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1 Introduction
In RAN1 AH#3 [1], the agreements for activation/deactivation of bandwidth parts are as follows:
· 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)
In RAN1#90 meeting [2], agreements for activation/deactivation of bandwidth parts are as follows: 
· 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

And in RAN1 AH#2, the agreements for DL BWP and UL BWP configuration are [3]:

· 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 

In RAN1#89 meeting [4], agreements for bandwidth parts are as follows:

· Specify necessary mechanism to enable UE RF retuning for BWP switching
In this contribution, we give our views on the bandwidth adaptation with bandwidth parts (BWPs). We discuss the activation and deactivation of DL and UL BWPs, the fall back mechanism for activation and the retuning mechanism for BWP switching. Other remaining issues on wideband operation could be found in our companion contribution [5]. This is a revision of R1-1715571.
2 Indication of BWP activation/deactivation
In NR, separate sets of BWPs are configured for DL & UL per component carrier in the agreements [2]. Separate activation/deactivation of DL & UL BWPs provides the flexibility of scheduling for DL and UL. For example, to reduce the UE power consumption on blind decoding the PDCCH, switching between a smaller DL BWP and a larger DL BWP could be indicated by gNB. However, working on a smaller UL BWP has no much gain on power saving. 
As in the agreements [3], for TDD, if different active DL and UL BWPs are configured, the UE is not expected to retune the center frequency of channel BW between DL and UL. An activation/deactivation in an implicit way can be considered to avoid this retuning. As shown in Fig.1, two cases are analysed:
· Case1: The center frequency of the activated DL BWP is not changed in switching.
As shown in Fig.1(a), the DL BWP0 is deactivated and DL BWP1 is activated. Since the center frequency of DL BWP0 and DL BWP1 is the same, no center frequency retuning is needed between DL BWP1 and UL BWP0, and it is not necessary to deactivate UL BWP0 and activate a new UL BWP.
· Case2: The center frequency of the activated DL BWP is changed in switching.
As shown in Fig.1(b), the DL BWP0 is deactivated and DL BWP1 is activated. Since the center frequencies of DL BWP0 and DL BWP1 are different, it is necessary to deactivate UL BWP0 and activate UL BWP1, whereby UL BWP1 and DL BWP1 have the same center frequency. In this way, the UL BWP1 is activated without explicit UL grant and the retuning of the center frequency between active DL BWP and active UL BWP can be avoided.
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Figure 1 DL BWP activation with the same and different center frequency
Proposal 1:  The activation/deactivation of DL and UL BWPs should be indicated separately. For TDD, if the center frequency of the activated DL BWP and deactivated DL BWP is not aligned, the active UL BWP should be switched implicitly.
2.1 Activation/deactivation by DCI
In RAN1#90 [2], it is agreed that DCI can be adopted to activate/deactivate the BWPs explicitly. With explicit DCI, the BWP activation/deactivation information, e.g., the BWP index and so on, is explicitly indicated in the DCI. The explicit DCI can be further classified into the scheduling DCI and the DCI without scheduling. Both methods should be supported for different cases. If the activation of BWP is for data transmission, a scheduling DCI can be adopted to indicate the activation/deactivation simultaneously for low latency. For the DCI without scheduling, two cases can be considered: The first usage case is that BWP activation for energy saving, i.e., activating a BWP with a small bandwidth just for PDCCH monitoring. The second usage case is to switch to the new BWP to obtain the CQI before the data scheduling. And the details of these two options are as follows:
· Scheduling DCI: 
In this option, the BWP switching information and the corresponding resource allocation are included in one DCI. Compared with separate DCI, the overhead of signalling can be reduced. DCI without scheduling.
· DCI without scheduling: 
This DCI can be a separate UE-specific DCI. Bitmap can be adopted for the activation/deactivation of multiple BWPs, and HARQ-ACK for this DCI can be kept to deal with the misdetection. Although a separate DCI will increase the complexity of blind detection, it can effectively support the activation of multiple active BWPs. Besides, a special design for robustness of such a DCI can be considered. Another option is to reuse the normal DCI without scheduling. It can be taken as an implementation issue of DCI with scheduling, for example, the resource allocation field can be set to zero. No data will be scheduled in this case.
As a scheduling DCI for BWP switching, the DCI is sent on the current active BWP and scheduling information is for the new BWP. Similar to CIF in LTE, a BWP indicator field (BIF) should be included in this scheduling DCI. In the scenario that there is a single active BWP, there will be only one DCI in a slot for scheduling the current BWP or scheduling another BWP. Therefore, the same CORESET could be used for the DCI scheduling the current BWP and the DCI scheduling another BWP, and no DCI congestion occurs. To reduce the number of blind decoding, it is better to keep the same DCI payload size for the DCI scheduling current BWP and the scheduling DCI for BWP switching. 

Proposal 2:  Support the same CORESET for the DCI scheduling current BWP and the scheduling DCI for BWP switching. 

To support the scheduling DCI for BWP switching, a BWP group could be configured by gNB, in which the same numerology is assumed in one group. Then BWP switching for the BWP group could be configured, in which BIF is present in the CORESETs for all BWPs in the group.
Proposal 3: Scheduling DCI for BWP switching is configured per BWP group, in which any one active BWP in the group can be switched to any other BWP in the group.
Specifically, how to design the resource allocation field with the same length for different BWPs should be discussed. One option is setting the bit field length of the resource allocation in the DCI as the largest RBG number among all configured BWPs if type 0 is adopted. As shown in Fig. 2, the bit length is 7 for the BWP2 and 5 for BWP1, then 7 is adopted and 2 bits are reserved for BWP1. The bit length of the RA field is UE-specific, which depends on the BWPs that configured to this UE. 
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Figure 2 Activation/deactivation with scheduling DCI for BWP switching
Proposal 4: The size of Type0 RA bitmap is the maximum RBG number in the configured BWPs.
2.2 Activation/deactivation by timer
Timer-based BWP activation/deactivation can be considered in the following two scenarios where a UE switches to a default BWP when the timer expires.
1) Power saving for a UE switching to a default BWP with smaller BW

2) Fallback for a UE missing DCI based activation/deactivation signaling in BWP1 to switch BWP1 to BWP2.
Observation 1: Timer-based BWP activation/deactivation can be used in the cases of power saving and fallback operation.

A DL BWP other than the initial active DL BWP can be configured to a UE as the default DL BWP. The reasons are as following. One is for load balancing otherwise all UEs will switch to the same initial active DL BWP. The other one is because of different numerologies used for active DL BWP and initial active DL BWP. For the latter one, there is no strong motivation for a UE to change its numerology in the case of power saving or fallback since the UE may still have traffic transmitted in the default BWP.

Proposal 5: The default DL bandwidth part can be reconfigured by the network.
A new timer is preferred for either power saving or fallback. The main reason is the introduction of new status in these two scenarios compared with DRX. In DRX, a UE does not need to monitor PDCCH when the DRX timer expires. However, in the case of either power saving or fallback, a UE is required to monitor PDCCH in the default DL BWP. Therefore, it is not a good choice to reuse DRX timer for a UE to switch its active DL BWP to the default DL BWP.

For power saving, DRX timer can be considered as a baseline. Generally, an “On duration” can be configured and the timer starts when a UE-specific PDCCH is successfully decoded indicating a new transmission during the “On duration”. Moreover, the time restarts when a UE-specific PDCCH is successfully decoded indicating a new transmission and stops once the UE is scheduled to switch to the default DL BWP.
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Figure 3 Timer for power saving
For fallback, the timer can starts once the UE switches to a new DL BWP. The timer restarts when any UE-specific PDCCH is successfully decoded. Such UE-specific PDCCH can be associated with a new transmission, a retransmission or some other purpose, e.g., SPS activation/deactivation if supported.
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Figure 4 Timer for fallback
Proposal 6: Support a new timer for the activation of a default BWP.
2.3 Activation/deactivation by time pattern

Time pattern should also be supported for the BWP activation/deactivation. For example, time pattern can be considered to support the CSS monitoring if the CSS is not carried in the active BWP. The UE can be switched to the BWP with CSS periodically with a time pattern. Since multiple RMSIs exist in the carrier, and if the CSS for RMSI is right located in the current active BWP, to avoid the overhead of RF retuning, the previous BWP with CSS monitoring can be deactivated in an implicit way.
3 Guard period for RF retuning
3.1 RF retuning time
As given by RAN4, the time for RF retuning is different with different cases. 

· Up to 20 µs if the center frequency is the same before and after the bandwidth adaptation for intra-band operation

· 50 ~ 200 µs if the center frequency is different before and after the bandwidth adaptation for intra-band operation

· Up to 900 µs for inter-band operation

Except for the time for RF retuning, some other time for the BWP switching, e.g., baseband operation and AGC adjustments should be also taken into account. A guard period could be defined to take RF retuning and the related operations into account. Since the UE can neither transmit nor receive signals in the guard period. It is important for the gNB to know the length of the guard period. Thus, the length of the guard period should be reported to the gNB as a UE capability. The length of the guard period is closely related on the numerologies of the BWPs, the length of the slot and so on. One option is to report the absolute time in µs, and another option is to report the guard period in symbols. 

Proposal 7: The length of the guard period for RF retuning should be reported as a UE capability.
3.2 Guard period for DCI and timer based BWP switching
After the gNB knows the length of the guard period by UE reporting, it should take the guard period into account in the scheduling for BWP switching. In this section we discuss about the guard period for BWP switching triggered by DCI and timer.

For the BWP switching triggered by DCI, considering the flexible HARQ in NR, the impact of RF retuning should be considered in scheduling. Take the scheduling timing k0 for example, as shown in Figure 5, it is important for the gNB to schedule a PDSCH with a distance at least larger than the guard period if the BWP switching is needed. However, this might be taken as an implementation issue at the gNB without spec impact. In similar, some other channel/signals triggered by scheduling, PUSCH and PUCCH are also scheduled and the guard period can be an implementation issue.
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Figure 5 Guard period for DCI based BWP switching
For the BWP switching triggered by timer, the timer will be expired if no PDCCH is detected for some time, which further triggers the BWP switching, as shown in Figure 6. Since the gNB knows the length of the guard period, it can leave enough time between the timer expiring and the scheduling in the new BWP, so the specification of guard period may bot needed.
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Figure 6 Guard period for timer based BWP switching
Observation 2: Guard period for DCI and timer based BWP switching can be an implementation issue.
3.3 Guard period for time pattern based BWP switching
For BWP switching following some time pattern, the position of the guard period should be defined. For example, if the UE is configured to switch periodically to a default BWP for CSS monitoring, as shown in Figure 7, the position of the guard period should be defined not to affect the symbols carrying CSS, the guard period can be predefined as the last several symbols of the slot, which will not affect the monitoring of PDCCH in the next slot.
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Figure 7 Guard period of time pattern based BWP switching
Proposal 8: The guard period for RF retuning should be predefined for time pattern triggered BWP switching.
4 Conclusion

Based on the discussions above, we have the following proposals:
Proposal 1:  The activation/deactivation of DL and UL BWPs should be indicated separately. For TDD, if the center frequency of the activated DL BWP and deactivated DL BWP is not aligned, the active UL BWP should be switched implicitly.
Proposal 2:  Support the same CORESET for the DCI scheduling current BWP and the scheduling DCI for BWP switching. 

Proposal 3: Scheduling DCI for BWP switching is configured per BWP group, in which any one active BWP in the group can be switched to any other BWP in the group.
Proposal 4: The size of Type0 RA bitmap is the maximum RBG number in the configured BWPs.
Observation 1: Timer-based BWP activation/deactivation can be used in the cases of power saving and fallback operation.

Proposal 5: The default DL bandwidth part can be reconfigured by the network.
Proposal 6: Support a new timer for the activation of a default BWP.
Proposal 7: The length of the guard period for RF retuning should be reported as a UE capability.
Observation 2: Guard period for DCI and timer based BWP switching can be an implementation issue.
Proposal 8: The guard period for RF retuning should be predefined for time pattern triggered BWP switching.
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