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1 Introduction
RAN1 has discussed BW and numerology for NR, including subcarrier spacing. Some important agreements are captured in the technical report, and additional agreements can be seen from RAN1 chairman’s notes.
Some of the relevant agreements include

	· The downlink transmission scheme is based on OFDM. Multiple numerologies are supported, derived by scaling a basic subcarrier spacing by an integer N. The numerology used can be selected independently of the frequency band although it is assumed not to use a very low subcarrier spacing at very high carrier frequencies. The largest component carrier bandwidth not smaller than 80 MHz for at least one numerology is supported.
· …

· Example system scenarios parameters:

· ISD=20 m (indoors), 200 m (between macroBSs in dense urban; up to 9 micro per 1 macro), 500 m (macro only 4GHz and 30 GHz), 1732 m (4 GHz rural ) and 5 km (700 MHz rural)

· Aggregated system BW: 200 MHz (at 4 GHz), 1 GHz (at 30 GHz and 70 GHz)

· Simulation BW per CC: 20 MHz (at <6 GHz), 80 MHz (at >6 GHz)


	· Multiplexing different numerologies within a same NR carrier bandwidth (from the network perspective) is supported

· FDM and/or TDM multiplexing can be considered


	· RAN1 concludes on alternative 1 (15 kHz) as the baseline design assumption for the NR numerology
· RAN1 concludes on scale factors N =2n for subcarrier spacing as the baseline design assumption for the NR numerology


	· 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


2 Discussion
From the agreements, we can conclude some main characteristics of NR which are likely
· Component carriers with a wider BW than LTE will be supported, up to at least 80MHz

· Multiple numerologies will be defined based on a baseline of 15kHz sub carrier spacing and on scale factors N =2n 
· Multiple numerologies will be operated on the same NR carrier BW, using either FDM and/or TDM multiplexing
· NR should support of flexible NW and UE channel bandwidth

· 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

As the detailed design of the measurement reference signal (MRS) has not been performed, we do not know whether the MRS is transmitted by the NW over the full system BW, but we can conclude that even if it is transmitted over the full NR carrier BW (80MHz for example) there may be devices with lower bandwidth capabilities that cannot receive the MRS over the system BW. Moreover, some devices may be operating with different subcarrier spacing than other devices, even when they are using the same NR carrier frequency and the channel BW may be flexible, meaning that it can be changed much more dynamically than in LTE.
The requirement on that different UEs should be able to support different sets of BWs does not allow transmitting the MRS  over the whole BW, but on the other hand using the smallest BW is also very pessimistic considering that the BW range is much larger in NR than in LTE. To provide benefits to UEs capable of supporting larger BWs, it could be considered to repeat the signal in frequency and use some pre-defined rules or signalling for those UEs to be able to find those repetitions.

Proposal 1 : Enhanced requirements for UE which support larger BW sould be considered
So, in summary we can observe that the range of BW and numerology configurations will be much larger than LTE and will also offer much finer granularity, and the BW may change dynamically. Moreover, different devices may use different bandwidths depending on their capabilities.

We expect that this will create certain challenges in developing suitable core requirements. Firstly, it may not be practical or suitable to develop generic core requirements. In LTE, measurement requirements are based on assuming the worst case (6RB measurement BW) however in NR there are so many different options and flexibilities that it may not be practical or useful to develop generic RRM requirements. Instead, a requirements scenario approach might be appropriate, which is similar to the approach used for demodulation requirements. In the requirements scenario approach, the performance is simulated in agreed scenarios (fixing both UE configuration and environment such as propagation conditions), and the requirements for those scenarios are based on the simulation result with discussion on other practical impariments and suitable implementation margin. For example, MRS detection or MRS measurement accuracy is simulated for an agreed set of scenarios, and it is assumed that the performance of a good implementation will scale in the expected manner for other real life scenarios that are not directly covered by the RAN4 requirements scenarios.
Proposal 2 : RAN4 considers whether RRM requirements scenarios will be more appropriate for NR, given the likely flexibility in bandwidth configurations, subcarrier spacing and so on.
This contribution has considered so far RAN1 agreements, however there are likely to be other implementation and specification based flexibilities which affect MRS measurement accuracy and performance such as the beamforming schemes used to transmit and receive the MRS.

In some ways the scenario based approach is more straightforward for specification work, because once good alignment is achieved between simulation results, the methodology for generating requirements is rather rule based, whereas general requirements need more thought to consider if there are any difficult corner cases that have not been thought about. On the other hand, the challenge for a scenario based approach is the choice of scenarios, which is a tradeoff between the number of requirements (which will in the end have a 1:1 mapping to tests) and the coverage provided by the specifications. 

It should be emphasised that the decision on a scenario based approach versus a general approach can be taken on a case by case basis. For example, some main NR functionalities could be covered by generic requirements while some further scenario based requirements can be added to ensure specific aspects of the performance which are necessary in certain cases such as component carriers with very wide bandwidth (eg UE which make use of repetitions of the MRS in frequency domain).
3 Conclusions
In this contribution we discuss some aspects related to measurement bandwidth and numerology, following the agreements reached in RAN1.In summary we can observe that the range of BW and numerology configurations will be much larger than LTE and will also offer much finer granularity, and the BW may change dynamically. Moreover, different devices may use different bandwidths depending on their capabilities. Due to the dramatically increased flexibility, we consider whether a different approach is needed for RRM requirements in NR compared to LTE:

Proposal 1 : Enhanced requirements for UE which support larger BW sould be considered
Proposal 2 : RAN4 considers whether RRM requirements scenarios will be more appropriate in certain cases for NR, given the likely flexibility in bandwidth configurations, subcarrier spacing and so on.
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