Page 1

3GPP TSG RAN WG1 Meeting #83

R1-156535
Anaheim, USA, 15th - 22th November 2015

Source:
Intel Corporation

Title:
 




On benefits of adjusted LTE numerology for V2V communication

Agenda item:
6.2.8.1.1
Document for:
Discussion and Decision

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], [4]. 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 [5]-[12].
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 length and may provide 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 design [11]. 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 reduce 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 more TDM centric design with more resources allocated over the time. That was also confirmed by system level analysis provided in this contribution and in [8]-[9].
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 the 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 LTE numerology change may be considered for LTE based V2X 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 0.5 ms. This change will effectively increase DMRS density providing two DMRS symbols over 0.5 ms duration spaced by 0.25 ms or even less depending on the DMRS design discussion.
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Figure 1: Example of LTE V2V Numerology.
Observation 1
· The change of subcarrier spacing to 30kHz may simultaneously address multiple problems for LTE based V2V communication, providing following benefits:

· Reduced latency;
· Improved demodulation performance;
· Improved system level performance in terms of packet reception reliability, especially in congested vehicular environments.
4 System Level Analysis
The increase of subcarrier spacing in two times scales down in two times the SC-FDMA(OFDMA) symbol duration and 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 especially in congested interference environments. In this section, we provide comparative system level analysis of Rel.12 sidelink with 15 kHz and 30 kHz subcarrier spacing respectively. For analysis, we assume that 4 DMRSs are used per subframe (1 ms) in case of 15 kHz and two DMRSs per subframe (0.5 ms) for 30 kHz. The total amount of PRBs in case of 30 kHz is reduced into two times, i.e. 25 PRBs for 10 MHz system bandwidth. The following resource pool configurations are analyzed:
· Resource granularity: QPSK, 12 PRBs (190 bytes) / 24 PRBs (300 bytes) – same across all scenarios below.
· PSCCH/PSSCH 8 SFs/32 SFs; 15 kHz; 40ms period; T-RPT Baseline (N = 8, k = 2, 4; random start time – baseline); QPSK; 12 PRBs (190 bytes) / 24 PRBs (300 bytes); 4 TTIs;

· PSCCH/PSSCH 16 SFs/64 SFs; 30 kHz; 40ms period; T-RPT Baseline (N = 8, k = 2, 4; random start time – baseline); QPSK; 12 PRBs (190 bytes) / 24 PRBs (300 bytes); 4 TTIs;
· PSCCH/PSSCH 8 SFs/32 SFs; 15 kHz; 40ms period; T-RPT Random (nchoosek(32,2) set – fully random); QPSK; 12 PRBs (190 bytes) / 24 PRBs (300 bytes); 2 TTIs;

· PSCCH/PSSCH 8 SFs/32 SFs; 15 kHz; 40ms period; T-RPT Random (nchoosek(32,4) set  – fully random); QPSK; 12 PRBs (190 bytes) / 24 PRBs (300 bytes); 4 TTIs;

· PSCCH/PSSCH 16 SFs/64 SFs; 30 kHz; 40ms period; T-RPT Random (nchoosek(64, 2) set – fully random); QPSK; 12 PRBs (190 bytes) / 24 PRBs (300 bytes); 2 TTIs;

· PSCCH/PSSCH 16 SFs/64 SFs; 30 kHz; 40ms period; T-RPT Random (nchoosek(64, 4) set – fully random); QPSK; 12 PRBs (190 bytes) / 24 PRBs (300 bytes); 4 TTIs;

· PSCCH/PSSCH 16 SFs/64 SFs; 30 kHz; 40ms period; T-RPT Random (nchoosek(64, 8) set – fully random); QPSK; 12 PRBs (190 bytes) / 24 PRBs (300 bytes); 8 TTIs.
The results of system level analysis are summarized in Figure 2 and Figure 3.
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Freeway, 70 km/h – dense scenario
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Freeway, 140 km/h – sparse scenario
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	Figure 2: V2V performance for different numerologies (CDF of PRR for 15kHz and 30kHz).
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Freeway, 70 km/h – dense scenario
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Urban, 15 km/h – dense scenario
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Freeway, 140 km/h – sparse scenario
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	Figure 3: V2V performance for different numerologies (Average PRR for 15kHz and 30kHz).


Based on the analysis presented in Figure 2 and Figure 3 above, we have the following observations:

Observation 2
· The resource allocation options utilizing 30 kHz subcarrier spacing provide improved V2V communication performance.

· The adjusted numerology may provide incremental performance gain on top of any other enhancement introduced for resource allocation.

5 Conclusions
In this contribution, we discussed the benefits from introducing new LTE numerology for V2V communication, supported by link [11] and system level evaluations [8], [9]. Based on the discussion and presented analysis, we propose to consider new LTE numerology with the increased subcarrier spacing as one of the options for LTE based V2V communication. According to our analysis the revised numerology for V2V communication will bring the following performance benefits, which are fundamental for V2V communication at higher carrier frequency 6GHz in case of high mobility:

· Reduced V2V communication latency;
· Synchronization – wider carrier frequency offset synchronization range (see [12]);
· Improved demodulation performance (see [11]);
· Channel estimation in high mobility environment;

· Reduced sensitivity to ICI in case of high Doppler shift/spread and synchronization error;

· Reduced DMRS overhead.
· Increased packet reception ratio due to relaxation of in-band emission and half-duplex effects in congested vehicular environments (see also [8], [9]).

· Reuse of the existing LTE building blocks as targeted by study item description.

Based on the presented analysis, we have following set of proposals:
Proposals
· Consider increasing subcarrier spacing (e.g. 30 kHz) for V2V communication.

· Capture the presented results and observations in the 3GPP technical report [4].
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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


8 Appendix B: Summary of Evaluation Assumptions
In this section, we provide summary of system level simulation assumptions used for V2V evaluation in this contribution.

Table 5: Summary of system level evaluation assumptions
	Parameter
	Value

	Deployment Scenarios
	Freeway road:

Dense: average inter-vehicular distance = 2.5 sec * absolute vehicle speed 70km/h

Sparse: average inter-vehicular distance = 2.5 sec * absolute vehicle speed 140 km/h

Urban:

Dense: average inter-vehicular distance = 2.5 sec * absolute vehicle speed 15kmph

Sparse: average inter-vehicular distance = 2.5 sec * absolute vehicle speed 60 km/h

	Channel model
	According to the agreed evaluation methodology in [2]

	Traffic model
	Periodic traffic model according to [2] with randomized initial arrival time

· 190 bytes every 100ms (four consecutive packets)

· 300 bytes every 500ms (every 5th packet)

	Bandwidth
	10 MHz / 50 PRBs for PSCCH and PSSCH

	Modulation and Transport Block Size


	· Packet size - 190 bytes

· QPSK: 12 PRBs (code rate ~ 0.58 per TTI), TBS 1672, MCS 8

· 16QAM: 6 PRBs (code rate ~ 0.54 per TTI), TBS 1544, MCS 14

· Packet size - 300 bytes

· QPSK: 24 PRBs (code rate ~ 0.43 per TTI) , TBS 2472, MCS 6

· 16QAM: 12 PRBs (code rate ~ 0.42 per TTI), TBS 2408, MCS 12

	Evaluation modes
	Co-channel interference + in-band emission + half-duplex are taken into account

PSCCH & PSSCH

	Number of TTI per PDU
	4 TTIs (baseline), 2 TTIs, 8 TTIs

	# DMRSs per subframe
	15 kHz (1ms TTI): 4 DMRSs (for improved demodulation)

30 kHz (0.5 ms TTI): 2 DMRSs 

	Phy Abstraction
	TBCC for PSCCH and CTC for PSSCH

	Frequency hopping
	Enabled
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