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1 Introduction

During RAN4#82bis, extensive discussion took place surrounding definitions of bandwidth and new concepts for bandwidth and access. This paper outlines our understanding of the proposed concepts, together with some observations on each proposal.
A companion paper proposes to adopt some terminology for the discussion on NR [1]. The terminology may be adjusted or discarded depending on the eventual decisions, however we believe that adopting a common terminology for the discussion phase will facilitate more efficient discussion and conclusions.
2 Discussion

In our understanding, it is already agreed (in RAN1) that the NR specifications should support an operation in which the channel bandwidth for a carrier transmitted to one UE can differ from transmission to another UE in the same spectrum, as illustrated in figure 1.
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Figure 1: Differing BS and UE channel bandwidth
Note that a carrier is proposed to be defined in [1] as a group of subcarriers over which transmission and reception can be expected to be coherent.

For LTE, the channel bandwidth associated with a carrier is a parameter that is common to a BS and a UE since all UEs must support the full carrier bandwidth and carriers may not overlap. However operation such as in figure 1 implies that the channel bandwidth (and indeed position of a carrier) can differ between UEs and thus channel bandwidth as well as upper and lower edges of a carrier should be understood as UE specific parameters for NR.

Furthermore, it may be useful to assign different channel bandwidths to DL and UL transmission, in particular for FDD. This implies that channel bandwidth may also differ in DL and UL.
One thing that is clear is that there is no point in a BS supporting a channel bandwidth that is not supported by any UEs.

A second proposal is that it is made possible in the NR specifications for a wider bandwidth to be supported as a single carrier by some UEs and using CA by other UEs. The motivation behind this is that some UE architectures may support a wider RF bandwidth with a coherent RF chain, whereas coherency may only be achieved over small bandwidths with other types of UE.
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Figure 2: Support of a carrier using a single carrier or CC for different UEs
There will be a need for the operator to be aware of the BS & UE architecture limitations on the potential locations of carriers and for the BS to be signaled with information on the UE limitations for configuring carriers. In [1], the concepts of a BS carrier capability set and UE carrier capability set are introduced. A BS carrier capability set is the set of all possible carrier locations and bandwidths that a particular basestation can support. Similarly, a UE carrier capability set is the largest set of possible carrier locations and bandwidths that a UE can support.
There is no use in either a BS or UE supporting carrier configurations that the other side of the link does not support. One way to avoid this is to standardize a single BS and UE carrier capability set that must be supported by all BS and UEs. Doing that would, however in effect rule out the possibility of different products being built with different RF architectures.
If some flexibility is to be allowed, then there is a need to enable different BS and UE to have different carrier capability sets, but ensure that there is always a configuration available between every BS and UE. To describe how this might be achieved, [1] introduces the terms minimum carrier capability set and maximum carrier capability set. The minimum carrier capability set is the set of carrier positions & bandwidths that must be supported by all BS and UEs. The maximum carrier capability set is the set of all possible carrier position and bandwidths that could be supported by a BS or UE. The maximum carrier capability set includes the minimum carrier capability set plus some additional optional carrier configurations.

If there would be a large amount of optional carrier configurations, then restrictions in the implementation architectures would be minimized. However the risk of a divergence between the configurations supported by different BS and UE would be large. It is prudent, therefore to enable only a few optional carrier set configurations; i.e. the difference between the minimum carrier configuration set and the maximum carrier configuration set should be small.
Proposal 1: Consideration should be given to enabling different BS and UE RF architectures, some of which span the maximum channel bandwidth with a single RF and some of which span the maximum channel bandwidth with multiple RF. This may necessitate a larger maximum carrier capability set than the minimum carrier capability set.
Proposal 2: The difference between the minimum carrier capability set and the maximum carrier capability set should be small.

The additional configurations in the maximum carrier capability set should be decided based on examining a small number of potential and likely RF implementation architectures and considering the difference in potential carrier support between them. For example, support for 400MHz based on a single 400MHz RF or 2*200MHz RF may be considered.

Proposal 3: The additional configurations in the maximum carrier configuration set (in addition to the minimum carrier configuration set) should be decided based on considering a limited number of feasible and likely RF architectures.

Feasible RF architectures as well as operator spectrum scenarios are likely to be band dependent. Thus it is likely that the minimum and maximum carrier capability sets will need to be decided on a band specific basis. Since the amount of testing and the complexity of introducing new bands is already high enough, the amount of combinations in both sets should be kept as small as possible whilst still allowing sufficient flexibility for operator needs. The size of the carrier configuration sets can be decided when a band is standardized.
Proposal 4: The minimum and maximum carrier configuration sets should be decided on a band specific basis.

Proposal 5: The aim when deciding minimum and maximum carrier configuration sets should be to keep the number of combinations in each set as small as necessary to provide the needed amount of flexibility (in order to minimize standardization and test complexity) 
3 Conclusion

This paper has considered aspects of flexibility in carrier bandwidth and position as considered at RAN4#82bis. Together with the paper in [1], terminology is provided for describing how to capture the potential variations in supported carrier combinations at the BS and the UE.
It is proposed that this terminology, or something similar is adopted. Once the process of identifying bands has progressed a little further, consideration can then be given to what the contents of the minimum carrier capability set and maximum carrier capability set should be for each band. The aim should be to provide the degree of flexibility necessary whilst avoiding a complex set of combinations that would risk extensive standardization and/or testing time, or divergence of the capabilities of UEs on the market, or an unfeasible complexity for operators to plan how to deploy carriers and spectrum to different UEs in their NR networks.

Proposal 1: Consideration should be given to enabling different BS and UE RF architectures, some of which span the maximum channel bandwidth with a single RF and some of which span the maximum channel bandwidth with multiple RF. This may necessitate a larger maximum carrier capability set than the minimum carrier capability set.
Proposal 2: The difference between the minimum carrier capability set and the maximum carrier capability set should be small.

Proposal 3: The additional configurations in the maximum carrier configuration set (in addition to the minimum carrier configuration set) should be decided based on considering a limited number of feasible and likely RF architectures.

Proposal 4: The minimum and maximum carrier configuration sets should be decided on a band specific basis.

Proposal 5: The aim when deciding minimum and maximum carrier configuration sets should be to keep the number of combinations in each set as small as necessary to provide the needed amount of operator flexibility (in order to minimize standardization and test complexity) 
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