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1. Introduction

In RAN4 #78bis, we agreed the simulation assumptions for adjacent channel coexistence between DSRC/802.11p and LTE-V2V in the unlicensed 5.9GHz band [R4-163004]. Further, in a related way forward in R4-163003, we agreed to use packet reception rate (PRR) as the performance measure for LTE-V2V. The WF R4-163003 also included link level simulation assumptions to provide the results for SINR-BLER mapping needed to calculate for LTE-V2V. However, a similar agreement on DSRC/802.11p was not formally made in RAN4 #78bis.

Similar to the agreed WF R4-163003 for LTE-V2V, in this paper we propose to PRR as a performance measure for DSRC/802.11p. Further we provide our simulation results for SINR-BLER mapping for DSRC/802.11p using similar assumptions as R4-163003.

2. Performance measure for DSRC/802.11p
In RAN4#78bis, we agreed to use packet reception rate (PRR) as the performance measure for LTE-V2V [R4-163003]. However, no explicit agreement was made regarding DSRC/802.11p performance measure. 

The rationale of using PRR was because is more appropriate for V2V coexistence study since: (a) there is no link adaptation and thus throughput is not an appropriate metric for system performance, and (b) we are looking at a particular traffic pattern (190bytes / 300 bytes every 100ms) for coexistence study.
Hence we make the simple proposal of using PRR as a performance measure for DSRC/802.11p as well. This will be used when DSRC/802.11p is the victim system.
Proposal 1: Use packet reception rate (PRR) vs. distance as the system level performance measure for DSRC/802.11p.

3. SINR-BLER mapping for DSRC/802.11p

3.1. Link level simulation assumptions

Consistent with the link level simulation assumptions in R4-163003 for LTE-V2V, we propose the assumptions in Table 1.
Table 1: Link level simulation assumptions to derive SINR-BLER mapping for DSRC/802.11p

	Channel bandwidth
	10 MHz

	Carrier frequency
	5.9GHz

	Number of antennas
	1 Tx, 2 Rx

	Fast Fading
	NLOS ITU-R UMi clustered delay line models (CDL) as specified in [TR 36.843, Section A.2.1.2.1.2]
· Note NLOS only is used as agreed for V2V in Table A.1.4-1 in TR 36.885.

	Packet size
	190 bytes, 300 bytes

	MCS
	QPSK, rate 1/2, convolutional coding

	Relative UE speeds
	30kmph, 120kmpr

(assuming UEs going in opposite directions)


Proposal 2: Adopt the link level simulation assumptions as specified in Table 1 to derive the SINR-BLER mapping to compute PRR for DSRC/802.11p.
3.2. Link level simulation results

In this section, we provide the SINR-BLER simulation results based on the assumptions presented in Table 1. 

First, we provide a high level description of the baseline receiver algorithm used (in particular for channel tracking) in subsection 3.2.1 below, and then provide the results in subsection in 3.2.2.
3.2.1. Baseline DSRC/802.11p receiver assumption

Figure 1 shows the packet structure for DSRC/802.11p. 

The 802.11p packet has 2 long training symbols and denoted as LTF1 and LTF2 in this paper. LTF1 and LTF2 contains pilots (+1/-1 symbols) over all the 52 subcarriers. Using LTF1 and LTF2 the UE performs channel estimation over the entire channel BW (10MHz / 52 subcarriers) and fine frequency offset estimation.

The SIGNAL symbol follows the two long pilots. The SIGNAL symbol contains 24 information bits and is rate ½ encoded and BPSK modulated. The DATA frame follows the SIGNAL symbols. The first DATA symbol contains 16 service bits and 32 information bits. The number of symbols for data depends on the packet length and MCS. For QPSK rate 1/2, the number of data OFDM symbols is 51 for 300bytes and 33 for 190bytes. The last symbol has tail followed by padding to ensure that we exactly fill the symbol. 
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Figure 1: Packet structure for 802.11p
The SIGNAL and DATA symbols use 48 subcarriers for data bits, and 4 subcarriers for pilots. Thus pilots are present on 4 subcarriers throughout the transmission time of the data symbols. For low Doppler, this is enough to track the channel. For high Doppler (e.g. 120kmph relative speeds), however, channel tracking based on pilots alone shows performance degradation. Hence we suggest using a baseline receiver that performs channel tracking based on the data tones as well. The interleaving and coding of 802.11p allows for channel tracking using data after decoding, and is thus used as the baseline receiver.

Figure 2 shows a high level depiction of the baseline receiver assumed for generating the SINR-BLER mapping.
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Figure 2: High level depiction of baseline receiver assumption
3.2.2. SINR-BLER results

For the simulation assumptions in Table 1, and using a baseline receiver implementation as depicted in Figure 2, the following results are obtained.
Table 2: Link level simulation results for DSRC/802.11p

	SNR
	Packet Size / 
Relative speed (assuming opposite heading)

	
	190bytes
	300 bytes

	
	30kmph
	120kmph
	30kmph
	120kmph

	0
	0.99
	1
	0.99
	0.99

	1
	0.98
	0.98
	0.99
	0.97

	2
	0.95
	0.98
	0.94
	0.95

	3
	0.9
	0.94
	0.87
	0.91

	4
	0.68
	0.81
	0.74
	0.86

	5
	0.57
	0.71
	0.6
	0.71

	6
	0.47
	0.54
	0.46
	0.57

	7
	0.28
	0.29
	0.34
	0.39

	8
	0.2
	0.15
	0.22
	0.21

	9
	0.11
	0.06
	0.16
	0.07

	10
	0.05
	 
	0.08
	0.02

	11
	0.02
	 
	0.05
	 

	12
	0.01
	 
	0.02
	 

	13
	 
	 
	0.01
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Figure 3: Link level simulation results for DSRC/802.11p
Proposal 3: The results in Table 2 on SINR-BLER mapping for DSRC/802.11p can be used as baseline / merged with other company results for the purpose of DSRC-V2V coexistence study.

4. Conclusions
In this paper, we present our proposals on DSRC/802.11p performance measure for DSRC-V2V coexistence study. 

Proposal 1: Use packet reception rate (PRR) vs. distance as the system level performance measure for DSRC/802.11p.

Proposal 2: Adopt the link level simulation assumptions as specified in Table 1 to derive the SINR-BLER mapping to compute PRR for DSRC/802.11p.

Proposal 3: The results in Table 2 on SINR-BLER mapping for DSRC/802.11p can be used as baseline / merged with other company results for the purpose of DSRC-V2V coexistence study.
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