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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 can be explicitly 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 (namely BWP inactivity timer) is introduced for a UE to autonomously switch its active DL BWP to a default DL BWP.
In this contribution, we discuss remaining issues on the BWP inactivity timer.
2. Discussions
2.1
Issue related to the random access procedure

In RAN2 #100, it is agreed that the BWP inactivity timer is stopped upon initiation of the RA procedure. In RAN2 #AH-1801, it is further agreed that the BWP inactivity timer does not start/re-start when a DCI is received while RA procedure is ongoing, but it is still FFS for DCI addressed to C-RNTI scheduling mgs2/4. In addition, it is agreed that if a BWP switch is triggered with DCI addressed to C-RNTI scheduling msg4, the UE considers contention resolution successful as usual and shall switch the BWP. The UE starts the timer upon the switch like in all other cases.
The above implies that BWP timer should not be running during the RA procedure in order to prevent the RA procedure from been interrupted by autonomous BWP switching. For a DCI addressed to C-RNTI scheduling msg2/4 without triggering BWP switching, the RA procedure will be considered completed regardless of whether the UE starts the timer or not. If the UE determines whether the RA procedure is considered completed before whether to start/restart the timer, the UE can start/restart the timer as usual without any problem. There is no need to differentiate the DCI scheduling msg2/4 from the DCI scheduling normal transmission from UE’s perspective.
Observation1: if the UE determines whether the RA procedure is considered completed before whether to start/restart the BWP inactivity timer, both RA procedure and BWP operation can work without any problem.
Either a NOTE could be added or the normative wording in the BWP section could be modified. RAN2 should discuss and decide which way to be adopted. We also provide two versions of the text proposal at the end of this contribution.
Proposal 1: To ensure that UE determines whether the RA procedure is considered completed before whether to start/restart the BWP inactivity timer, either a Note is added or the normative wording is modified. RAN2 should discuss and decide which way to be adopted.
2.2
Maximum timer value of the BWP inactivity timer
Currently, maximum timer value of sCellDeactivationTimer is 1280ms. If there is no data traffic on an SCell for a long time, sCellDeactivationTimer expires and the UE autonomously deactivates the SCell. When SCell is deactivated the BWP timer is also stopped. Timer values equal to or larger than sCellDeactivationTimer are thus useless. Instead, half the maximum value (i.e. 640ms) could be considered, as illustrated in figure 1. Even for SpCell (or SCell without sCellDeactivationTimer), we think a maximum value of 640ms should be large enough. 
[image: image1.png]DClI for BWP #1

sCellDeactvationTimer — (e———;  SCe

H : EDeactivation
bwplnactivityTimer Q> BWP switching H





 Figure 1: The length of BWP inactivity timer is half the length of sCellDeactivationTimer.
In addition, the current NR MAC spec specifies that reception without dynamic scheduling (e.g. configured downlink assignment) is configured by RRC per serving cell and per BWP. The MAC entity shall clear any configured downlink assignment on the inactive BWP. The UE could be configured with the configured downlink assignment on the active BWP while a BWP inactivity timer has been configured. It is possible that the UE may switch back to the default BWP while it is receiving based on the configured downlink assignment. For the UE to continue the reception based on the configured downlink assignment on the given BWP, the network needs to send DCI to switch the UE to the given BWP every time when UE switches back to the default BWP. Furthermore, the network needs to initialise again the configured downlink assignment on the given BWP. In last RAN2 meeting, an agreement was made that the BWP inactivity timer is (re-)started if MAC PDU is transmitted in a configured uplink grant or received in a configured downlink assignment. Therefore, this situation can be avoided if the network configures the length of the BWP inactivity timer to be longer than the length of DL SPS interval when the UE is configured with DL SPS on a non-default BWP. Figure 2 illustrates the case where the length of the BWP inactivity timer is shorter than the length of DL SPS interval, and Figure 3 illustrates the case where the length of the BWP inactivity timer is longer than the length of DL SPS interval. 
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Figure 2: The length of BWP inactivity timer is shorter than the length of DL SPS interval
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Figure 3: The length of BWP inactivity timer is longer than the length of DL SPS interval

Observation 2: The UE may switch back to the default BWP while it is receiving based on the configured DL assignment if the length of BWP inactivity timer is shorter than the length of the DL SPS interval.
To allow UE to stay in the current active DL BWP for reception due to the configured DL assignment, we propose:

Proposal 2: RAN2 confirm that the gNB should configure the length of the BWP inactivity timer to be longer than the length of DL SPS interval if the UE is configured with DL SPS on a non-default BWP.
2.3
Minimum timer value of the BWP inactivity timer
According to [3], a UE can continue DL data reception in DL BWP until its RF tuning starts. The overall transition time for active DL BWP switch is 2ms. From this point of view, the minimum value of the BWP inactivity timer should be larger than the transition time.
In view of above observations, we propose:

Proposal 3: RAN2 take following conditions into account for the BWP inactivity timer:

· The maximum timer value should be smaller than the maximum value of SCell Deact. Timer;

· The maximum timer value should be larger than the maximum value of DL SPS interval;

· The minimum timer value should be larger than the overall transition time for active DL BWP switch e.g. 2ms.
3. Conclusion

We have the following observations and proposals related to BWP inactivity timer in NR.
Observation1: if the UE determines whether the RA procedure is considered completed before whether to start/restart the BWP inactivity timer, both RA procedure and BWP operation can work without any problem.
Proposal 1: To ensure that UE determines whether the RA procedure is considered completed before whether to start/restart the BWP inactivity timer, either a Note is added or the normative wording is modified. RAN2 should discuss and decide which way to be adopted.

Observation 2: The UE may switch back to the default BWP while it is receiving based on the configured DL assignment if the length of BWP inactivity timer is shorter than the length of the DL SPS interval.
Proposal 2: RAN2 confirm that the gNB should configure the length of the BWP inactivity timer to be longer than the length of DL SPS interval if the UE is configured with DL SPS on a non-default BWP.
Proposal 3: RAN2 take following conditions into account for the BWP inactivity timer:

· The maximum timer value should be smaller than the maximum value of SCell Deact. Timer;

· The maximum timer value should be larger than the maximum value of DL SPS interval;

· The minimum timer value should be larger than the overall transition time for active DL BWP switch e.g. 2ms.
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5. Text proposal for 38.321
<Proposal1 - Adding a NOTE>
5.15
Bandwidth Part (BWP) operation
[…].

If the MAC entity receives a PDCCH for BWP switching while a Random Access procedure is ongoing in the MAC entity, it is up to UE implementation whether to switch BWP or ignore the PDCCH for BWP switching, except for the PDCCH reception for BWP switching addressed to the C-RNTI for successful contention resolution (as specified in subclause 5.1.5) in which case the UE shall perform BWP switching to a BWP indicated by the PDCCH. Upon reception of the PDCCH for BWP switching other than successful contention resolution, if the MAC entity decides to perform BWP switching, the MAC entity shall stop the ongoing Random Access procedure and initiate a Random Access procedure on the new activated BWP; if the MAC decides to ignore the PDCCH for BWP switching, the MAC entity shall continue with the ongoing Random Access procedure on the active BWP.

If the bandwidthPartInactivityTimer 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 or uplink grant is received on the active BWP; or

2>
if a MAC PDU is transmitted in a configured uplink grant or received in a configured downlink assignment:

3>
if there is no ongoing random access procedure associated with this Serving Cell:
4>
start or restart the bandwidthPartInactivityTimer associated with the active DL BWP.
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 bandwidthPartInactivityTimer associated with the active DL BWP.

2>
if Random Access procedure is initiated on this Serving Cell:

3>
stop the bandwidthPartInactivityTimer of this Serving Cell.
3>
if the Serving Cell is SCell (other than PSCell):
4>
stop the bandwidthPartInactivityTimer of SpCell, if running.
2>
if the bandwidthPartInactivityTimer 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.

NOTE:
The MAC entity determines whether an ongoing random access procedure is considered successfully completed before whether to start or restart the bandwidthPartInactivityTimer .
<Proposal1 - Modifying the normative wording>
5.15
Bandwidth Part (BWP) operation
[…].

If the MAC entity receives a PDCCH for BWP switching while a Random Access procedure is ongoing in the MAC entity, it is up to UE implementation whether to switch BWP or ignore the PDCCH for BWP switching, except for the PDCCH reception for BWP switching addressed to the C-RNTI for successful contention resolution (as specified in subclause 5.1.5) in which case the UE shall perform BWP switching to a BWP indicated by the PDCCH. Upon reception of the PDCCH for BWP switching other than successful contention resolution, if the MAC entity decides to perform BWP switching, the MAC entity shall stop the ongoing Random Access procedure and initiate a Random Access procedure on the new activated BWP; if the MAC decides to ignore the PDCCH for BWP switching, the MAC entity shall continue with the ongoing Random Access procedure on the active BWP.

If the bandwidthPartInactivityTimer 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 or uplink grant is received on the active BWP; or

2>
if a MAC PDU is transmitted in a configured uplink grant or received in a configured downlink assignment:

3>
if there is no ongoing random access procedure associated with this Serving Cell; or
3>
if the received PDCCH will result in successful completion of a random access procedure associated with this Serving Cell:
4>
start or restart the bandwidthPartInactivityTimer associated with the active DL BWP.
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 bandwidthPartInactivityTimer associated with the active DL BWP.

2>
if Random Access procedure is initiated on this Serving Cell:

3>
stop the bandwidthPartInactivityTimer of this Serving Cell.
3>
if the Serving Cell is SCell (other than PSCell):
4>
stop the bandwidthPartInactivityTimer of SpCell, if running.
2>
if the bandwidthPartInactivityTimer 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.
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