
3GPP TSG RAN WG1 Meeting #86
R1-167027
Gothenburg, Sweden, 22nd – 26th Aug. 2016
Agenda item:
8.1.3.1
Source: 
KT Corp.
Title: 
NR Numerologies
Document for:
Discussion and Decision
1. Introduction

Aiming to develop an NR access technology to meet a broad range of use cases such as eMBB, massive MTC, and URLLC, it was agreed in RAN1#84bis that multiple OFDM numerologies which apply to the same frequency range are assumed. Additionally, the following working assumption was made to narrow down possible cases for NR numerologies:
Working assumptions:
· 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

Taking into account the above RAN1 assumptions and the objectives of NR study item, our view on NR numerologies is provided in this contribution.
2. Discussion on NR numerology
The main motivation to introduce scalable numerologies in NR framework is to support various use cases including eMBB, mMTC and URLLC in the same carrier frequency. That is, in order for NR system to accommodate simultaneously different types of UEs according to such different use cases in a given frequency band, scalable numerologies which correspond to scalable subcarrier spacing values would need to be supported. In such context, before deciding what numerologies will actually be supported in NR, careful study on subcarrier spacing values that are required for each use case in target frequency bands should be preceded taking into account possible deployment cases in real network.
2.1 Numerologies for Sub-6 GHz
In sub-6GHz, NR would need to support all use cases, eMBB, mMTC and URLLC, in a single framework applying scalable numerologies agreed in RAN1 [1].
For eMBB services, the numerologies according to 15 kHz and 30 kHz subcarrier spacing values would be proper candidates in sub-6GHz. In particular, 15 kHz would be needed when NR is deployed in the same frequency band as LTE, especially in case of frequency refarming. On the other hand, for frequency bands which will be newly allocated for 5G such as around 3 or 4 GHz bands, 30 kHz subcarrier spacing seems more attractive choice for NR deployment than 15 kHz, since 30 kHz could provide shorter user plane latency as well as a larger CC bandwidth than 15 kHz which would has similar physical properties to LTE. In early phase of NR deployment, we believe that a new frequency band would be first used for NR rather than refarming the existing LTE bands which will need to serve many LTE UEs at that time. Therefore, it would be preferable for RAN1 to prioritize 30 kHz for eMBB services than 15 kHz in early phase of NR design.
For URLLC, NR requirement for user plane latency is 0.5ms for UL and 0.5ms for DL with (1–10-5) reliability. If 7 OFDM symbols with 30 kHz subcarrier spacing comprise one TTI (subframe), 0.5 ms user plane latency can be achieved with such 0.25 ms TTI (subframe) and high-reliable initial packet transmission. In order to further reduce the latency, 60 kHz subcarrier spacing could additionally be considered for one of the NR numerologies for URLLC use cases in sub-6GHz. However, the numerology based on 60 kHz subcarrier spacing could have drawback, either too much CP overhead or coverage limitation. Therefore, it is proposed that RAN1 prioritizes 30 kHz subcarrier spacing also for URLLC services and studies further on concrete use cases and benefits of 60 kHz subcarrier spacing over 30 kHz in end-to-end service perspective.
NB-IoT was specified recently and some operators are right now preparing to deploy NB-IoT for commercial services in their network. Therefore, the coexistence with NB-IoT should be an essential factor to decide subcarrier spacing value for NR mMTC use cases. In such perspective, 3.75 kHz subcarrier spacing which is aligned with NB-IoT would be the most proper choice for NR mMTC numerology.
Having discussed above, our view on subcarrier spacing values for different use cases in sub-6GHz NR is summarized as follows:
· For eMBB in sub-6GHz, 

· First priority: 30 kHz mainly for frequency bands which will be newly allocated for 5G
· Second priority: 15 kHz mainly for coexistence with LTE

· For URLLC in sub-6GHz,

· First priority: 30 kHz with 7 OFDM symbols in one 0.25ms TTI
· FFS: concrete use cases and benefits of 60 kHz subcarrier spacing over 30 kHz in end-to-end service perspective
· For mMTC in sub-6GHz,
· First priority: 3.75 kHz which is aligned with NB-IoT

2.2 Numerologies for Above-6 GHz
Since different carrier frequencies have different channel characteristics and phase noise effects, different subcarrier-spacing values for different carrier frequencies should be supported to cover the wide range of NR target frequencies. For example, in around 30 GHz carrier frequencies, 15 kHz or 30 kHz subcarrier spacing values would not work due to phase noise effects, while larger than 60 kHz subcarrier spacing would not be necessarily supported in sub-6GHz due to either too much CP overhead or coverage limitation. 
Having said that, it should be noted that there is no reason why subcarrier spacing values to support different carrier frequencies should be tightly related within 15 x 2m families. As discussed in [3], such 2m relationship would benefit only when different carrier frequencies using different numerologies, e.g. sub-6GHz and above-6GHz, need to be supported with cross-carrier scheduling. Such cross-carrier scheduling in case of CA between sub-6GHz and above-6GHz seems not feasible due to too complex timing relationship between different numerologies.

Therefore, we would prefer to separately optimize the numerology design for different carrier frequencies, especially for sub-6GHz and above-6GHz, without being restricted in 2m scaling relationship. Even if numerologies for different carrier frequencies could be related within 2m relationship, anyway technologies to be applied for different carrier frequencies should be separately optimized in RAN1. For example, RAN1 agreed to study multi-beam based approaches in addition to single-beam based approaches so as to apply multi-beam based approaches mainly for mmWave frequency bands rather than sub-6GHz frequency bands [2].
Proposal:
· The numerologies for different carrier frequencies should be separately optimized.
3. Conclusion
In this contribution, we discussed how to design NR numerology taking into account RAN1 assumptions and the objectives on NR study item.
For Sub-6 GHz frequencies, our view on subcarrier spacing values for different use cases is summarized as follows:

· For eMBB in sub-6GHz, 

· First priority: 30 kHz mainly for frequency bands which will be newly allocated for 5G

· Second priority: 15 kHz mainly for coexistence with LTE

· For URLLC in sub-6GHz,

· First priority: 30 kHz with 7 OFDM symbols in one 0.25ms TTI
· FFS: concrete use cases and benefits of 60 kHz subcarrier spacing over 30 kHz in end-to-end service perspective
· For mMTC in sub-6GHz,
· First priority: 3.75 kHz which is aligned with NB-IoT

Additionally, for above-6GHz, it is proposed that

Proposal:
· The numerologies for different carrier frequencies should be separately optimized.
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