3GPP TSG RAN WG1 Meeting #86

R1-166755
Gothenburg, Sweden, 22nd – 26th August 2016
Agenda item:
8.1.3.1
Source:
Samsung

Title:
Discussion on candidate subcarrier spacing values in NR
Document for:
Discussion and Decision
1. Introduction
At RAN#71, the new study item New Radio Access Technology was approved aiming to develop a new radio access technology to meet a broad range of use cases including enhanced mobile broadband (eMBB), massive MTC (mMTC), and ultra-reliable and low latency communications (URLLC) [1]. 
During RAN1#85 meeting [2], the following agreements were achieved regarding the NR numerology.  In this contribution, we describe the further considerations and details of the numerology set.

	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
Conclusion:
· RAN1 will continue investigations on how to achieve effective use for variable bandwidths until the next meeting

Observations:

· Some companies proposed followings
· introducing a complementary scale factor leading to subcarrier spacing of 75 kHz for support of 100 MHz (in R1-165891)
· f0 = 17.5 kHz subcarrier spacing (R1-165112)
· f0 = 17.07 kHz subcarrier spacing (R1-164271)
Agreements:
· 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. Discussions
2.1  Base Numerology
In the NR system, there is no doubt that the numerology design needs to consider the backward compatibility. Reusing LTE numerology (i.e., 15 kHz subcarrier spacing with linear scaling) is beneficial in terms of LTE-NR coexistence, because the symbol/subframe duration can be easily aligned between LTE and NR, and hence the interference management can be much easier. Meanwhile, this is beneficial considering the fact that the UEs in the early phase will support both NR and LTE, e.g., the sampling rate can be shared easily. 
In addition, the subcarrier spacing and CP length need to be considered together in the NR design. The 15 kHz subcarrier spacing suffers from less restriction compared to 17.x kHz case, where the CP length is tightly coupled with the subcarrier spacing value. Considering the flexibility of supporting different subcarrier spacing values and CP lengths, 15 kHz is preferred. 
Proposal 1: Confirm 15 kHz subcarrier spacing as the base NR numerology.
2.2  Scaling Factors
In [3], we discussed the considerations of numerology design in NR, and have the following observations:

· Observation 1: The NR numerology needs to be scalable enough to support diverse usage scenarios, deployment scenarios and various KPIs.
· Observation 2: Determining a specific subcarrier spacing option should take into account the given usage/deployment scenario as well as various technical aspects, rather than a scaling method only.
· Observation 3: Due to the limitation of subcarrier spacing with 2m scalability in Alt. 1, the choice of subcarrier spacing options in a certain deployment scenario is highly restricted. It cannot be guaranteed that the subcarrier spacing candidates with 2m scalability are suitable enough and future-proof.
At RAN1#85 meeting, there were long discussions between the scaling method of 2n scaling and linear scaling. As a subset, the 2n scaling was considered as a working assumption of NR numerology. However, there is still a need to investigate whether 15*2n subcarrier spacings are scalable and suitable enough to support diverse usage scenarios and deployment scenarios, and so on. 

Take the supported bandwidth as one example, it was observed that all the proposals of 15*2n subcarrier spacings accordingly consider the NR bandwidth of 20*2n MHz (e.g., 20MHz, 40MHz, 80MHz, 160MHz, etc.). Since it was agreed to support variable bandwidths in NR, it is necessary to think further how the bandwidth other than 20*2n MHz can be effectively supported by 15*2n subcarrier spacing. 
As discussed in [4], to support 100 MHz bandwidth in NR, considering 75 kHz subcarrier spacing with 2048 FFT size is very straightforward, as shown in the table below. However, this option is precluded in the family of 15*2n subcarrier spacing. 
	Scaling factor (N) 
	N=1
	N=5

	Subcarrier spacing (kHz)
	15
	75

	Component carrier bandwidth (MHz)
	20
	100

	Total subcarrier bandwidth (MHz)
	18 (1200sc)
	90 (1200sc)

	Guardband Ratio
	10%
	10%

	OFDM symbol length (usec)
	66.67
	13.33

	No. of symbols/subframe
	14
	14

	Subframe length (ms)
	1
	0.2

	CP overhead
	6.57%
	6.57%

	FFT Size
	2048
	2048

	Sampling rate (MHz)
	30.72
	153.6


Proposal 2: Include 75 kHz subcarrier spacing as one design assumption for the NR numerology
3. Conclusions
In this contribution, the additional considerations of NR numerology are discussed. In summary, the proposals are as follows:
Proposal 1: Confirm 15 kHz subcarrier spacing as the base NR numerology.
Proposal 2: Include 75 kHz subcarrier spacing as one design assumption for the NR numerology
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