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1 Introduction

During RAN4#84, a WF on basestation bandwidths was agreed in [1]. The WF suggests consideration of three aspects in principle:
· The amount of additional complexity of supporting 3 additional BS channel bandwidths (30, 70 & 90MHz) 

· Requirements that do not scale with bandwidth to be identified

· A procedure to be identified for quickly adding new BS channel bandwidths to the specification in future releases

This paper builds upon previous contributions to further consider these aspects.
2 Discussion

Requirements that do not scale with bandwidth

As discussed in [2], a significant issue with additional bandwidths is setting a spectrum utilization for each bandwidth. SU needs to be considered carefully such that the complexity and benefits are in line with SU values for other bandwidths. In [4], a method for calculating SU for intermediate values was proposed as follows:

1: For a channel bandwidth X, identify the next lowest channel bandwidth for which a spectrum utilization is agreed. Calculate the spectrum utilization as a percentage for that bandwidth.
2: Multiply X by the percentage calculated in step 1 to get an estimate for the spectrum utilization at X

3: Identify how many PRBs there are in the bandwidth identified in step (2). Round down to the nearest PRB. This then gives the amount of PRBs that must be supportable for a bandwidth X.

After further investigations, we view this approach to setting a general spectrum utilization level for intermediate bandwidths as being suitable as a starting point for defining spectrum utilization in the BS specifications. However, it must be borne in mind that each supported bandwidth implies a different channel filter, and thus the system complexity and cost of filtering will increase if the number of supported bandwidths is increased. Furthermore, since each additional bandwidth implies a separate filter implementation, the test scope for guaranteeing performance for all bandwidths could expand considerably. Thus, although the approach is a good starting point for deciding spectral utilization, the implications to complexity and conformance need further consideration.
A solution for spectrum utilization is needed for most of the requirements, as the requirements are achieved in the context of a 3GPP assumed spectrum utilization. Without a spectrum utilization solution, only a small handful of the requirements will be scalable:
· Power dynamics

· TDD OFF power & transient period

· Frequency error

· Time Alignment Error

· RX spurious emissions

Assuming a solution for spectrum utilization is available, then the transmitter requirements become scalable (with the exception of some additional regional in-band requirements at >1GHz, which are somewhat bandwidth related). 

For the receiver, E-UTRA requirements are stated in terms of achieving a BLER target for a specified FRC with specified wanted signal and interferer levels. FRCs are specific to bandwidth. For larger bandwidths, a 25 PRB FRC is used, but the parallel FRCs need to be operated in parallel if the bandwidth is 10, 15 or 20MHz. If NR would support a large number of BS bandwidths, then a large number of FRCs would be needed. The FRCs would be needed independently of the conformance testing, because the core requirements themselves are stated in terms of meeting BLER for the FRCs. Currently, FRCs are not scalable with bandwidth. Without either defining a very large number of FRCs or a scalable method for defining FRCs, most uplink requirements cannot scale with bandwidth.
In addition, the receiver Narrowband Blocking and Receiver Intermodulation requirements consider interferer offsets that depend on the channel bandwidth, and thus these requirements are not directly scalable for this reason.
[3] discusses the impact of supporting a larger number of channel bandwidths on the conformance specifications. The non-scalable requirements are generally the same as for the core specification, with the minor addition that ACLR for band 46 may need some further attention. Currently in the conformance specifications, testing is mandated to be carried out for the lowest and highest bandwidths. A declaration is made that other supported bandwidths meet requirements; this enables the vendor to tailor the exact conformance solution. If a BS would support a very large number of bandwidths, the complexity and test scope needed to make the conformance statement may need further consideration. Potentially transmitter Test Models or a flexible means for setting TMs is needed.
In summary, the requirements that are scalable are as follows:
· Power dynamics

· TDD OFF power & transient period

· Frequency error

· Time Alignment Error

· RX spurious emissions

With a solution for spectral utilization, the list extends to:

· Power dynamics

· TDD OFF power & transient period

· Frequency error

· Time Alignment Error

· EVM

· RX spurious emissions

· TX spurious emissions

· TX in band unwanted emissions

With a solution for spectral utilization and FRCs, the list extends to all requirements except for receiver NBB and IM. 
Complexity of supporting 3 additional BS channel bandwidths
The WF also requested that any additional complexity in for supporting additional BS channel bandwidths of 30, 70 & 90MHz should be clarified.
Supporting these 3 additional bandwidths can be achieved by deciding on specific spectrum utilization values, even if a general method for deciding on spectrum utilization cannot be agreed. Similarly, specific FRCs could be developed, even if no general method for specifying FRCs and TMs is available. Deciding spectrum utilization values would then leave the RX narrowband blocking and RX Intermodulation requirements; these could also be fixed specifically for the 3 bandwidths even if a general method is not identified.
Thus, if a general approach to defining spectrum utilization and the other requirements is not decided by December or in release 15, introducing 3 additional channel bandwidths can be achieved with incremental effort. The main issue would be time spent for developing additional FRCs for each case.

The usefulness of including these bandwidths in terms of increasing efficiency and whether the bandwidths are the right ones should still be elaborated further, since the RAN4 workload is already high and some more effort is needed. Assuming that benefit is seen, this approach is pragmatic for the current release.

Process for introducing additional BS channel bandwidths in the future

The WF also requested that a process be identified for quickly introducing further BS channel bandwidths in future releases. The most fundamental requirement for achieving this is that the BS bandwidth is transparent from a UE point of view, in order that introduction of a new BS bandwidths would not cause a backward compatibility problem towards legacy UEs. This has already been achieved by existing RAN1 agreements on bandwidth parts [5], which allow for a UE to be allocated a sub-portion of a larger bandwidth.
A truly fast-track method for introducing new BS bandwidths would exist if an analytical, flexible method for specifying a spectrum utilization (such as the one described above), TM, FRC and RX NBB & IM interferer offset would be developed. In this case, a new BS channel bandwidth would be a simple case of adding a value to a list. It would still be potentially useful to have a list of supportable BS channel bandwidths, as this would provide guidance to BS operators and vendors as to which BS channel bandwidths could be useful to consider, bearing in mind that supporting bandwidths costs development complexity and test effort. Given that UE backward compatibility is supported, there is no need to develop such flexible mechanisms at the current stage of the work, where the focus in RAN4 is to create a first workable version of the NR specifications.

If analytical, flexible methods are not available for all of the above parameters, then a spectrum utilization, FRC, TM and RX NBB and IM parameters would need to be decided for each new bandwidth. This could potentially be achieved quickly, provided that the list of supportable bandwidths would not become overwhelming. From a bureaucracy point of view, it should be discussed whether a procedure such as for UE CA combinations would really be needed, or inclusion of bandwidths could be achieved in a more straightforward manner (e.g. TEI).

3 Conclusion

This contribution considers which requirements are scalable, whether the additional bandwidths of 30, 70 & 90 MHz as suggested in the WF can be supported and the possibility for quickly introducing new BS channel bandwidths in the future.
Assuming that the benefit is clear, introduction of the 3 new bandwidths in this release is feasible.

In future work, effort should be made to devise analytic means of specifying spectrum utilization, TM, FRC and the RX NBB and IM requirements. Depending on the extent to which analytic means of specifying these for arbitrary bandwidths is possible, the effort needed to add new bandwidths will range from adding a value to a table to adding an SU, devising TM and FRCs and setting the interference spacing for the UL. The detailed work to devise the analytical mechanisms can be performed in a future release.

It should be borne in mind that even if the specifications eventually support a large number of bandwidths, implementation of this support will imply design and testing complexity. Furthermore, the extent of testing complexity for conformance testing will need more consideration.

Proposal 1: Consider to add the 3 further BS channel bandwidths in this release
Proposal 2: Develop the needed analytic forms for specifying SU, TM, FRC and RX parameters after the first stage of NR
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