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1 Introduction
In RAN1#89 meeting [1], agreements for bandwidth parts are as follows:
· For the indication of active DL/UL BWP(s) to a UE, the following options are considered (including combinations thereof)

· Option #1: DCI (explicitly and/or implicitly) 

· Option #2: MAC CE

· Option #3: Time pattern (e.g. DRX like)

· Details FFS

· 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 indication of active BWPs, the fall back mechanism and the retuning mechanism for BWP switching. Other remaining issues on wideband operation could be found in our companion contribution [2].
2 Indication of BWP activation
In NR, it is agreed to consider three options to indicate the activation of BWP: DCI, MAC-CE and time pattern [1]. The pros and cons of these three options are analysed as follows:
· MAC-CE
In LTE, the activation/deactivation of serving cells is by MAC-CE. A bitmap is utilized to indicate which serving cell is activated and which serving cell is deactivated. Compared with DCI, MAC-CE is more reliable since it is transmitted by PDSCH with HARQ. However, it takes a longer time to receive this message due to the cross-layer operation. For example, in LTE, if this MAC-CE signalling is transmitted in slot n, the activation/deactivation will take effect on slot n+8.  Considering the frequent fluctuation of the burst traffic in NR, the service traffic might be already finished before the signalling takes effect. Therefore, it is not reasonable to adopt MAC-CE for activation/deactivation of BWPs in NR.
· DCI
We prefer DCI to indicate the activation/deactivation of BWPs considering its low latency. Both UE-specific DCI and group common DCI can be considered as follows:

· UE-specific DCI:
In order to reduce the overhead of DCI, the indication for BWP activation can be combined with the resource allocation field, for example, a 1-bit field can be added to indicate the UE whether switching to a new BWP. Furthermore, the resource allocation field can be divided into two parts. When the UE is indicated to switch to a new BWP, the first part of RA field can be the information field to indicate the frequency location and bandwidth of the new BWP, and second part of RA field can be a bitmap with every bit representing a RBG within the new BWP indicated by the first part of RA field; When UE is indicated not to switch to a new BWP, these two parts of RA field can be used for resource allocation.
· Group common DCI:

Similar to the indication of SRS carrier switching in LTE, this DCI can be a group common DCI. If the number of BWPs configured to the UE is large, to limit the payload of DCI, the BWP groups can be configured firstly with RRC signalling. A bitmap is adopted to indicate the activation/deactivation of the BWPs in the group. In addition, the bit field of each UE in this group common DCI should be indicated before receiving this DCI. 
However, there is a certain probability that the UE missed this scheduling assignment. To avoid this error, some fall back mechanism is need, which will be discussed in the later section.
· Time pattern
In this option the BWP activation/deactivation follows some time pattern. For one aspect, time pattern can be considered to support the receiving of periodic signals, e.g., synchronization signal and/or system information. For another aspect, supporting time pattern for some backup BWP should be considered to improve the reliability of the activation/deactivation DCI. 
Proposal 1: Support both DCI and time pattern to indicate the activation of bandwidth part, e.g., explicit UE-specific or group common DCI.
In LTE, for the active carriers, the UE needs to monitor the PDCCH of these carriers, and channel measurements and reporting, e.g. SRS is also supported. For the inactive carriers, PDCCH is not monitored and SRS is not transmitted. For the BWPs in NR, similar design can be considered. The CORESETs of the active BWPs should be monitored. 
Proposal 2: At least the CORESETs of active bandwidth parts should be monitored by the UE.
In addition to the activation by explicit signalling, some BWPs can be activated in an implicit way. For example, in the initial access procedures, the BWP for RMSI, which can be deemed as a common BWP, can be configured with PBCH. This configured BWP is critical for the following RACH procedures. It is not necessary to indicate the activation of this BWP with other signalling. This common BWP should be deemed as active once it is configured.  
Proposal 3: Common bandwidth part configured by PBCH should be deemed as active bandwidth part by default.
After the initial access, multiple BWPs can be configured to the UE. And to avoid the overhead of frequent retuning caused by the CSS monitoring. A new configured BWP can be activated and the CSS can be located in this BWP. In this way, the UE does not have to monitor the common BWP in the initial access period. The previous common BWP configured by PBCH can be deactivated in an implicit way.
Proposal 4: If multiple DL bandwidth parts are active for one UE, only one common search space should be monitored.

BWP adaptation can be considered to improve the performance of data transmission by scheduling the retransmission on another BWP. For example, if the initial transmission on BWP1 is failed. The retransmission can be scheduled on BWP2 with a larger bandwidth or a better channel condition. Besides, retransmission across BWPs should be supported to deal with the burst of traffic. If the initial transmission is a small packet with a narrow BWP, and with the sudden traffic increasing, the retransmission of this small packet should be within the new BWP with larger bandwidth. 

Proposal 5： Support the retransmission across BWPs.
3 Fallback of BWP activation
If DCI is adopted to indicate the BWP activation/deactivation, there is a possibility that the gNB and UE may not aligned in the current active BWPs. For example, the gNB transmits the DCI and the UE fails to receive it correctly. From the gNB’s perspective, the following data transmission will be scheduled on the new active BWPs, but from the perspective of UE, the active BWPs stay the same as before. ACK can be introduced for this activation signalling. However, the gNB might also fails to decode this ACK correctly. In this way, the UE will switch to the new active BWPs, but from the perspective of gNB, the UE fails to receive the DCI and the gNB will stay at the current active BWPs for the following transmission.

To deal with this problem, a fall back mechanism can be considered. As shown in Fig. 2(a), if the UE missed the DCI, the gNB will switch from BWP1 to the BWP2 while the UE stays at BWP1. Then, the gNB can fall back to BWP1 if no HARQ-ACK is received for data scheduling during a period. Another option is to introduce a new configured BWP3 for fall back, as shown in Fig. 2(b). The UE can be configured to switch to the BWP3 periodically to keep consistent with gNB on the current active BWPs. The gNB schedules the active BWP from BWP1 to BWP2, but the UE fails to detect the DCI, then the gNB will schedule the following data on BWP2 and the UE stays at BWP1, when the time for BWP3 comes, both the gNB and the UE switch to the BWP3 to get aligned with each other. Then the UE can be indicated to switch to the BWP2 at the BWP3.
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Fig.2. Example of BWP activation fall back
Proposal 6: Support fall back mechanism for bandwidth part activation/deactivation.
4 Retuning mechanism
Retuning time is the time for UE to adjust its RF frequency range. In the retuning time, the UE will neither transmitting the data nor receiving the scheduling. It is important to keep the symbols for retuning aligned between the gNB and the UE to avoid the futile scheduling. 

In eMTC of LTE, two symbols are adopted for retuning between the subframe boundaries and the location of retuning time between them is predefined. The RF retuning is deemed as UE behaviour and the scheduling will not be affected since the impact of retuning is small with only 2 symbols.
In NR, it is not easy to predefine the RF retuning time as in LTE since the length of the RF retuning time is different with different cases as given by RAN4. 
· 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
The impact of RF retuning should be considered in scheduling. Take the scheduling timing k0 for example, it is important for the gNB to scheduling a PDSCH with a distance at least larger than the retuning time if BWP switching is needed. The length of the retuning time for different cases should be reported to the gNB as a UE capability. One option is to report the absolute time in µs, and another option is to report the retuning time in symbols, which is closely related to the numerologies as shown in Table 1. We prefer the first option considering the reporting overhead.
Table 1. Retuning time in symbols with different numerologies

	SCS
	Number of symbols for retuning

	
	Intra-Band with

same center frequency
	Intra-Band with

different center frequency
	Inter-Band

	15kHz
	1
	1-4
	≤14

	30kHz
	1
	2-7
	≤27

	60kHz
	≤2
	3-12
	≤54


Proposal 7: The length of the guard period for RF retuning should be reported as a UE capability.
After the gNB knows the length of the retuning time by UE reporting, it is also important to keep the location of retuning time get aligned between the gNB and the UE. In LTE eMTC, for the uplink, the location of these two symbols depends on the channel types before and after retuning, i.e., PUCCH and PUSCH. For example, if the UE retunes from a first narrowband carrying PUSCH to a second narrowband carrying PUSCH, a guard period is created by the UE not transmitting the last symbol in the first subframe and the first symbol in the second subframe.
In NR, the BWP switching may not only exist between slot boundaries, but also in the slot. Considering the new slot types, many combinations of channel types before and after UE RF retuning makes the predefined retuning pattern quite complex. One example of RF retuning between PDCCH and PDSCH is given in Fig.3, whereby 1 symbol is adopted for RF retuning with intra slot scheduling and 4 symbols are adopted for RF retuning with cross slot scheduling.
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Fig.3 RF retuning examples from PDCCH to PDSCH
Similar to LTE, the location of the retuning time can be determined in a predefined way. It may not be possible for NR to adopt so many predefined retuning patterns. Restrictions can be considered to reduce the types of combination. Another option is to indicate the retuning time location directly with DCI. In this method, the impact of slot types and the channel types can be neglected. And how to reduce the overhead of this DCI should be further studied. 
Proposal 8: The starting/ending position of the guard period for UE RF retuning should be predefined and/or signalling in DCI.
5 Conclusion

Based on the discussions above, we have the following proposals:
Proposal 1: Support both DCI and time pattern to indicate the activation of bandwidth part, e.g., explicit UE-specific or group common DCI.

Proposal 2: At least the CORESETs of active bandwidth parts should be monitored by the UE.
Proposal 3: Common bandwidth part configured by PBCH should be deemed as active bandwidth part by default.
Proposal 4: If multiple DL bandwidth parts are active for one UE, only one common search space should be monitored.

Proposal 5: Support the retransmission across BWPs.
Proposal 6: Support fall back mechanism for bandwidth part activation/deactivation.
Proposal 7: The length of the guard period for RF retuning should be reported as a UE capability.
Proposal 8: The starting/ending position of the guard period for UE RF retuning should be predefined and/or signalling in DCI.
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