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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 RAN2 #100 meeting, RAN2 agreed that the UE stops the BWP inactivity timer when it initiates a random access procedure.
In this contribution, we discuss remaining issues on the BWP inactivity timer.
2. Discussions
2.1
Issues related to a random access procedure

The intention for UE to stop BWP inactivity timer when it initiates RA procedure is to avoid timer expiry during RA procedure. The timer expiry will result in autonomous BWP switching and thus interrupt the ongoing RA procedure on the current active BWP. If this occurs, the UE may need to stop the ongoing RA procedure and initiate a new RA procedure on the default BWP, which is undesired. 
According to current NR MAC spec [1], the BWP inactivity timer is started or restarted when a PDCCH indicating downlink assignment is received on the active (DL) BWP. This may include the PDCCH for Random Access Response (RAR) and Msg4 during RA procedure. In addition, it is also possible that NW may transmit DL data to the UE when the UE is performing a Contention-based RA procedure due to uplink data arrival. As a result, the BWP inactivity timer may be started/restarted again during the RA procedure. It is thus possible that the BWP inactivity timer may expire during the RA procedure.
Observation 1: Based on current BWP operation in MAC, the BWP inactivity timer may be started/restarted and expire during the RA procedure.
To avoid BWP switching during a RA procedure, not only the BWP inactivity timer should be stopped when the RA procedure is initiated, but also starting/restarting of the BWP inactivity timer should be “prohibited” during the entire RA procedure. More precisely, the latter action means the BWP inactivity timer is not started/retstarted when receiving a PDCCH during the RA procedure. 
Proposal1: Starting/restarting of the BWP inactivity timer is “prohibited” during the RA procedure. More precisely, the UE does not start/restart the timer when receiving a PDCCH indicating downlink assignment during the RA procedure.

In addition, if a contention-based RA procedure is initiated by the UE due to uplink data arrival, the BWP inactivity timer will remain “stopped” when the RA procedure is successfully completed as shown in the following figure 1. The BWP inactivity timer will not be started until the next DL traffic arrives. In case there is no DL traffic for a long time after the RA procedure completion, BWP switching to the default BWP will not occur because the BWP inactivity timer is still stopped. 

Observation 2: After successful completion of a RA procedure initiated by UE due to UL data arrival, BWP switching to the default BWP will not occur even if there is no DL traffic for a long time.
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Figure 1: The BWP inactivity timer remains “stopped” after successful completion of the RA procedure
To achieve the intention of introducing the BWP inactivity timer, the BWP inactivity timer should be started again upon successful completion of the RA procedure.
Proposal2: The BWP inactivity timer should be started upon successful completion of the RA procedure.
2.2
Issues related to configured resources
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 our view, this situation is undesired. This situation may occur no matter whether the length of the BWP inactivity timer is longer or shorter than the length of DL SPS interval as shown in Figures 2 and 3. Figure 2 illustrates the case where the length of the BWP inactivity timer is longer than the length of DL SPS interval, and Figure 3 illustrates the case where the length of the BWP inactivity timer is shorter than the length of DL SPS interval. 
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Figure 2: The length of BWP inactivity timer is longer than the length of DL SPS interval
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Figure 3: The length of BWP inactivity timer is shorter than the length of DL SPS interval

In case the length of the BWP inactivity timer is longer than the length of DL SPS interval (i.e. as shown in Figure 2), a simple way to avoid BWP inactivity timer expiry could be that the UE restarts BWP inactivity timer when the reception based on the configured downlink assignment occurs. However, if the length of DL SPS interval is larger than the length of BWP inactivity timer (i.e. as shown in Figure 3), the UE has no chance to restart BWP inactivity timer because the reception based on the configured downlink assignment may occur after expiry of BWP inactivity timer. Therefore, the previous way still cannot avoid the BWP inactivity timer expiry.
Observation 3: UE may switch back to the default BWP from a BWP due to expiry of the BWP inactive timer while it is receiving based on the configured downlink assignment on the BWP.
To solve the above issue, we propose:

Proposal3: RAN2 down select options to avoid UE leaving a BWP due to expiry of the BWP inactive timer while it is receiving based on the configured downlink assignment on the BWP:

a). UE should stop and not start or restart the BWP inactivity timer for an active BWP with configured downlink assignment; or

b). gNB should not configure the BWP inactivity timer for an active BWP with configured downlink assignment.
If the option a) of Proposal 3 is acceptable to RAN2, the corresponding text proposal is provided below.
3. Conclusion

We have the following observations and proposals related to BWP inactivity timer in NR.
Observation 1: Based on current BWP operation in MAC, the BWP inactivity timer may be started/restarted and expire during the RA procedure.
Observation 2: After successful completion of a RA procedure initiated by UE due to UL data arrival, BWP switching to the default BWP will not occur even if there is no DL traffic for a long time.
Observation 3: UE may switch back to the default BWP from a BWP due to expiry of the BWP inactive timer while it is receiving based on the configured downlink assignment on the BWP.
Proposal1: Starting/restarting of the BWP inactivity timer is “prohibited” during the RA procedure. More precisely, the UE does not start/restart the timer when receiving a PDCCH indicating downlink assignment during the RA procedure.

Proposal2: The BWP inactivity timer should be started upon successful completion of the RA procedure.

Proposal3: RAN2 down select options to avoid UE leaving a BWP due to expiry of the BWP inactive timer while it is receiving based on the configured downlink assignment on the BWP:

a). UE should stop and not start or restart the BWP inactivity timer for an active BWP with configured downlink assignment; or

b). gNB should not configure the BWP inactivity timer for an active BWP with configured downlink assignment.
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5. Text proposal for 38.321
5.3.1
DL Assignment reception

Downlink assignments transmitted on the PDCCH both indicate that there is a transmission on a DL-SCH for a particular MAC entity and provide the relevant HARQ information.

When the MAC entity has a C-RNTI, Temporary C-RNTI, or CS-RNTI, the MAC entity shall for each PDCCH occasion during which it monitors PDCCH and for each Serving Cell:
<Skip text>
1>
else if a downlink assignment for this PDCCH occasion has been received for this serving cell on the PDCCH for the MAC entity’s CS-RNTI:

2>
if the NDI in the received HARQ information is 1:

3>
consider the NDI for the corresponding HARQ process not to have been toggled;

3>
indicate the presence of a downlink assignment for this serving cell and deliver the associated HARQ information to the HARQ entity.

2>
if the NDI in the received HARQ information is 0:

3>
if PDCCH contents indicate SPS deactivation:

4>
clear the configured downlink assignment for this serving cell (if any);

4>
if the timeAlignmentTimer associated with the PTAG is running:

5>
indicate a positive acknowledgement for the SPS deactivation to the physical layer.

3>
else if PDCCH content indicates SPS activation:

4>
stop the BWP-InactivityTimer, if running; /* Proposal 3a */
4>
store the downlink assignment for this serving cell and the associated HARQ information as configured downlink assignment;

4>
initialise (if not active) or re-initialise (if already active) the configured downlink assignment for this serving cell to start in the associated PDSCH duration and to recur according to rules in subclause 5.8.1;

4>
set the HARQ Process ID to the HARQ Process ID associated with this PDSCH duration;

4>
consider the NDI bit for the corresponding HARQ process to have been toggled;

4>
indicate the presence of a configured downlink assignment for this serving cell and deliver the stored HARQ information to the HARQ entity.

5.15
Bandwidth Part (BWP) operation
A Serving Cell may be configured with at most four BWPs, and for an activated Serving Cell, there is always one active BWP at any point in time. 

The BWP switching for a Serving Cell is used to activate an inactive BWP and deactivate an active BWP at a time, and is controlled by the PDCCH indicating a downlink assignment or an uplink grant. Upon addition of SpCell or activation of an SCell, one BWP is initially active without receiving PDCCH indicating a downlink assignment or an uplink grant. The active BWP for a Serving Cell is indicated by either RRC or PDCCH (as specified in TS 38.213 [6]). For unpaired spectrum, a DL BWP is paired with a UL BWP, and BWP switching is common for both UL and DL.
On the active BWP for each activated Serving Cell configured with a BWP, the MAC entity shall apply normal operations including:
1>
transmit on UL-SCH; 

1>
transmit on RACH;

1>
monitor the PDCCH;

1>
transmit PUCCH;

1>
receive DL-SCH;

1>
(re-)initialize any suspended configured uplink grants of configured grant Type 1 according to the stored configuration, if any, and to start in the symbol according to rules in subclause 5.8.2.
On the inactive BWP for each activated Serving Cell configured with a BWP, the MAC entity shall:
1>
not transmit on UL-SCH; 

1>
not transmit on RACH;

1>
not monitor the PDCCH;

1>
not transmit PUCCH;

1>
not receive DL-SCH;

1>
clear any configured downlink assignment and configured uplink grant of configured grant Type 2;

1>
suspend any configured uplink grant of configured Type 1.
Upon initiation of the Random Access procedure, the MAC entity shall:
1>
if PRACH resources are configured for the active UL BWP:
2>
perform the Random Access procedure on the active DL BWP and UL BWP;

1>
else (i.e. PRACH resources are not configured for the active UL BWP):
2>
switch to initial DL BWP and UL BWP;

2>
perform the Random Access procedure on the initial DL BWP and UL BWP.

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. 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 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 and there is no configured downlink assignment on the active DL BWP; or /* Proposal 3a */
1>
if the Default-DL-BWP is not configured, and the active DL BWP is not the initial BWP and there is no configured downlink assignment on the active DL BWP: /* Proposal 3a */
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>
if Random Access procedure is not ongoing: /* Proposal 1 */
4>
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 Random Access procedure is successfully completed:

3>
start the BWP-InactivityTimer; /* Proposal 2 */
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.
