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1
Introduction
This document makes some proposals on channel bandwidths for NR, to build on the requirements agreed in [1] in RAN4#83.
2
Additional details of UE channel bandwidth
In RAN4#82bis, there was consensus on the UE channel bandwidth concept, and operational flexibility. However, some details still need further discussion.
We propose the following as additional aspects of the concept:

· Proposal 1: Additional UE channel bandwidths that are lower than the maximum bandwidth required in Release 15 should be able to be added in a later Release

· Proposal 2: The specification of such additional UE channel bandwidths in the future should be enabled and deployable in a backwards compatible way with initial UEs, i.e. legacy UEs should be able to operate within such bandwidths, but without being required to fully-utilize instantaneously the full spectrum allocation. It is proposed to provide this indication to RAN1 and RAN2 to ensure that the radio protocols will support this requirement.
· Proposal 3: The following UE channel bandwidths should be supported by the NR UE:

· At least 5MHz, 10MHz, 15MHz, 20MHz  to be defined for sub-3GHz bands initially.
· 20MHz, 40MHz, 50MHz, 60MHz, 80MHz, 100MHz to be defined for 3-6GHz bands initially. 
· It is expected that agreements on SCS from RAN4#83 would apply to each bandwidth.
3
Base Station channel bandwidth concept

3.1
Observations on LTE concept

The Base Station channel bandwidth concept in LTE is included within the definition of Tx and Rx requirements. The aspects that drive different requirements for one bandwidth compared to another are:

· Number of RBs operated

· Spectrum occupancy

However, in NR it looks most likely that the requirements will largely scale with number of RBs, with required spectrum occupancy (as a %) potentially increasing as bandwidths get larger.

For most requirements in 36.141, it seems that only the highest and lowest channel bandwidths supported by the Base Station within a band are tested for conformance. This seems to be also valid for the MSR requirements, where the Base Station may transmit with multiple carriers of same or different bandwidth simultaneously. We have yet to decide which channel bandwidths to define for the Base Station within NR, so testing is also an open issue.

Where an LTE operator owned a spectrum allocation that was not matching a channel bandwidth, contiguous carriers were used, and this led to a desire for the UE to support contiguous CA combinations to maximise data rates.

3.2
Some areas where we could improve for NR
In LTE there are already some cases where operators have spectrum allocations that are not according to a specified LTE channel bandwidth, in some cases due to re-farming of GSM bands, and in other cases where regulatory allocation was actually slightly less than a nominal bandwidth. In some cases, in LTE, this led to spectrum being wasted, due to Base Stations only being able to support specific bandwidths defined by the standard. At some stage these bands will likely (hopefully) be re-farmed to operate NR, and in NR we will not have 1.4 or 3MHz bandwidth to improve granularity via CA. 

Observation 1: Having the possibility for Base Stations to fully use those frequency bands efficiently without issues like legacy UEs not supporting or large impacts to 3GPP standards would seem desirable.  This is mainly for low bands where the amount of spectrum lost is a few MHz, but which is still quite a large percentage of the channel in those bands.
Within the 3.4-3.8GHz range in Europe, each country will allocate spectrum independently, with consideration also to incumbent services and technologies operating within that range. Depending on the country, synchronisation between operators may or may not be considered, and spectrum may be allotted on as small as a per-5MHz block basis. 

As the range between minimum and maximum NR bandwidth is larger in the 3GHz range compared to within LTE, then we likely need to consider quite a fine granularity of bandwidths (maybe to 5MHz granularity) to cover all potential spectrum allocations. From the BS side, requiring carrier aggregation to maximise the utilization of a spectrum block (via aggregation of e.g. 40MHz + 5MHz within a 45MHz spectrum allocation) does not seem to be the most efficient approach for scheduling UEs. This is because a UE either receives or transmits on 40MHz of resource or 5MHz of resource at a given time, whereas with more flexibility two UEs could be served with up to half of the resource simultaneously.
Observation 2: Using CA to maximise spectrum utilization in “non-nominal” spectrum allocations seems inefficient.

3.3
NR concept for BS channel bandwidths
We believe that, with the agreed UE concept on channel bandwidths from RAN4#83, there is more flexibility for the Base Station to be able to operate different channel bandwidths compared to the UE, without requiring UE support for those. This improves time-to-deployment, and actually makes the operation of different channel bandwidths for NR realizable in practice, without relying heavily on the contiguous CA concept from the Base Station side.

In theory, it seems that RAN4 could define a fully flexible “incremented on RB level” Base Station channel bandwidth, but in practice we understand that:

· The definition of RAN4 requirements in a fully flexible manner would be quite a departure from what we have done in the past, and there is a desire for the specifications to be finalised quickly.

· Not having any nominal channel bandwidths in the specification would not make thing easy for product development, and it may help to lead to more questions than answers in terms of required deployment configurations, which may harm economies of scale for the industry.

Therefore, for Release 15 we propose the following for RAN4:

· Proposal 4: Define minimum and maximum channel bandwidths per frequency range, e.g. sub-1GHz (5-20MHz), 1-3GHz (5-20MHz), 3-4GHz (20-100MHz).

· Proposal 5: Define Base Station channel bandwidths with granularity of 5MHz between the minimum and maximum bandwidth for each frequency range, and ensure that radio protocols defined in RAN2/1 also support such configuration and signalling. NOTE: RAN4 requirements for the full set of bandwidths do necessarily require specification by December 2017, but should target June 2018.
· Proposal 6: As in LTE, the NR Base Station is NOT required to support ALL bandwidths.
· Proposal 7: It is not required to test all channel bandwidths for all requirements, and it is not necessarily required for all channel bandwidths to tested for any requirements. The specific channel bandwidths to test for different requirements require further discussion.
· Proposal 8: Indicate to RAN1/2 that for allocations of less than [20MHz] smaller granularity of bandwidths than 5MHz may be required in the future, and that the radio protocols should allow legacy UEs to operate within those channels.
3
Proposal
For UE channel bandwidths: 

· Proposal 1: Additional UE channel bandwidths that are lower than the maximum bandwidth required in Release 15 should be able to be added in a later Release

· Proposal 2: The specification of such additional UE channel bandwidths in the future should be enabled and deployable in a backwards compatible way with initial UEs, i.e. legacy UEs should be able to operate within such bandwidths, but without being required to fully-utilize instantaneously the full spectrum allocation. It is proposed to provide this indication to RAN1 and RAN2 to ensure that the radio protocols will support this requirement.
· Proposal 3: The following UE channel bandwidths should be supported by the NR UE:

· At least 5MHz, 10MHz, 15MHz, 20MHz  to be defined for sub-3GHz bands initially.

· 20MHz, 40MHz, 50MHz, 60MHz, 80MHz, 100MHz to be defined for 3-6GHz bands initially. 
· It is expected that agreements on SCS from RAN4#83 would apply to each bandwidth.
For BS channel bandwidth concept:

· Proposal 4: Define minimum and maximum channel bandwidths per frequency range, e.g. sub-1GHz (5-20MHz), 1-3GHz (5-20MHz), 3-4GHz (20-100MHz). The SCS agreements from RAN4#83 for each channel bandwidth should apply here.
· Proposal 5: Define Base Station channel bandwidths with granularity of 5MHz between the minimum and maximum bandwidth for each frequency range, and ensure that radio protocols defined in RAN2/1 also support such configuration and signalling. NOTE: RAN4 requirements for the full set of bandwidths do necessarily require specification by December 2017, but should target June 2018.

· Proposal 6: As in LTE, the NR Base Station is NOT required to support ALL bandwidths.

· Proposal 7: It is not required to test all channel bandwidths for all requirements, and it is not necessarily required for all channel bandwidths to tested for any requirements. The specific channel bandwidths to test for different requirements require further discussion.

· Proposal 8: Indicate to RAN1/2 that for allocations of less than [20MHz] smaller granularity of bandwidths than 5MHz may be required in the future, and that the radio protocols should allow legacy UEs to operate within those channels.
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