Page 1
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 #85
R1-164666
Nanjing, China, May 23rd – 27th, 2016
Agenda Item:
7.1.4 
Source:
InterDigital Communications

Title:
NR Numerology
Document for:
Discussion, Decision
1 Introduction
During RAN#71, a study item (SI) [1] on New Radio Access Technology was approved.  At the last RAN1 meeting in Busan, discussion on NR numerology took place and a number of agreements were reached (see [2]):

Agreements:
· For NR, it is necessary to support more than one values of subcarrier-spacing
· Values of subcarrier-spacing are derived from a particular value of subcarrier-spacing multiplied by N where N is an integer
· Alt.1: Subcarrier-spacing values include 15 kHz subcarrier-spacing (i.e., LTE based numerology)

· Alt.2: Subcarrier-spacing values include 17.5 kHz subcarrier-spacing with uniform symbol duration including CP length

· Alt.3: Subcarrier-spacing values include 17.06 kHz subcarrier-spacing with uniform symbol duration including CP length

· Alt.4: Subcarrier-spacing values 21.33 kHz

· Note: other alternatives are not precluded

· FFS: exact value of a particular value and possible values of N
· The values of possible subcarrier-spacing will be further narrowed-down in RAN1#85
· RAN1 will continue further study and conclude between following alternatives in the next meeting

- Alt. 1:

· The subcarrier spacing for the NR scalable numerology should scale as

· fsc = f0 * 2m
· where

· f0 is FFS

· m is an integer chosen from a set of possible values

- Alt. 2:

· The subcarrier spacing for the NR scalable numerology should scale as

· fsc = f0 * M

· where

· f0 is FFS

· M is an integer chosen from a set of possible positive values

Of particular interest to this document, it was agreed that for NR multiple subcarrier spacing values were needed to support NR operations, and that the subcarrier spacings (fsc) should be derived from a baseline subcarrier spacing value (f0) multiplied by a integer value (N). The exact value of f0 and how the values of N can be obtained are still to be determined.
2 Discussion
2.1 Time alignment with LTE
In order to align transmission times to the 3GPP family of radio access technologies, it is preferable that a transmission burst in NR (here we define a transmission burst as a sequence of NR OFDM symbols) can be aligned with the 1ms LTE subframe.  This is not only advantageous in case of co-channel deployment in TDD operations but also for supporting tight LTE-NR integration in general.  We thus propose the following:
Proposal 1:
NR transmission bursts are time-aligned with 1ms LTE subframes

2.2 Transmission Burst Durations

The basic requirements for NR are to support various services including eMBB, mMTC and URLLC.  As a result, and as discussed in previous contribution [3], NR will have to support multiple “transmission burst” durations to efficiently support these services.  In particular for supporting URLLC services, it is very important that NR can easily and natively accommodate TTIs of shorter durations.  For example to satisfy the user plane latency of 0.5ms, TTIs of shorter durations are needed (e.g. in the order of 100ns to 150ns), and thus shorter TTIs may also be needed.

In order to maintain time-alignment across TDD cells and to simplify resource allocation, it is also important that the different transmission bursts durations be related and aligned when they are multiplexed.  A promising approach to do this is to let the transmission burst durations be related by a power of 2.  For example the transmission burst durations can be expressed as a power of 2 scaling, such that: Ttb = T0×2k, where Ttb is the transmission burst duration and T0 is the baseline transmission burst duration and the k=0,1,2,…,Kmax is a an integer and Kmax is the maximum value of k.  This approach allows short and longer transmission bursts to co-exist with time-aligned boundaries.  
Proposal 2:
Duration of transmission bursts are related by a power of 2 scaling rule.
There are two different approaches to have different transmission bursts durations: a first approach consists of changing the number of OFDM symbols in a transmission burst (this is the approach taken for LTE latency reduction, for example).  A second approach consists of scaling the OFDM numerology to change the subcarrier spacing – which also results in different OFDM symbols duration.
While both approaches have merit, we note that it may not always be desirable to scale the numerology to have shorter transmission bursts.  Indeed with larger subcarrier spacing the scaled CP may no longer be sufficient for the delay spread of the channel – this would in effect limit applicability of certain services to deployments scenarios.  If the CP duration is adjusted, not only the spectrum efficiency suffers, but it also increases the hardware complexity as the new CP duration would not be scaled in the same way as the rest of the OFDM numerology.  Thus it is desirable that the transmission burst consist of a variable number of OFDM symbols:
Proposal 3: 
Transmission bursts consists of variable number of OFDM symbols.
Following similar logic as above for flexibility and for time-multiplexing, this requires that the transmission burst itself consists of a number of OFDM symbols that can be expressed as a power of 2.  More specifically, the number of OFDM symbols in a transmission burst may be expressed as Ntb = 2l, where Ntb is the number of OFDM symbols in a transmission burst and l=0,1,2,…,Lmax is a an integer and Lmax is the maximum value of l.

Proposal 4: 
The number of OFDM symbols in a transmission burst is expressed as a power of 2.
This further implies that the number of OFDM symbols in a 1ms subframe can also be expressed as a power of 2.

We note here that unfortunately the current LTE numerology does not lend itself to this kind of flexible adaptation, mostly due to the fact that an LTE slot consists of 7 OFDM symbols (or in the case of extended CP 6 OFDM symbols) which is not a power of 2.  The proposal here is advantageous as transmission bursts of various durations can not only be easily implemented (in particular w.r.t. FFT size) but also be easily time-multiplexed.  This may prove very important when time-multiplexing URLLC traffic with mMTC or eMBB type of traffic, or for future compatibility.
2.3 Supporting Multiple Bands

For supporting multiple bands, it is also important to have the ability to scale the numerology in a way that reduces hardware complexity.  It is thus preferable from both an implementation and a future compatibilty point of view to have a subframe/numerology that lends itself to flexible and adaptable scaling.  Again to have time-aligned transmission bursts and for ease of implementation it is favorable to have a subcarrier spacing fsc scaling that supports the same power of 2 relationship w.r.t. to a baseline subcarrier spacing f0:
Proposal 5:
The subcarrier spacing for the NR scalable numerology should scale as fsc=f0 ×2m
2.4 Baseline Subcarrier Spacing
In CP-OFDM, the subcarrier spacing, symbol duration and CP lengths are parameters that should be chosen based on the physical characteristics of the channel (Doppler, delay spread, etc.) and other practical factors such as ease of implementation (e.g. FFT size, phase noise), and backwards compatibility with LTE and other technologies.
In addition to performance issues such as CP overhead, phase noise, Doppler, the following additional criteria may be considered in evaluating the various alternatives:

Dual-mode modems implementation considerations

Most modems (at least in the beginning of NR) will be designed for dual-mode operations and will have to support at least LTE as well as NR.  To facilitate dual-mode operations, it is reasonable to require that NR uses a sampling rate that can be derived directly from the LTE baseline sampling rate of FLTE,s = 30.72MHz.  A simple option of course is to use 30.72MHz as baseline sampling rate, but it is also possible to use simple scaling ratios of that value, e.g.: FNR,S = N/D * FLTE,s, where N and D are integers.  Equivalently, the basic NR Time Unit should be expressed as a simple ratio of the LTE time unit.

Observation 1:
Multi-mode modem implementation is facilited when the base sampling rate is related to the LTE assumed rate of 30.72MHz.
Proposal 6:
Baseline NR time unit can be expressed as a rational number of the LTE Ts
Co-existence with NB-IoT/LTE (15kHz spacing)

An argument in favor of supporting 15kHz subcarrier spacing is to be able to support NR and NB-IoT in the same spectrum such that LTE spectrum can be refarmed to NR without affecting the MTC devices that typically have a much longer lifespan than typical handsets.  
While co-existence with NB-IoT may be facilitated by using the same subcarrier spacing (15kHz), using a different subcarrier spacing for NR is by no means a show-stopper; a simple and effective solution is to put guard bands to isolate the NB-IoT devices.  In many deployments, guards bands for NB-IoT will be needed even in LTE spectrum.  In practice chosing 15kHz subcarrier spacing for NR saves the need for guard bands in the relatively infrequent case of co-channel NB-IoT deployment with the same base station in a synchronized network.
Observation2 :
Coexistence with NB-IoT may require guard bands even with 15kHz subcarrier spacing.  Only in some deployment cases guard bands may be avoided.
We make the observation that while there is a requirement for supporting multiple services and a requirement for forward compatibility for NR, there are no requirements for backward compatibility with LTE.  When considering the entire discussion so far, we make the final observation that the LTE numerology and slot structure does not lend itself to the flexible adaptation necessary for NR.  Our view is that for NR is it more important to have a flexible numerology and be future compatible than to be backwards-compatible to NB-IoT, which would be beneficial to only a few deployment scenarios.
2.5 Possible Numerologies
A number of different OFDM numerologies can meet the NR requirements, including for example Alt. 2 (f0 =17,5kHz) and Alt. 3 (f0 =17.06kHz) in the previous meetings’ agreements.  We provide here examples of possible sets of OFDM numerologies based on these two alternatives:
Table 1
	
	Set 1
	Set 2
	Set 3
	Set 4
	Set 5
	Set 6

	Number of symbols / Subframe
	16
	8
	32
	64
	16
	8

	Subcarrier Spacing (kHz)
	17.06
	8.53
	34.13
	68.72
	17.5
	8.75

	OFDM Symbol duration (μs)
	62.5
	125
	31.25
	15.63
	62.5
	125

	CP duration (μs)
	3.9
	7.8
	2
	0.97
	5.4
	10.7

	FFT size
	1800 (23×32×52)
	3600 (24×32×52)
	900 (22×32×52)
	450 (21×32×52)
	2048
	4096

	Sampling rate (MHz)
	30.72
	34.84

	Subframe length (ms)
	1
	1

	Frame length (ms)
	10
	10


From the channel statistics in 36.814 we further derive a delay spread threshold corresponding to the mean+2×standard deviation of the various scenarios and obtain the following:
Table 2
	Scenario
	Delay spread threshold (mean+2×std dev.)

(in μs)

	InH
	0.074

	UMi
	1.5

	UMa
	2.2

	RMa
	0.407


Thus we observe that for those channels, the largest delay spread threshold is 2.2μs, which is below the cyclic prefix of all set of numerologies in Table 1 except Sets 3 and 4, which would be designed to operate in frequency bands above 6GHz.
Proposal 7:
Use the set of numerologies derived 17.06kHz and 17.5kHz as starting point for further RAN1 studies.
3 Conclusion

In this contribution, we have discussed numerologies for NR and have made the following observations and proposals:
Observation 1:
Multi-mode modem implementation is facilited when the base sampling rate is related to the LTE assumed rate of 30.72MHz.
Observation2 :
Coexistence with NB-IoT may require guard bands even with 15kHz subcarrier spacing.  Only in some deployment cases guard bands may be avoided.
Proposal 1:
NR transmission bursts are time-aligned with 1ms LTE subframes

Proposal 2:
Duration of transmission bursts are related by a power of 2 scaling rule.

Proposal 3: 
Transmission bursts consists of variable number of OFDM symbols.

Proposal 4: 
The number of OFDM symbols in a transmission burst is expressed as a power of 2.

Proposal 5:
The subcarrier spacing for the NR scalable numerology should scale as fsc=f0 ×2m
Proposal 6:
Baseline NR time unit can be expressed as a rational number of the LTE Ts
Proposal 7:
Use the set of numerologies derived 17.06kHz and 17.5kHz as starting point for further RAN1 studies.
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