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1. Introduction & Background

In RAN1#90 meeting, the activation and deacitvtion of bandwidth part (BWP) was further discussed, and the  activation / deacitvtion methods were as shown below [1].

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

In this contribution, we further investigate the details of activation/deactivation methods of BWP, including the miss detection of the DCI, and BWP activation during initial access.
2. Activation/deactivation of the BWP
In RAN1#90, it has been already agreed that DCI can be used to explicitly indicate the activation/deactivation of the BWP. However, it is not decided yet whether to use scheduling DCI or separate DCI for BWP activation/deactivation. Besides, the miss detection of DCI may lead to the connection loss of the UE since UE and gNB will have different understanding of the active BWP. Therefore, it is necessary to further investigate the solutions to avoid such problems.
1.1. Activation/deactivation by DCI
The activation/deactivation of the BWP by DCI will ensure timely switching to the target BWP, especially during the data transmission. E.g. a narrow bandwidth part BWP1 is activated for a UE at a given time instance, the BWP1 is only suitable for small amount of data transmission. When a large amount of data arrives, it is better to transmit on a wider bandwidth part, e.g. BWP2 as in usage scenario 2 in [2]. Therefore, the switching from BWP1 to BWP2 during data transmission should be supported. The scheduling/grant DCI can be used to trigger the activation/deactivation of the BWP. In order to carry the activation/deactivation information, an additional field should be added to the DCI to indicate the target BWP information, e.g. BWP index. Note that the additional field in DCI can enable the two types of bandwidth part retuning in a common manner, i.e. the current BWP1 is contained within the target BWP2 as shown in Figure 1, or the current BWP1 is not overlapping with target BWP2 as shown in Figure 3. When the UE decodes the DCI and gets target BWP index, UE can start to retune to the target BWP. In addition, there may also be the case that the data transmission on BWP2 for UE has been finished for a while and no new data is coming, then, it is better to retune the UE from the wider bandwidth part to a narrower one, i.e. BWP1. In this case, there will be no scheduling/grant DCI for the UE, then the timer triggered falling back to the default BWP is preferred as discussed in section 2.3. For all the configured BWPs, when there is no data for scheduling, the UE falls back to the default BWP, when there is data for scheduling, gNB uses the scheduling/grant DCI to indicate the UE to switch to the proper BWP. A separate DCI is not preferred due to additional overhead.
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Figure 1 BWP usage scenario 2

Proposal 1: Scheduling/grant DCI with a field for BWP index should be supported for BWP activation/deactivation.

1.2. Sulotions for activation/deactivation DCI miss detection
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Figure 2 repeated transmission of activation/deactivation DCI
DCI can timely activate/deactivate the BWP, however, the miss detection of DCI may lead to the connection loss of the UE since the gNB and the UE may work on different BWPs. A straight forward way to enhance the performance is to repeatedly send the activation/deactivation DCI K times, e.g. 2 or 3 times as shown in Figure 2. The UE is supposed to switch from BWP1 to BWP2. gNB sends the BWP activation/deactivation DCI in BWP1 in slot 0, 1and 2, and activates BWP2 from slot 1. UE missed the BWP activation/deactivation DCI in slot 0, but detects the DCI in slot 1. It switches to the BWP2 in slot 2 and starts to receive control information and data. gNB deactivates BWP1 for the UE in slot 3 after the repeated transmission of the activation/deactivation DCI. The miss detected transmission in BWP2 in slot 1 will be retransmitted later.
For scheduling/grant DCI, repeated transmission means that only the field indicating the BWP activation/deactivation is repeated, all the other fields concerning the scheduling/grant can be different for each scheduling DCI. In this case, every scheduling DCI should contain the BWP index information by which UE can obtain the proper BWP to which the scheduling information applies. During the transit time when potential ambiguity would happen, gNB can send scheduling grants in both the current and target BWPs containing the same BWP index information, such that UE can obtain the target BWP index by detecting the scheduling DCI in either one of the BWPs. Such “duplicated scheduling DCI” can be transmitted K times. Then when UE receive any of the K times transmissions, it can switch to the target BWP and start to receive or transmit (UL) in the target BWP according to the BWP indication field. 
Proposal 2: Repeated transmission of the BWP activation/deactivation DCI should be supported.

1.3. BWP activation/deactivation by timer 
For each UE, gNB can configure a set of BWPs by RRC. The UE transmits or receives in an active BWP from the configured BWPs in a given time instance. Within the set of configured BWPs, one of them can be used as default bandwidth part. As agreed in last meeting, 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 should be supported. When the timer at the UE side expires, e.g. the UE has not received scheduling DCI for X ms, it switches to the configured default DL BWP. Considering the trigger event of the fallback scheme, the DRX timer like “drx-InactivityTimer” or “sCellDeactivationTimer” as in current LTE specification can be considered to trigger the UE fallback to the default BWP. It is recommended that RAN2 decides the BWP activation/deactivation timer.
However, the gNB and the UE may have different understanding of the starting of the timer since the UE may miss scheduling grants. Therefore, the UE will be triggered to switch to the default BWP, but gNB still schedules the UE in the previous active BWP. In the case that the default BWP is nested within other BWPs, e.g., as shown in Figure 1, the narrow band BWP1 is the default BWP, it is possible to restrict the location of the CORESET of BWP2 to be within BWP1. Then the UE can always receive CORESET and switch back to BWP2 if it mistakenly switches to the default BWP.
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Figure 3 BWP usage scenario 3
In other cases such as BWP usage scenario 3, the default BWP and the other BWPs are not overlapped in frequency domain. Then it is not possible to solve the miss switching problem by restricting the location of the CORESET. Therefore, the gNB should also maintain a timer for each UE. When the timer expires, e.g. there is no data scheduling for the UE for Y ms, or gNB has not received feedback from the UE for Y’ ms, it switches to the default BWP to send paging signal or re-schedule the UE in the default BWP. 
Although the default DL bandwidth part can be the initial active DL bandwidth part, it is not preferred to fix the default bandwidth part to be the same as initial active bandwidth part it in the specification. Since the initial active DL BWP may be the SS block bandwidth which is common to UEs in the cell, the traffic load will be very heavy if many UEs fall back to such small bandwidth for data transmission. Configuring the UEs with different default BWPs will help to balance the load in the system bandwidth.
Proposal 3: One of the RRC configured BWPs is configured as default BWP. 
Proposal 4: RAN2 to decide timer used for the BWP activation/inactivation.

Proposal 5: No other conditions beyond the timer are needed to switch to the default BWP.

3. Conclusion

In this contribution, we investigated the details of activation/deactivation of the BWP in NR, The following proposals are given:
Proposal 1: Scheduling/grant DCI with a field for BWP index should be supported for BWP activation/deactivation.
Proposal 2: Repeated transmission of the BWP activation/deactivation DCI should be supported.

Proposal 3: One of the RRC configured BWPs is configured as default BWP. 

Proposal 4: RAN2 to decide timer used for the BWP activation/inactivation.

Proposal 5: No other conditions beyond the timer are needed to switch to the default BWP.
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