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1
Introduction 
A new concept of defining channel bandwidth for NR and its implication on UE RF requirements had been discussed in the past two RAN4 meetings [1-2]. The idea of having flexible channel bandwidth to achieve better spectrum utilization efficiency as compared to legacy LTE has inspired further studies on realizing the new concept. In this contribution, we would like to share our views on the feasibility of having flexible channel bandwidth from UE radio transceiver implementation point of view and how the UE RF specifications can be defined.         
2
Discussion
2.1 Constraint in LTE finite bandwidth set

The finite bandwidth set in LTE has created certain constraint in spectrum utilization as had been highlighted in [2]. One aspect being concerned is operator’s spectrum holding not in unit of LTE carrier bandwidth or the sum of LTE carrier bandwidth. For example, if an operator holds 7 MHz spectrum in a certain band, the maximum bandwidth which the network could use would be 5 MHz (single carrier) or 6.4 MHz (CCA), as shown in Figure 2.1-1. This would leave either 2 MHz or 0.6 MHz spectrum unattended which is rather inefficient in spectrum utilization.  
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Figure 2.1-1 LTE spectrum utilization for a 7MHz bandwidth
To mitigate this issue, a study item on LTE bandwidth flexibility enhancements had been introduced in RAN #72 meeting [3]. The essence of this flexible bandwidth proposal is to allow the available spectrum fully populated with PRB without being constrained by the LTE bandwidth on the network side. While on the UE side, each user still operates under a fixed maximum LTE channel bandwidth inside the available network spectrum with overlapped channels as illustrated in Figure 2.1-2. Notice that the scope of this SID proposal would limit the flexible bandwidth to below 20 MHz as being constrained by the legacy LTE maximum channel bandwidth.
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Figure 2.1-2 Example of LTE bandwidth flexibility enhancements as proposed in [3]
2.2 Flexible channel bandwidth for NR

For NR the similar operation scheme can potentially be applied without the restriction of maximum channel bandwidth provided the spectrum is available. On the other hand, for NR it is also not necessary to limit UE operation to a finite set of channel bandwidth as UE design can be flexible to accommodate various channel bandwidth as will be explained below.
A typical UE heterodyne receiver as shown in Figure 2.2-1 would swallow the entire signal within the band being selected by the front-end filter (including wanted and unwanted signals). In LTE, a wanted signal inside a band can be in the form of a single carrier, a contiguous CA, or a non-contiguous CA. If we leave out the constraint of fixed channel bandwidth and apply the concept of partial RB allocations in LTE, the entire signal within the band can virtually be treated as a single carrier. From UE radio transceiver implementation point of view, a UE receiver can base on the effective bandwidth of the desired signal (could be the entire band) to decide how many down-conversion paths to be used. As is exemplified in Figure 2.2-2, where architecture (a) can accommodate a wide-band carrier in a single IF signal path, while architecture (b) needs to divide the carrier into a few overlapping narrower bandwidth sub-blocks to be processed by multiple IF single paths due to its ADC bandwidth limitation. From network operation and scheduling perspective, this part of UE implementation details shall be transparent to the network and UE only needs to report its maximum total bandwidth handling capability.
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Figure 2.2-1 A typical UE heterodyne receiver with RF front-end reception of entire band range
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Figure 2.2-2 UE implementation options for processing a wide-band carrier
2.3 How to specify UE RF specifications with flexible channel bandwidth?

The flexible channel bandwidth as implied in LTE-like OFDM access scheme for NR could mean the channel bandwidth resolution to be as fine as a PRB or even down to a sub-carrier. However, it would not be feasible to define UE RF specifications for every possible channel bandwidth down to this fine grid. On the other hand, testing each every channel bandwidth or a bunch of them within a bandwidth range likely would not provide additional new information on UE device performance nor improve test coverage if the similar specification scaling approach in LTE would be adopted. Hence, for NR with flexible channel bandwidth, it is suggested to only select a set of channel bandwidth to define UE RF specifications, as summarized below.
For sub-6GHz radio, the maximum channel bandwidth up to 200 MHz with the following bandwidth set for UE RF specifications can be considered in Rel-15.

[5MHz, 10MHz, 20MHz, 40MHz, 80MHz, 200MHz]

For above-6GHz radio, the maximum channel bandwidth up to 1 GHz with the following bandwidth set for UE RF specifications can be considered in Rel-15.

[100MHz, 200MHz, 400MHz, 800MHz, 1GHz]

The maximum channel bandwidth shall be allowed for further extension for future releases beyond Rel-15.      
3
Conclusion and Proposals
In this contribution, we discussed the constraint of spectrum utilization in LTE with finite channel bandwidth set and proposed having flexible channel bandwidth for NR with key aspects as summarized below.
Proposal 1: NR to support flexible channel bandwidth with bandwidth resolution down to a single PRB in both DL and UL.
Proposal 2: From network operation and scheduling perspective, UE only needs to report its maximum total bandwidth handling capability.
Proposal 3: For sub-6GHz radio, the maximum channel bandwidth up to 200 MHz with the following bandwidth set for UE RF specifications can be considered in Rel-15.
[5MHz, 10MHz, 20MHz, 40MHz, 80MHz, 200MHz]
Proposal 4: For above-6GHz radio, the maximum channel bandwidth up to 1 GHz with the following bandwidth set for UE RF specifications can be considered in Rel-15.

[100MHz, 200MHz, 400MHz, 800MHz, 1GHz]
Proposal 5: The maximum channel bandwidth shall be allowed for further extension for future releases beyond Rel-15.
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