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1. Introduction & Background

In RAN1#90 and NR AH#3 meeting, the activation and deacitvtion of bandwidth part (BWP) and related issues were 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
Agreements:
· In Rel-15, for a UE, there is at most one active DL BWP and at most one active UL BWP at a given time for a serving cell

Agreements:
· For each UE-specific serving cell, one or more DL BWPs and one or more UL BWPs can be configured by dedicated RRC for a UE

· FFS association of DL BWP and UL BWP

· FFS definition of an active cell in relation to DL BWP and UL BWP, whether or not there are cross-cell/cross-BWP interactions

Agreements:
· NR supports the case that a single scheduling DCI can switch the UE’s active BWP from one to another (of the same link direction) within a given serving cell

· FFS whether & how for active BWP switching only without scheduling (including the case of UL scheduling without UL-SCH)
For the DCI size, it has been discussed and agreed in [1] that two DCI sizes should be supported as below:
Agreements:
· At least two DCI sizes are defined.
· One DCI size, which is at least for the purpose of fallback.

· FFS: for other purposes.

· One DCI size depending on configuration

· FFS: whether both DL and UL have the same size or different.

· FFS: for group-common DCI/PDCCH
· Note: the UE is not necessarily required to monitor two DCI sizes at the same monitoring occasion

However, there are still some remaining issues on BWP, such as the association of the DL and UL BWP, miss detection of the BWP activation DCI, the default BWP, and the DCI size of the BWP.  In this contribution, these issues will be further discussed.
2. Remaining issues on BWP
1.1. The association of the DL BWP and the UL BWP
In RAN1 NR AH#3, it has been already agreed that for a UE-specific serving cell, on or more DL BWPs and one or more UL BWPs can be configured by dedicated RRC for a UE as shown in figure 1. But the assocaiation of the DL BWP and the UL BWP is still not decided yet. The paired DL/UL BWP is one option of the DL/UL BWP assocations. However, since it has already been agreed in RAN1 NR AH#2 that
Agreement:
· For FDD, separate sets of bandwidth part (BWP) configurations for DL & UL per component carrier

· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS

· The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS
· For TDD, separate sets of BWP configurations for DL & UL per component carrier

· The numerology of DL BWP configuration is applied to at least PDCCH, PDSCH & corresponding DMRS

· The numerology of UL BWP configuration is applied to at least PUCCH, PUSCH & corresponding DMRS
· For UE, if different active DL and UL BWPs are configured, UE is not expected to retune the center frequency of channel BW between DL and UL
Therefore, the DL BWP and the UL BWP are configured to the UE separately. The pairing of the DL BWP and the UL BWP will impose constrains on the configured BWPs, i.e. only the paired DL BWP and UL BWP can be activated simultaneously. On the contrary, from the above agreements, the gNB can indicate any DL BWP and UL BWP to a UE for activation in a FDD system. Furthermore, the gNB can indicate any DL BWP and UL BWP with the same center frequency to a UE for activation in a TDD system. Since the activation/deactivation of the BWP of the UE is instructed by gNB, no paring or association of the DL BWP and UL BWP should be mandatory even for TDD system. It can be up to gNB implementation.
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Figure 1 BWP usage scenario 2

Proposal 1: No paring or association of the DL BWP and UL BWP should be supported.

Proposal 2: TDD UE does not support the frequency retuning across the active DL BWP and UL BWP. 

1.2. DCI for BWP activation/deactivation
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Figure 2 repeated transmission of activation/deactivation DCI

A single DCI can switch the UE’s active BWP form one to another (of the same link direction) within a given serving cell. A separate field should be used in the scheduling DCI to indicate the index of the BWP for activation, such that UE is able to determine the current DL/UL BWP according to a detected DL/UL grant without requiring any other control information. In case the BWP change does not happen during a certain time duration, the multiple scheduling DCIs transmitted in this duration should contain the indication to the same BWP. During the transit time when potential ambiguity would happen, gNB can send scheduling grants in the current BWP or together in the other BWPs containing the same target BWP index, 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. By this way the potential ambiguity between gNB and UE on the current operating BWP can be avoided. 
Proposal 3: Each DL/UL scheduling DCI should contain the bit field dedicated to indicate current BWP. 
Proposal 4: gNB may transmit scheduling DCIs on both source and target BWP during the BWP change and the same BWP index, i.e. the target BWP should be indicated by both DCIs. 

1.3. Default BWP
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. As agreed in RAN1 NR AH#3 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 default DL BWP. A new timer “BWPDeactivationTimer” can be defined to deactivate the original BWP and switch to the default BWP. The “BWPDeactivationTimer” is started when the original BWP is activated by the activation/deactivation DCI. If PDCCH on the original BWP is received, restart the “BWPDeactivationTimer” associated with the original BWP. If the “BWPDeactivationTimer” expires, deactivate the original BWP and switch to the default BWP, stop the “BWPDeactivationTimer” for the original BWP, and flush all HARQ buffers associated with the original BWP.
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. Furthermore, on a Scell, there will be no initial active BWP since the initial access is performed on the Pcell. Therefore, the initially activated DL BWP and/or UL BWP when the Scell is activated should be configured or reconfigured by RRC signaling. Similarly, the default BWP of the Scell should also be configured or reconfigured by RRC signaling. To strive for a unified design for both Pcell and Scell, it is proposed that the default BWP should be configured or reconfigured by the RRC signaling and the default BWP is one of the configured BWPs of the UE.
Proposal 5: One of the RRC configured BWPs is configured as default BWP per serving cell.  
Proposal 6: New “BWPDeactivationTimer” should be defined for timer-based active DL BWP switching.

1.4. DCI size of BWP

The DCI size of the BWP should consider two cases. One case is the normal DCI detection without BWP retuning, and the other case is the DCI detection during the BWP retuning. In general, it is preferred to have a DCI format which is independent of the BW of the active DL/UL BWP (which we called ‘fallback DCI’). That is to say, there is at least one of DCI formats for DL can be configured to have the same size to a UE for all configured DL BWPs of a serving cell, and there is also at least one of the DCI formats for UL can be configured to have the same size to a UE for all configured UL BWPs of a serving cell. And another BWP-dependent DCI format which could also be monitored at the same time (which we called ‘normal DCI’) for both active DL BWP and active UL BWP. A UE can be configured to monitor both DCI formats at the same time. During the BWP activation/deactivation, gNB can assign fallback DCI format in order to avoid another ambiguity during the transition period.
Proposal 7: Both BWP dependent and BWP independent DCI format should be supported.
3. Conclusion

In this contribution, we investigated the remaining issues of the BWP in NR, The following proposals are given:
Proposal 1: No paring or association of the DL BWP and UL BWP should be supported.

Proposal 2: TDD UE does not support the frequency retuning across the active DL BWP and UL BWP.

Proposal 3: Each DL/UL scheduling DCI should contain the bit field dedicated to indicate current BWP. 

Proposal 4: gNB may transmit scheduling DCIs on both source and target BWP during the BWP change and the same BWP index, i.e. the target BWP should be indicated by both DCIs. 

Proposal 5: One of the RRC configured BWPs is configured as default BWP per serving cell.  

Proposal 6: New “BWPDeactivationTimer” should be defined for timer-based active DL BWP switching.

Proposal 7: Both BWP dependent and BWP independent DCI format should be supported.
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