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Introduction

During the NR study item phase, RAN4 extensively discussed several aspects enabling us to efficiently utilize spectrum allocated by operators. In this contribution, we provide our consideration on flexibility of NR Channel Bandwidth, especially on how to specify NR Channel Bandwidth in Rel-15 taking allowed time in work item phase into account.
Discussion
During the study item phase, RAN4 extensively discussed several aspects enabling us to efficiently utilize spectrum allocated by operators. For example, a new methodology that a NR UE can access to a NR cell regardless of channel bandwidth in the cell was discussed [2]. In addition, possibility of flexible channel bandwidth was also discussed. Regarding the flexible channel bandwidth, it was clarified that the flexible channel bandwidth can potentially be specified if it is established that RF requirements can be linearly scalable with channel bandwidth or if RF requirements for a finite set of channel bandwidth can ensure UE/gNB performance. There are, however, no specific agreements on the flexible channel bandwidth and there are a lot of remaining aspects to be further studied.
From view point of efficient utilization of the allocated spectrum, it is quite attractive to utilize channel bandwidth in a flexible manner. Fundamental requirements for NR including channel bandwidth, however, should become stable by the early stage of the Rel-15 NR work item phase in order to complete the NR work in time, as we proposed in [3]. This means that unfortunately the current situation is that it would be challenging to specify full flexible channel bandwidth in Rel-15 NR WI. 
Based on the above situation, we consider a different approach enabling us to utilize spectrum as efficiently as possible. Our consideration is that the methodology that a NR UE can access to a NR cell regardless of channel bandwidth in the cell enables us to efficiently utilize the allocated spectrum to some extent. From RAN1 perspective, RAN1 has already agreed as shown in Annex that the NR PHY design enables NR UEs with different bandwidth capabilities to efficiently access the same NR cell regardless of the channel bandwidth. Here we discuss this methodology from RAN4 specification point of view.
Firstly, in NR RAN4 specification, RF bandwidth supporting single carrier in a cell provided by gNB and the largest bandwidth allowed for uplink or downlink transmission in a given RF bandwidth should be defined. Since the former corresponds with channel bandwidth in LTE and the latter corresponds with transmission bandwidth configuration in LTE, it would be natural to use the same terminologies in NR. Hereinafter the channel bandwidth and transmission bandwidth configuration are referred to CBW and TBC, respectively.
The existing LTE specification, except for eMTC and NB-IoT, assumes that the LTE UEs have capability of transmission and reception in whole of the CBW. In other words, the existing LTE specification permits a LTE UE to access to a LTE cell only if the LTE UE supports transmission and reception in whole of the CBW in the cell. On the other hand, the above assumption would not be considered in NR as discussed above. It should be noted that some RAN4 requirements are based on the maximum transmission/reception bandwidth. In addition, the information of maximum transmission/reception bandwidth supported by a NR UE is needed for resource allocation. Thus, a concept of the maximum bandwidth which the NR UE can transmit and/or receive should be newly defined. Hereinafter, this maximum bandwidth is referred to as UE Maximum Bandwidth (UMBW). Figure 1 shows an example of CBW, TBC and UMBW. It should be noted that CBW and TBC are cell specific parameters but UMBW is a UE specific parameter which does not depend on CBW/TBC.
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Figure 1: Example of CBW, TBC, and UMBW in NR

Proposal 1: Followings should be defined in NR.

· Channel bandwidth (CBW): RF bandwidth supporting single carrier in a cell provided by gNB
· Transmission bandwidth configuration (TBC): Largest bandwidth allowed for uplink or downlink transmission in a given channel bandwidth
· UE Maximum Bandwidth (UMBW): Maximum bandwidth which a NR UE can transmit and/or receive. 

· Note: UMBW is a UE specific and can be different between Tx and Rx

We show an example of resource allocation. If UMBW for a NR UE is smaller than CBW in a cell in which the NR UE accesses, gNB assigns the part of radio resources within the CBW as illustrated in Figure 2 case 1. If UMBW is larger than or equal to CBW, gNB assigns the whole radio resources to the UE as illustrated in Figure 2 case 2 and 3. By doing this, the UE can access to the NR Cell regardless of the CBW. 
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Figure 2: Example of resource allocation
Next we discuss how to specify CBW in Rel-15 NR. In Rel-15 NR WI, a limited number of fixed BW should be defined as a set of CBW. If necessity of the new CBW which has not been specified yet is clarified later, such CBW will be defined in future release. Since NR UE can access a NR cell regardless of CBW of the cell, the legacy NR UE can still access a cell of the new CBW. This means that this approach enables us to flexibly and efficiently utilize the allocated spectrum to some extent without unnecessary specification work.

Proposal 2: Limited number of fixed BW should be defined as subset of CBW in Rel-15 NR WI.

Proposal 3: If necessity of the new CBW which has not been specified yet is clarified later, such CBW will be defined in future release. 

In order to explain our proposal 2 and 3, we will give an example. In this example, 100MHz and 200MHz are specified as CBW  and there are four UEs, whose UMBW is 50MHz, 100MHz, 150MHz and 200MHz, respectively in Rel-15 as illustrated in figure 3(a). And we assume a case where the necessity of the 150MHz and 300MHz CBW are clarified in Rel-16 time line and they are specified in Rel-16. In this case, all of the legacy UEs can access not only 100MHz and 200MHz cells but also 150MHz and 300MHz cells cell as illustrated in figure 3(b). In addition, a new Rel-16 UE whose UMBW is more than 200MHz can be considered.
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(b)

Figure 3: Example to explain proposed methodology that a NR UE can access to a NR cell regardless of channel bandwidth in the cell
This proposed methodology is similar to the methodology introduced for eMTC enabling to accommodate the narrow band UEs. This means that NR UE RF requirements could be discussed based on the similar way used when we discussed eMTC UE RF requirements. For example, requirements of SEM for eMTC UE are specified based on CBW even if eMTC UE capability of transmission bandwidth is not the same size as CBW but rather than 6PRB.
Conclusion

In this contribution, we provide our consideration on flexibility of NR Channel Bandwidth, especially on how to specify NR Channel Bandwidth in Rel-15 taking allowed time in work item phase into account. Our proposals are as below:
Proposal 1: Followings should be defined in NR.

· Channel bandwidth (CBW): RF bandwidth supporting single carrier in a cell provided by gNB
· Transmission bandwidth configuration (TBC): Largest bandwidth allowed for uplink or downlink transmission in a given channel bandwidth

· UE Maximum Bandwidth (UMBW): Maximum bandwidth which a NR UE can transmit and/or receive. 

· Note: UMBW is a UE specific and can be different between Tx and Rx

Proposal 2: Limited number of fixed BW should be defined as subset of CBW in Rel-15 NR WI.

Proposal 3: If necessity of the new CBW which has not been specified yet is clarified later, such CBW will be defined in future release. 
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Annex
Agreements in RAN1#85:
· NR should support of flexible NW and UE channel bandwidth

· FFS: NR carrier bandwidth should consider to allow efficient unlicensed spectrum access

· The NR physical-layer design should allow for fine granularity in terms of NR carrier bandwidth 

· The NR physical-layer design should be such that devices with different bandwidth capabilities can efficiently access the same NR carrier regardless of the NR carrier bandwidth

· FFS: minimum bandwidth

· FFS: There should not be an assumption that devices necessarily support the same set of bandwidths for transmission and reception

· FFS: There should not be an assumption that the network carrier bandwidth is necessarily the same for downlink and uplink

