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1 Introduction

At the TSG RAN1 Meeting #82, the study on LTE based V2X services [1] was started. The system level evaluation assumptions were agreed and captured in [2]. In this contribution, we analyze the benefits of changing LTE numerology for V2V/V2X services. Our views on other aspects of V2V/V2X communication are provided in our companion contributions [4]-[7].
2 Motivation for LTE Numerology Change
There are several aspects that require careful consideration and are good motivating factors to adjust LTE numerology for LTE based V2V/V2X services:

· Demodulation/synchronization performance – the LTE numerology may be adjusted to improve demodulation/synchronization performance for V2V communication;
· Half-duplex and in-band emission effects – the LTE numerology may be adjusted to reduce the half-duplex problem and impact from in-band emissions;
· Resource allocation and latency considerations – the LTE numerology may be adjusted to reduce the latency and improve performance in terms of resource allocation.
All these aspects would benefit from the reduced TTI time and may provide substantial performance improvement for V2V communication, while having scalable design option, reusing the existing LTE design concepts and implementation.
2.1 Demodulation/Synchronization Performance

The demodulation was identified as one of the main issues for V2V communication based on current sidelink air-interface [4]. The high channel variation (within legacy subframe duration) makes it challenging to estimate channel using two DMRS symbols per subframe which are spaced by 0.5 ms from each other. The simple numerology change may increase the density of DMRS signals per TTI and thus reduced the impact on demodulation performance substantially.
2.2 Half-Duplex and In-Band Emissions

The half-duplex is one of the main problems for D2D communication in general and it is even more essential for V2V communication. The main solution for half-duplex problem is to trade the frequency resources on time resources, i.e. make a TDM centric design with more resources allocated over the time, which was also confirmed by system level analysis provided in [5]-[6]. Therefore the reduced TTI time is more beneficial and should be considered for V2V communication.
2.3 Resource Allocations and Latency Considerations

The reduced TTI time would also benefit latency of packet delivery. This is due to the fact that more time resources can be available over 100ms time interval and therefore either more pools or channel access opportunities can be allocated. It should be also taken into account that agreed V2V message sizes are relatively large and thus relatively wideband transmissions may be more beneficial by utilizing more frequency resources and allowing more free time resources.
3 LTE-V2V Numerology
In order to address the challenging technical aspects mentioned in section 2, the simple LTE numerology change may be considered for LTE based V2V/V2I services. One of the options is to introduce additional subcarrier spacing of 30 kHz for V2V communication. The increase of subcarrier spacing will decrease the symbol duration so that the whole V2V subframe will fit the 0.5 ms. This change will effectively increase DMRS density providing two DMRS symbols over 0.5 ms duration and spaced by 0.25 ms or less depending on the DMRS design discussion.
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Figure 1: Example of LTE V2V Numerology.
Proposal 1
· Consider to adjust LTE numerology for LTE based V2V/V2X services.
· The increased subcarrier spacing and reduced TTI is considered for V2X operation.
4 Other Considerations
The increase of subcarrier spacing in two times will scale down in two times the SC-FDMA(OFDMA) symbol duration and possibly number of PRBs that can be allocated in 10 MHz bandwidth, relative to the legacy system. However given the half-duplex, in-band emission and latency considerations it is reasonable to trade frequency resources on time resources. In the next subsections, we also analyze the impact from the channel delay spread on shortened symbol duration.
Channel Delay Spread Considerations
The reduced symbol duration may adversely affect the performance due to channel delay spread and potential inter-symbol interference. However, V2X services are likely to use low order modulations for communication which are not so sensitive to the potentially slight impact from inter-symbol interference. Moreover, if scaled down version of normal CP duration is deemed not sufficient, then the scaled down version of extended CP type can be configured. It should be noticed that the scaled down in two times version of the extended CP will have the similar duration as the normal CP in legacy system.
Synchronization Considerations

The reduced CP duration may also have slight impact on synchronization in terms of reception timing and single FFT reception assumption. However, the same arguments that were used for channel delay spread are also valid here. In addition depending on synchronization option the transmit timing may have less variation resulting in reduced variation at the receiver side. Moreover, the wide-bandwidth transmissions is a more typical assumptions for V2V use cases given the relatively large packet size, half-band emission and half-duplex effects. Therefore the amount of simultaneous transmitting vehicles is expected to be relatively small and thus simplify the potential reception timing issues.
5 Conclusions
In this contribution, we discussed the benefits from introducing new LTE numerology for V2V/V2X communication, supported by link and system level evaluations presented in our companion contributions. Based on the discussion and presented analysis we propose to consider new numerology with increased subcarrier spacing as one of the options for LTE based V2V/V2X solution.
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7 Appendix A: LTE V2V Numerology
This section provides reference tables for the case of legacy (15 kHz) and new LTE numerology proposed for V2V communication based on increased subcarrier spacing in two times (30 kHz). In addition for the sake of reference, we provide numerology that was defined by the IEEE 802.11p system for V2V applications, which has much shorter OFDM symbol duration comparing to the increased subcarrier spacing proposed for LTE based V2V/V2X services:
Table 1: Existing LTE Numerology.

	BW
	1.4
	3
	5
	10
	15
	20

	Number of RBs
	6
	15
	25
	50
	75
	100

	FFT Size
	128
	256
	512
	1024
	1536
	2048

	Subframe Duration
	1 ms

	Slot Duration
	0.5 ms

	Symbol Duration
	Normal CP: Normal CP: ~71.8 μs (160 Ts for l = 0), ~71.3 μs (144 Ts for l = 1, 2, …, 6)
Extended CP 83.3 μs (512 + 2048 Ts for l = 0, 1, …, 5)

	Subcarrier spacing
	15 kHz

	CP Duration
	Normal CP: ~5.4 μs (160 Ts for l = 0), ~4.7 μs (144 Ts for l = 1, 2, …, 6)
Extended CP: ~16.7 μs (512 Ts for l = 0, 1, …, 5)

	PRB size
	12 REs


Table 2: Proposed V2V/V2X LTE Numerology - Reduced Amount of PRBs – Legacy PRB size.

	BW
	1.4
	3
	5
	10
	15
	20

	Number of RBs
	3
	15 → {7|8}
	25 → {12|13}
	25
	75 → {37|38}
	50

	FFT Size
	64
	128
	256
	512
	768
	1024

	SF Duration
	0.5 ms

	Slot Duration
	0.25 ms

	Symbol Duration
	Normal CP: ~35.9 μs (80 Ts for l = 0), ~35.67 μs (72 Ts for l = 1, 2, …, 6)

Extended CP: ~41.7 μs (256+1024 Ts for l = 0, 1, …, 5)

	Subcarrier spacing
	30 kHz

	CP Duration
	Normal CP: ~2.7 μs (80 Ts for l = 0), ~2.34 μs (72 Ts for l = 1, 2, …, 6)
Extended CP: ~8.3 μs (256 Ts for l = 0, 1, …, 5)

	PRB size
	12 REs


Table 3: Proposed V2V/V2X LTE Numerology – Legacy Amount of PRBs – Reduced PRB Size.

	BW
	1.4
	3
	5
	10
	15
	20

	Number of RBs
	6
	15
	25
	50
	75
	100

	FFT Size
	64
	128
	256
	512
	768
	1024


	SF Duration
	0.5 ms

	Slot Duration
	0.25 ms

	Symbol Duration
	Normal CP: ~35.9 μs (80 Ts for l = 0), ~35.67 μs (72 Ts for l = 1, 2, …, 6)

Extended CP: ~41.7 μs (256+1024 Ts for l = 0, 1, …, 5)

	Subcarrier spacing
	30 kHz

	CP Duration
	Normal CP: ~2.7 μs (80 Ts for l = 0), ~2.34 μs (72 Ts for l = 1, 2, …, 6)
Extended CP: ~8.3 μs (256 Ts for l = 0, 1, …, 5)

	PRB size
	6 REs


Table 4: IEEE 802.11p Numerology.

	BW
	10 MHz

	FFT Size
	64

	Symbol Duration
	8 μs (FFT period 6.4 μs)

	Subcarrier spacing
	0.15625 MHz

	CP Duration
	1.6 μs
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