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1. Introduction & Background

In RAN1 NR AH#2 meeting, the activation and deacitvtion of bandwidth part (BWP) was further discussed, and the  activation / deacitvtion methods were as shown below [1].

Agreements:
· Activation/deactivation of DL and UL bandwidth parts can be
· by means of dedicated RRC signaling 
· Possibility to activate in the bandwidth part configuration
· by means of DCI (explicitly and/or implicitly) or MAC CE [one to be selected]
· by means of DCI could mean
· Explicit: Indication in DCI (FFS: scheduling assignment/grant or a separate DCI) triggers activation/deactivation
· Separate DCI means DCI not carrying scheduling assignment/grant
· Implicit: Presence of DCI (scheduling assignment/grant) in itself triggers activation/deactivation
· This does not imply that all these alternatives are to be supported. 
· FFS: by means of timer 
· FFS: according to configured time pattern
In RAN1 NR AH#2 meeting, it is also agreed that the primary focus is the single active bandwidth part case, which means that the activation of a target BWP will automatically trigger the deactivatio of the original BWP.
Agreement:
· Primary focus is to complete the single active bandwidth part case
· If time is available later after completing the single active bandwidth part case, following cases should be considered for UE
· For a single carrier WB UE, multiple active bandwidth parts with different numerologies are configured for a UE simultaneously

· One TB is mapped per each active BWP. 

· FFS: The multiple active BWPs may overlap in frequency domain.

· FFS: Cross-BWP scheduling is supported.

Therefore, it is not necessary to activate and deactivate the BWPs separately. In this document, we investigate the activation/deactivation methods of BWP.
2. Activation/deactivation of the BWP
In RAN1#89, the working assumption from RAN1#88bis meeting was confirmed. It is agreed that one or multiple bandwidth part configurations for each component carrier can be semi-statically signalled to a UE. The agreements imply that the configuration of the BWP of the UE will be signaled via higher layer signaling, such as RRC signaling. The activation/deactivation of the BWP among the configured BWP set is preferred to be in a faster way than the RRC signaling, i.e. DCI or MAC CE.
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. 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, therefore, it is not possible to trigger the activation/deactivation by scheduling/grant DCI, a separated DCI which is used for BWP activation/deactivation only should be supported. During the data transmission, the activation/deactivation should be triggered by scheduling/grant DCI, UE only needs to decode the scheduling/grant DCI. When there is no data transmission for UE, separate DCI detection should be additionally supported.
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Figure 1 BWP usage scenario 2

Proposal 1: Both scheduling/grant DCI and separate DCI should be supported for BWP activation/deactivation.

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.  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 will be different for each transmission. For separate DCI, the repeated transmission means that the separate DCI will be transmitted K times. In order to explicitly indicating the exact activation/deactivation time, a timer/counter can be included in the DCI. In each transmission, the timer/counter will increase or reduce by one compared with last transmission. Then when UE receive any of the K times transmission, it can switch to the target BWP at the desired time. However, it should be noted that improving the reliability of bandwidth part activation/deactivation DCI would increase the signaling delay and decrease the potentially gain over MAC CE based approach. 
Proposal 2: Repeated transmission of the BWP activation/deactivation DCI should be supported.

1.2. Activation/deactivation by MAC CE
As MAC CE is reliable, it has been used as activation/deactivation mechanism in LTE, e.g, CA cells activation/deactivation. In NR, MAC CE is also agreed as UL PDCP duplication activation/deactivation mechanism. Furthermore, BWP Activation/deactivation by MAC CE is considered as an alternative mechanism because the MAC CE activation/deactivation command is more reliable and robust due to the HARQ retransmission, compared with PDCCH activation/deactivation command.
Observation 1: MAC CE command can reliably activate and/or deactivate BWP.

However the processing delay (e.g. 3-5 slots) of MAC CE is more than processing delay (e.g. 1-2 slots) of the PDCCH activation/deactivation command. Additionaly an UL grant is required for the transmission of MAC CE. Thus, the MAC CE activation/deactivation may not be timely for fast switching between BWPs. However, as discussed in section 2.1, the activation delay using DCI may not be significantly shorter than a MAC CE approach, when the DCI reliablity is to be enhanced by repeated DCI transmission. 
Observation 2: The activation delay using MAC CE may not have significant difference than DCI based approach if DCI reliability is to be enhanced by repeated transmission. 
In case of Scell activation, the initial bandwidth part for an activated Scell should be signaled to the UE. It is straightforward that such activation command of initial bandwidth part for the Scell is included in the MAC CE which activates the Scell. It means that the MAC CE based banswidth part activation will anyway be specified at least for Scell, and can be reused for the single carrier case as well. 
Proposal 3: MAC CE is supported for BWP activation/deactivation.
3. Conclusion

In this contribution, we investigated the activation/deactivation of the BWP in NR, both the DCI based and the MAC CE based schemes were discussed. The following observations and proposals are given:
Observation 1: MAC CE command can reliably activate and/or deactivate BWP.

Observation 2: The activation delay using MAC CE may not have significant difference than DCI based approach if DCI reliability is to be enhanced by repeated transmission. 
Proposal 1: Both scheduling/grant DCI and separate DCI should be supported for BWP activation/deactivation.

Proposal 2: Repeated transmission of the BWP activation/deactivation DCI should be supported.

Proposal 3: MAC CE is supported for BWP activation/deactivation.
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