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1 Introduction
UE RF Bandwidth Adaptation is being examined as part of new radio study as a technology to reduce the UE’s power consumption. In RAN1 #86bis, the following was agreed [1]: 
	Agreements:
· At least for single carrier operation, NR should allow a UE to operate in a way where it receives at least downlink control information in a first RF bandwidth and where the UE is not expected to receive in a second RF bandwidth that is larger than the first RF bandwidth within less than X µs (FFS: value of X)

· FFS the first RF bandwidth is within the second RF bandwidth

· FFS the first RF bandwidth is at the center of the second RF bandwidth

· FFS the maximal ratio of the first RF bandwidth over the second RF bandwidth

· FFS detailed mechanism

· FFS RF bandwidth adaptation for RRM measurement


In this contribution we discuss various aspects to enable BWA operations for NR and share our views on this issue.  
2. Discussion
BWA enables UE fast and flexible adaptation of RF bandwidth in frequency domain to quickly respond to short term traffic variations, i.e. served by a first RF bandwidth in low loads for power saving, while be fast extended to a second larger RF bandwidth in heavy traffic demand. Flexible BWA can potentially be beneficial for NR from power saving perspective. To control the signalling overhead, BWA can be operated on a subband basis, each subband comprising a given number of consecutive RBs. In particular, some subbands may not contain synchronization signals and PBCH and are only used to serve the data traffic. It is therefore not required that every subband can include synchronization signals and PBCH.
Proposal 1: Study the subband-based solutions for bandwidth adaptation operations. 
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Figure 1: Subband-based BWA operations  
It is desirable to allow UE to receive data or other channels/signals in the 1st RF bandwidth in addition to the DL control channel because of the associated guard time overhead. Also, DCI formats may be transmitted only in a subset of DL subbands to reduce the blind decoding attempts and enable ICIC on PDCCH. 

Proposal 2:  Transmissions in the first RF bandwidth are not limited to downlink control information.
The question whether the 1st RF bandwidth is within the 2nd RF bandwidth is related to the frequency locations of the synchronization signals. There is a good chance that the network will configure the same frequency (or similar frequencies) between synchronization signals among NR cells in order to support neighbor cell search without inter-frequency measurement gaps. Moreover, it is our preference that the 1st and the 2nd RF bandwidth contain NR synchronization signals due to UE complexity issues, as elaborated in our companion contribution [2]. However, it is clear that the relative location of 1st and 2nd  RF bandwidth may directly impact on the signaing design for BWA operation.
Proposal 3: The first and second RF bandwidth may be partially overlapped as long as the partially overlapped RF BW part contains the synchronization signals .
Various signalling methods can be considered to control the subband-based BWA operations. With bursty data-transmission, it is more appropriate that additional subbands can be activated and deactivated quickly so as to achieve high data rate and support battery preservation. 
In LTE, MAC control element is used for activation and deactivation of an SCell, which can be extended for BWA operation in NR. Alternatively, L1 signaling can be studied for a reduced latency. 

In general, MAC signaling is more reliable than L1 signaling since it inherently benefits from L2 HARQ at the cost of relatively larger latency. The probability of PDCCH misdetection is typically in the order of 1-5% while MAC reliability (including L2 HARQ) is in the order of 10-3 (mainly dominated by DTX->ACK probability). Certain approach to improve the reliability of L1 signaling needs to be studied if fast BWA operation is justified. The delay performance of L1 signaling over MAC CE is unclear as it depends on several factors e.g. the number of HARQ retransmissions, eNB processing delay, PDSCH decoding and MAC processing delay in the UE. Also, if UE does not perform CQI like measurement on the extended subbands, the gNB scheduler may schedule UEs in a conservative way given that channel information for newly active subbands is not available, which woulddegrade the spectral efficiency of BWA operation. 
Note that the power saving gain of BWA highly depends on the scheduling strategy, traffic pattern, the frequency of BWA operations etc. The gain could be significant if the BWA is frequent, but is not so significant otherwise. It is therefore necessary to discuss what kind of BWA pattern is being targeted for NR in order to verify the benefit of fast BWA with L1 signaling. In our view, this work is essentially part of tradeoff analysis in order to determine whether there is any practical gain with L1 approach or not. In addition, we would prefer to not rush into the decision on signalling details in RAN1 before the issues [3] are clear in RAN4.  
Proposal 4:  Study the potential signaling methods for achieving good power saving with reasonable control signaling overhead.  
3. Conclusions

In this contribution, we discuss various aspects of support BWA operations for NR. In particular, we propose: 

Proposal 1: Study the subband-based aggregation for bandwidth adaptation operations. 

Proposal 2:  Transmissions in the first RF bandwidth are not limited to downlink control information.

Proposal 3: The first RF bandwidth is within the second RF bandwidth.

Proposal 4:  Study the potential signaling methods for achieving good power saving with reasonable control signaling overhead.  
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