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1. Introduction
The channel bandwidth definition and maximum channel bandwidth was intensively discussed during RAN4#82Bis. A comprehensive WF was presented but consensus could not be reached as all the implications of the agreements were not yet very well understood. In this paper we elaborate on several proposal captured in [1].
2. Discussion
Addition of new channel bandwidths

A major limitation in LTE was that it was not possible to add new channel bandwidths in a backwards compatible way (legacy UEs supporting narrower bandwidth cannot work in a wider channel, e.g. 20MHz UE in a 40MHz channel). This limitation leads to the necessity of aggregating multiple CCs if there is a need to support wider bandwidths. CA operation creates additional overhead and complicates the specifications because of increased number of combinations. For NR, it is highly desirable that the design supports the introduction of new larger channel bandwidths in a backwards compatible way. This has multiple implications on the design that are explained below:

1. The design should accommodate the operation of UEs that support only a part of the channel bandwidth.
When a new larger channel bandwidth is introduced, legacy UEs should still be able to operate in a part of the channel that has the bandwidth that they support. This is illustrated in Figure 1 below. It should be noted that it would be desirable to be able to accommodate narrower bandwdith UEs in any part of a wider channel to achieve better frequency multiplexing, however this should be accounted for in the RAN1 design.
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2. The design should accommodate support of CA operation within a channel
RAN4 will have to define a UE maximum channel bandwidth in Rel.15 due to implementation constraints (e.g. FFT size or subcarrier spacing). As such, in order to support a larger bandwidth, it is highly likely that intra-band CA will be needed, possibly even in Rel.15. For example, if support of 1.2GHz total bandwidth is needed, it is not feasible to implement this with a single CC. When a larger bandwidth is added, the legacy UEs that supported this bandwidth through CA defined in a previous release should still be able to operate in the entire aggregated bandwidth. Hence, support of CA operation within a channel is needed. This is illustrated in Figure 2 and was also explained in [2]. It should be noted that RAN1 already agreed to such a design principle [3]. 
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Figure 2. CA support within a channel bandwidth
Support of this feature will allow UE implementation flexibility and could present several benefits in terms of performance and power consumption trade-offs.

Based on this principal, it is possible that the number of CA combinations supported by the network is very large and implementation complexity increases. For example, 400MHz channel bandwidth could be supported with 8x50MHz, 4x100MHz, 2x200MHz. The allowed combinations need to be further discussed such that implementation complexity is contained. 
In order to minimize the overhead with supporting CA in different channel bandwidths, the design should support aggregation without any guardband between CCs. This aspect has some implications on the channel raster that are further discussed in [4].

Observation 1. CA without guardband between CCs should be supported.

In this section only the addition of larger channel bandwidths is discussed. The addition of narrower bandwidths needs further study. From an operation point of view, UEs that support a larger channel bandwidth could operate in a narrower bandwidth if the PHY layer design support this. However, there could be regulatory concerns since these UEs would not be tested for the channel bandwidth in which they would operate.

Maximum channel bandwidth

In order to define the maximum channel bandwidth, several constraints have to be considered. The most important is the FFT size (4096 was tentatively agreed as maximum FFT size) but this also has to be correlated with the subcarrier spacing. Larger subcarrier spacing leads to shorter symbol duration which implies that the FFT operation has to be carried out in a shorter time (higher clock frequency). Also, support of very large FFT sizes(8k or above) is difficult even for narrower SCS because of additional memory that is needed. 

As such, it is increasingly difficult to support larger FFT sizes with larger subcarrier spacing. In order to make implementation feasible, the maximum channel bandwidth should depend on the subcarrier spacing. 
Observation 2: Maximum channel bandwidth should depend on the subcarrier spacing and maximum FFT size.
In RAN4#83 the maximum channel bandwidth was tentatively agreed as 100MHz for sub6 and 400MHz for mmWave. The tentative agreement is for these channel bandwidths to be absolute maximum, meaning that we could have smaller values for some SCS but not higher than this. One more important thing to note is that with this tentative agreement, at least 2x200MHz CA should be supported for the 400MHz channel. As stated above, the option of using CA of 2x200MHz in a 400MHz channel will allow better implementation trade-offs in terms of complexity and power consumption.

Observation 3: Agreed maximum channel bandwidths of 100MHz for sub6 and 400MHz for mmWave are under the assumption that CA within the channel bandwidth is supported.

For sub6 bands, 100MHz channel bandwidth can be supported with a minimum of 30kHz SCS for a 4096FFT size. Consequently for 15kHz SCS, the maximum channel bandwidth should be limited to 50MHz. Also, for bands above 24GHz, the maximum channel bandwidth should be 200MHz with 60kHz SCS. 

Especially for mmWave devices, power consumption is a critical factor that should be well accounted for in the system design and operation. For UL, it would be desirable to employ wider bandwidth DFTS-OFDM transmissions with lower order modulation(e.g. QPSK) instead of narrower bandwidth allocations with higher order modulation for power consumption reasons. In systems with narrow beams, the probability that the gNB will multiplex many users in the frequency domain is rather low, hence, it is expected that a wider bandwidth can be assigned to a single user. Since UL and DL have different implementation constraints at the UE, the specs should support asymmetric channel bandwidths in DL and UL or the use of different CA combinations. For example, a UE could operate 200MHz DL and 400MHz UL or 2x200MHz DL and 400MHz contiguous UL.

Observation 4: Operation with asymmetric channel bandwidths in DL and UL should be supported in the specifications.
Flexible channel bandwidth
In [1], the possibility of having a channel with any number of RBs on the base station side was included and is also depicted below in Figure 3. The flexible bandwidth refers to the bandwidth that the gNB operates, the UEs would still be confined to one of the channel bandwidths that is defined in the specifications. This kind of operation can be supported if UEs can operate only in a part of the gNB channel. 

[image: image3.emf]gNB

312 MHz CHBW 312 MHz CHBW

200 MHz CHBW

200MHz CHBW

UE 1

UE 2


Figure 3. gNB flexible channel bandwidth
Observation 5: Flexible gNB bandwidth should be supported in the specs while limiting the UE channel bandwidths to a small set.
3. Conclusion
In this paper we discussed the maximum channel bandwidth for NR. The following observations were made:
In order to allow the introduction of a larger channel bandwidth in a future release, the design has to accommodate the following: 

1. The design should accommodate the operation of UEs that support only a part of the channel bandwidth.
2. The design should accommodate support of CA operation within a channel

Observation 1. CA without guardband between CCs should be supported.

Observation 2: Maximum channel bandwidth should depend on the subcarrier spacing and maximum FFT size.
Observation 3: Agreed maximum channel bandwidths of 100MHz for sub6 and 400MHz for mmWave are under the assumption that CA within the channel bandwidth is supported.

Observation 4: Operation with asymmetric channel bandwidths  in DL and UL should be supported in the specifications.

Observation 5: Flexible gNB bandwidth should be supported in the specs while limiting the UE channel bandwidths to a small set.
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