity timer upon random access. With regards to TC-RNTI, only UE in idle state will receive the PDCCH addressed by TC-RNTI but the idle UE does not have default BWP yet. Additionally, P-RNTI and SI-RNTI are not for dedicated scheduling, so they should not affect the running of the BWP inactivity timer.
Proposal 2: For paired spectrum, when the current active DL BWP is not the default DL BWP, when a PDCCH indicating downlink assignment is received and the PDCCH is addressed by C-RNTI and CS-RNTI, the BWP-InactivityTimer shall be started and restarted.
Proposal 3: For unpaired spectrum, when the current active DL/UL BWP pair is not the default DL/UL BWP pair, when a PDCCH indicating downlink assignments or uplink grants is received and the PDCCH is addressed by C-RNTI and CS-RNTI, the BWP-InactivityTimer shall be started and restarted.

· Consideration of configured grants and DL SPS
UL/DL SPS and GF have been agreed. Regarding DL SPS, the UE may receive DL transmissions on the configured downlink assignments. However, if there is no dynamic scheduling occurs during the BWP inactivity timer, the BWP inactivity timer cannot be restarted according to the current specified operation. As a result, the BWP inactivity timer will expire even if there are ongoing DL transmissions for the DL SPS, which is obviously not the expected behaviour. For the unpaired spectrum, there is a similar case for uplink configured grants. If there are ongoing uplink transmissions on the uplink configured grants, it is not reasonable to autonomously switch the DL/UL BWP pair to the default one.

To avoid this unexpected behaviour, for unpaired spectrum, the UE can restart the BWP inactivity timer if there is the DL/UL transmission for a configured DL assignment/UL grant. For paired spectrum, the UE can restart the BWP inactivity timer if there is the DL transmission for a configured DL assignment.
Proposal 4: For unpaired spectrum, when a DL/UL transmission occurs for a configured DL assignment/UL grant, the BWP-InactivityTimer should be restarted, if the current active DL/UL BWP pair is not the default one.
Proposal 5: For paired spectrum, when a DL transmission occurs for a configured DL assignment, the BWP-InactivityTimer should be restarted, if the current active DL BWP is not the default one.
· Consideration of reconfiguration with sync and SCell addition
According to the following agreements reached in RAN1#90bis [3] and RAN2#100 [4]:
RAN1#90bis Agreements:

· 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
RAN2#100 Agreements:

· For reconfiguration with synchronisation or for SCell addition, one DL/UL BWP indicated in the RRC message is the active BWP until it is changed by DCI.
There exists the case that the MAC entity activates the first active DL BWP of a SCell when the SCell is activated from the deactivated state, i.e by an SCell Activation/Deactivation MAC CE. If the first active DL BWP (or DL/UL BWP pair) is not the default one, the BWP inactivity timer should be started. 
Proposal 6: When an SCell Activation/Deactivation MAC CE is received to activate a deactivated SCell, the BWP-InactivityTimer should be started if the first active BWP is not the default BWP.
2.2 Stop the BWP-InactivityTime
In current specification, it is ambiguous whether the BWP inactivity timer is per BWP or per cell, although sometimes it states “start or restart the BWP-InactivityTimer associated with the active DL BWP”. In R-15, there is always one active BWP at any point of time for an activated Serving Cell. Therefore, there is at most one BWP inactivity timer no matter that the BWP inactivity timer is associated with a DL BWP or associated with a cell. However, multiple active BWPs could be a possibility in a future release. Considering forward compatibility, the BWP inactivity timer associated with a DL BWP or a DL/UL BWP pair (for unpaired spectrum) is preferable. 
Proposal 7: RAN2 to confirm that the BWP inactivity timer is associated with a DL BWP or a DL/UL BWP pair. 
Based on this assumption, for each BWP switching, the BWP inactivity timer associated with the activated BWP should be started, and at the same timer the BWP inactivity timer associated with the deactivated BWP should be stopped.
The BWP inactivity timer is introduced to switch the non-default active DL BWP to the default DL BWP. Therefore, the BWP inactivity timer should be stopped when the MAC entity switches the active DL BWP to the default DL BWP.
An SCell can be deactivated by either an SCell Activation/Deactivation MAC CE or the sCellDeactivationTimer associated with the activated SCell. If an SCell is deactivated, the BWP inactivity timer of the SCell should be stopped since it is no longer needed. 
Proposal 8: The BWP inactivity timer shall be stopped for the following cases:
· the associated BWP is deactivated by PDCCH or BWP inactivity timer; or

· the SCell of the associated BWP is deactivated.

For the above proposals, a corresponding CR has been provided in [5].
3 Conclusion

In this contribution, we discussed BWP inactivity timer operation and had the following proposals.
Proposal 1: For unpaired spectrum, when the current active DL/UL BWP pair is not the default DL/UL BWP pair, when a PDCCH indicating uplink grant is received for the active DL/UL BWP pair, the BWP-InactivityTimer shall also be restarted.
Proposal 2: For paired spectrum, when the current active DL BWP is not the default DL BWP, when a PDCCH indicating downlink assignment is received and the PDCCH is addressed by C-RNTI and CS-RNTI, the BWP-InactivityTimer shall be started and restarted.
Proposal 3: For unpaired spectrum, when the current active DL/UL BWP pair is not the default DL/UL BWP pair, when a PDCCH indicating downlink assignments or uplink grants is received and the PDCCH is addressed by C-RNTI and CS-RNTI, the BWP-InactivityTimer shall be started and restarted.

Proposal 4: For unpaired spectrum, when a DL/UL transmission occurs for a configured DL assignment/UL grant, the BWP-InactivityTimer should be restarted, if the current active DL/UL BWP pair is not the default one.
Proposal 5: For paired spectrum, when a DL transmission occurs for a configured DL assignment, the BWP-InactivityTimer should be restarted, if the current active DL BWP is not the default one.
Proposal 6: When an SCell Activation/Deactivation MAC CE is received to activate a deactivated SCell, the BWP-InactivityTimer should be started if the first active BWP is not the default BWP.

Proposal 7: RAN2 to confirm that the BWP inactivity timer is associated with a DL BWP or a DL/UL BWP pair. 
Proposal 8: The BWP inactivity timer shall be stopped for the following cases:

· the associated BWP is deactivated by PDCCH or BWP inactivity timer; or

· the SCell of the associated BWP is deactivated.
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5 Appendix
5.1 RAN1#90
Agreements:
· 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

5.2 RAN1#90bis

Agreements:

· 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

Agreements:

· 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

Agreements:

· 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

5.3 RAN2#99bis
	Agreements:
1. An SR configuration consists of a collection of sets of PUCCH resources across different BWPs and cells with the following constraints:

–
Per cell, at any given time there is at most one usable PUCCH resource per LCH

–
This corresponds to the case of one single LTE-like set of SR PUCCH resources being configured per LCH per BWP, and only one BWP being active at a time

2. BWP switching and cell activation / deactivation do not interfere with the operation of the counter and timer.


Agreements:
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.  
5.4 RAN2#100
Agreements：
1
Add a subclause for DL/UL BWP and BWP pair additional/modification is added in NR RRC spec. 

2
Add a subclause for DL/UL BWP and BWP pair release is added in NR RRC spec. 

3
For reconfiguration with synchronisation or for SCell addition, one DL/UL BWP indicated in the RRC message is the active BWP until it is changed by DCI.
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