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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. In RAN1#86, the following agreements regarding on NR numerology were made [1]:
Agreements:
· NR design should allow potentially defining multiple CP lengths for a given subcarrier spacing in Phase I or later

· Multiple CP lengths do not mean the normal CP have 2 different CP lengths in the LTE

· It should be possible to deploy NR with 60 kHz subcarrier spacing in the channel that have the same delay spread that LTE can handle with the normal CP length as one use case

· Other subcarrier spacing solution can be considered with an equal priority in the further study

· More than one CP length should be studied for a given subcarrier spacing

· The different CP lengths for a given subcarrier spacing can be of substantially different lengths 

· For 60 kHz subcarrier spacing, at least one CP length can be similar to the normal CP length of 15 kHz corresponding to LTE numerology
· Other proposals are not precluded
· Note: FFS whether all of subcarrier spacings support more than one CP length or not

· Note: FFS whether supporting more than one CP length for a given subcarrier spacing is mandatory or optional for a given UE
Agreements:
· Subframe duration in ms for a reference numerology with subcarrier spacing (2m*15)kHz is exactly 1/2m ms
Agreements:

· NR numerology scalability should allow at least from [3.75 kHz] to480 kHz subcarrier spacing 

· Necessity of support for less than 15 kHz subcarrier spacing  (e.g., 3.75 kHz) should be studied

· Note that scalability does not mean everything should be scalable (e.g., RS density, UE/gNB processing time, signalling overhead)

Taking into account the above RAN1 agreement 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 [2].
eMBB
The numerologies according to 15 kHz and 30 kHz subcarrier spacing values would be proper candidates for eMBB 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. Table 1 shows the details on NR numerologies for eMBB use case
Table 1: Numerologies for eMBB in sub-6GHz

	SCS
	Symbol Duration
	CP
	Slot Duration
	Scheduling Unit

	15kHz
	66.67μs
	4.69μs
	0.5ms (7 symbols)
	1ms (2 slots)

	30kHz
	33.33μs
	2.34μs
	0.25ms (7 symbols)
	0.5ms (2 slots)


URLLC
The user-plane latency requirement for NR URLLC is 0.5ms for each of UL and DL with (1–10-5) reliability. If scheduling unit of one slot composed of 7 OFDM symbols with 30 kHz subcarrier spacing is supported for NR, 0.5 ms user-plane latency can be achieved with such 0.25ms scheduling unit and high-reliable initial packet transmission. Details on such URLLC numerology based on 30kHz subcarrier spacing is shown in Table 2.
Table 2: Numerology for URLLC in sub-6GHz

	SCS
	Symbol Duration
	CP
	Slot Duration
	Scheduling Unit

	30kHz
	33.33μs
	2.34μs
	0.25ms (7 symbols)
	0.25ms (1 slot)


In order to further reduce the latency, the following two approaches could additionally be considered for URLLC:
· Mini-slot comprised of 2 symbols with 30kHz subcarrier spacing is applied for the scheduling unit
· A numerology based on 60kHz subcarrier spacing is used for URLLC use cases.
However, the above approaches could have drawback, either too much control overhead, CP overhead or coverage limitation. Therefore, it is proposed that RAN1 prioritizes the numerology shown in Table 2 which is based on 30 kHz subcarrier spacing with 0.25ms scheduling unit for URLLC services and studies further on concrete use cases and benefits of different approaches in end-to-end service perspective.
mMTC
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. Table 3 shows the details on numerology for NR mMTC.
Table 3: Numerology for mMTC in sub-6GHz

	SCS
	Symbol Duration
	CP
	Slot Duration
	Scheduling Unit

	3.75kHz
	267μs
	18.8μs
	2ms (7 symbols)
	4ms (2 slots)


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. 
As discussed in [3] and [4], 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. 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, anyhow 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 1:
· The numerologies for different carrier frequencies should be separately optimized.

One of the important aspects when deciding subcarrier spacing values for NR is to support different/diverse component carrier BWs. Additionally, it would be worth to note that the main usage of above-6GHz NR would be to achieve very high throughput using a big chunk of carrier bandwidth. In such perspective, an efficient support of 100MHz, 200MHz, 400MHz bandwidths would be preferable for us taking into account available bandwidth for NR in above-6GHz. Therefore, based on similar observations to those in [5], it is proposed that the numerologies in Table 4, i.e. 75kHz packages, should be supported for above-6GHz NR.
Table 4: Numerologies for eMBB/URLLC in above-6GHz

	SCS
	Symbol Duration
	CP
	Slot Duration
	Scheduling Unit
	Note

	75kHz
	13.33μs
	0.94μs
	0.1ms (7 symbols)
	0.2ms (2 slots)
	Carrier BW: 100MHz

	150kHz
	6.67μs
	0.47μs
	0.05ms (7 symbols)
	0.1ms (2 slots)
	Carrier BW: 200MHz

	300kHz
	3.33μs
	0.23μs
	0.025ms (7 symbols)
	0.05ms (2 slots)
	Carrier BW: 400MHz


Proposal 2:
· Support the numerologies in Table 4 for above-6GHz NR

3. Conclusion
In this contribution, we discussed how to design NR numerology taking into account RAN1 agreements and the objectives on NR study item.
For Sub-6 GHz frequencies, our view on numerologies for different use cases is summarized as follows:

For eMBB in sub-6GHz

	SCS
	Symbol Duration
	CP
	Slot Duration
	Scheduling Unit

	15kHz
	66.67μs
	4.69μs
	0.5ms (7 symbols)
	1ms (2 slots)

	30kHz
	33.33μs
	2.34μs
	0.25ms (7 symbols)
	0.5ms (2 slots)


For URLLC in sub-6GHz

	SCS
	Symbol Duration
	CP
	Slot Duration
	Scheduling Unit

	30kHz
	33.33μs
	2.34μs
	0.25ms (7 symbols)
	0.25ms (1 slot)


· FFS: concrete use cases and benefits of the following approaches in end-to-end service perspective.
· Mini-slot comprised of 2 symbols with 30kHz subcarrier spacing is applied for the scheduling unit
· A numerology based on 60kHz subcarrier spacing is used for URLLC use cases.
For mMTC in sub-6GHz

	SCS
	Symbol Duration
	CP
	Slot Duration
	Scheduling Unit

	3.75kHz
	267μs
	18.8μs
	2ms (7 symbols)
	4ms (2 slots)


For above-6GHz, it is proposed that

Proposal 1:
· The numerologies for different carrier frequencies should be separately optimized.

Proposal 2:
· Support the following numerologies for above-6GHz NR

	SCS
	Symbol Duration
	CP
	Slot Duration
	Scheduling Unit
	Note

	75kHz
	13.33μs
	0.94μs
	0.1ms (7 symbols)
	0.2ms (2 slots)
	Carrier BW: 100MHz

	150kHz
	6.67μs
	0.47μs
	0.05ms (7 symbols)
	0.1ms (2 slots)
	Carrier BW: 200MHz

	300kHz
	3.33μs
	0.23μs
	0.025ms (7 symbols)
	0.05ms (2 slots)
	Carrier BW: 400MHz
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