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1. Introduction

In accordance to the eV2X WID objectives WGs need to study the feasibility and gains of transmit diversity techniques for PC5 operation [1]:

	Study the feasibility and gain of PC5 operation with Transmit Diversity, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality and use the same scheduling assignment format (which can be decoded by Rel-14 UEs), without causing significant degradation to Rel-14 PC5 operation compared to that of Rel-14 UEs, and specify this PC5 functionality if justified. [RAN1, RAN2, RAN4]


The respective topic was discussed in the RAN1 WG for several meetings. A number of issues which require RAN4 analysis were identified and are summarized in the RAN1 LS [2]:
	1. Overall Description:

RAN1 has taken the following working assumption:

· For designing PSSCH, RAN1 assumes the use of two-port non-transparent transmit diversity

· The use of non-transparent transmit diversity is configured. 

· Details, including diversity scheme, are FFS

· Support of transmission and/or reception up to UE capability

· Note: It is RAN1 understanding that requirements on capabilities can be set at regional level and are outside 3GPP scope

· Send LS to RAN4 to ask their opinion about when non-transparent scheme for transmit diversity is used by Rel-15 UEs:

· Impact on Rel-14 UEs of PSSCH-RSRP measurement accuracy

· MPR for Rel-15 UEs

· Non-transparent Transmit diversity is not used in the following cases:

· When communicating with Rel-14 UEs

· When there is a high probability of resource collision with Rel-14 UEs

Note: Some companies observe that the performance of MMSE-IRC receiver degrades when a non-transparent Transmit diversity scheme is used in interference limited scenarios with a dominant interferer

RAN1 has the following list of candidate two-port non-transparent diversity schemes:

· STBC (including half symbol STBC proposal in R1-1705002)

· SFBC

· PVS in time domain

Note: other schemes are not precluded

RAN1 would like to get feedback on the following aspects due to two-port non-transparent transmit diversity:

· Impact on PSSCH-RSRP measurement accuracy of Rel-14 UEs

· MPR for Rel-15 UEs

· Impact on MMSE MRC receivers and advanced receivers in the a) presence of one interferer (single-port transmission and two-port diversity) b) presence of multiple interferers (single-port transmission and two-port diversity)




In this contribution we provide analysis of V2X transmit diversity impact on the UE demodulation performance in case of using LMMSE MRC and advanced receivers in the interference scenarios.
2. Discussion
In accordance to the RAN1 request, RAN4 needs to analyse the “Impact on MMSE MRC receivers and advanced receivers in the a) presence of one interferer (single-port transmission and two-port diversity) b) presence of multiple interferers (single-port transmission and two-port diversity)”. In RAN4 #84bis initial discussions on this aspect took place and WF [3] was agreed:

	· Interference scenarios

· Single-port transmission 

· Non-transparent Two-port diversity

· Number of interferers
· Single dominant interferer
· INR1 = 0, 5, 10, [15] dB
· Two dominant interferers
· INR1 = 0, 5, 10 dB
· INR1 = INR2 + 3dB
· Other options are not precluded
· Companies are encouraged to bring analysis on number of interferers and its corresponding interference level distribution for V2X scenarios
· Advanced receiver structure

· LMMSE-IRC

· RAN4 group prioritizes the study on the impact of Rel-14 UE
· Other options are not precluded

· Propagation condition
· EVA1500
· EVA180
· Other options are not precluded

· Other parameters
· Reuse V2X PSSCH test parameters in Section 14.2


2.1 Reference receiver structures

Based on Rel-14 RAN4 agreements, the V2V/V2X demodulation requirements were defined under LMMSE-MRC reference receiver assumptions. However, we would like to highlight that nothing precludes UEs from using more advanced receivers which are expected to provide improved performance in the interference limited environments [4] and the main rationale to focus on MRC processing in Rel-14 was the reason that requirements were defined under noise-limited conditions. For instance, at least LMMSE-IRC advanced receivers can be considered for the sake of analysis. The impacts on other receivers (e.g. E-LMMSE-IRC, CWIC) can be expected to be rather similar.
Observations #1:

· Rel-14 V2X UE demodulation requirements are defined under noise-limited environment and do not preclude using more advanced RX schemes to cope with interference

· LMMSE-IRC receivers can be used for LTE V2X to improve the performance in interference limited conditions

2.2 Interference profiles analysis

In accordance to the previous meeting discussion “Companies are encouraged to bring analysis on number of interferers and its corresponding interference level distribution for V2X scenarios”. In this section we provide selected results of the system-level analysis of typical V2X interference conditions.
The interference profiles generally depend on the following factors: deployment model, traffic model, resource allocation size, and resource selection algorithm. For the analysis we used the following typical assumptions:

· Freeway deployment scenario (70 km/h and 35 km/h vehicles speed) and 2.5s inter-vehicle mean time ahead

[image: image1.emf]-200 -150 -100 -50 0 50 100 150 200

-20

0

20

Y, [m]

X, [m]

Lane 0

Lane 2 ν 

ν 

ν 

ν 

ν 

ν 

ν 


· Propagation models based on TR 36.885
· 10MHz BW @ 5.9 GHz carrier frequency
· Periodic traffic model

· 100 ms packet arrival period

· 190 bytes packet size
· 20 PRB PSSCH + 2 PRB PSCCH resource allocation. 2TTI PSSCH/PSCCH transmission.

· Autonomous resource selection algorithm (sensing based)

Number of dominant transmitters / interferers

In Figure 1 we illustrate the PDF of the number of dominant transmitters statistics observed in each receive resource. Due to broadcast nature of V2X communication, the statistics includes both useful signals (the strongest ones) and also interfering transmissions (all the remaining transmissions). The number of dominant transmitters (N) is defined as the number of transmitters which contribute to the X = 99% of the total receive power in the given resource. For instance, group N means that P1..N / (PΣ – P1…N) > 20 dB, where PΣ  is the total RX power in the resource and P1..N is the total RX power for the N dominant transmitters. For example, N = 1 statistics means that V2X UE receives a single PSSCH transmission in the resource and this signal provides >99% of the total receive power (i.e. noise limited scenario). Two dominant transmitters case means that UE receives one useful PSSCH signal in the presence of one more dominant PSSCH transmission and both signals provide >99% of the total RX power. 

It may be observed that for both evaluated scenarios for ~40% of cases there is a single dominant PSSCH transmission. The remaining 60% scenarios are characterized by the presence of multiple PSSCCH transmissions in one resource. The scenarios with single dominant interferer have 25-30% probability and 2 dominant interferers scenarios happen 15-20% of cases. The scenarios with larger number of dominant transmissions happen for < 10% of cases.
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	Figure 1. Number of dominant V2X transmitters


Observations #2 (number of dominant interferers):

· Single dominant PSSCH transmission scenario has ~40% probability
· Scenarios with 1 or more interferers have ~60% probability
· Scenarios with single dominant interferer have 25-30% probability 
· Scenarios with 2 dominant interferers have 15-20% probability.
· Scenarios with larger number of dominant transmissions happen for < 10% of cases.
In accordance to these simulation results we recommend to further consider scenarios with 1 and 2 dominant interferers for further analysis.
Interference power profile for the 1st dominant interferer
In Figure 2 we illustrate the power profiles for the useful signal (i.e. strongest signal) and the first dominant interferer. The results are provided for the generics interference-limited scenarios (N ≥ 2) and scenarios with single dominant interferer (N=2). The following statistics is provided:
1) “Signal #1 SINR”: SINR of the useful signal (i.e. P1 / (P2 + PR), where P1 is useful signal power, P2 is the first dominant interferer power and PR is the residual interference and noise power)

2) “Signal #1 SNR”: SNR of the useful signal (i.e. P1 / PR)

3) “Signal #2 SNR”: SNR of the first dominant interferer (i.e. P2 / PR)
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	Figure 2. Interference power profile


Observations #3 (first dominant interferer power profile):

· Single dominant interferer scenario (N=2)
· 75km/h freeway scenario: the first dominant interferer SNR changes in the range from -10 dB to 30 dB. 50%-tile CDF = 0dB; 90%-tile CDF = 11 dB
· 35km/h freeway scenario: the first dominant interferer SNR changes in the range from -10 dB to 30 dB. 50%-tile CDF = 9dB; 90%-tile CDF = 18 dB
· Generic interference limited scenarios (N≥2)
· 70km/h freeway scenario: the first dominant interferer SNR changes in the range from -20 dB to 20 dB. 50%-tile CDF = -4dB; 90%-tile CDF = 9dB
· 35km/h freeway scenario: the first dominant interferer SNR changes in the range from -10 dB to 30 dB. 50%-tile CDF = 3dB; 90%-tile CDF = 15dB
In accordance to the analysis above we recommend to consider scenarios with INR1 in the range from 0 to 20 dB.
2.3 Link-level simulation results

Below we provide the link-level analysis for the following scenarios:
· Channel model

· EVA – 180Hz

· EVA – 1500Hz

· Interference signal structure

· Option 1: Single port (Rel-14)

· Option 2: Two-port non-transparent diversity (STBC, SFBC)

· Interference model

· Model A: Single dominant interferer

· INR1 = 0, 5, 10, 15 dB

· Model B: Two dominant interferers with 3 dB power imbalance
· INR1 = 0, 5, 10, 15 dB

· INR2 = INR1 - 3 dB 

The simulation results are summarized in Figures 1, 2 and 3 for different interference models and also for the case of using QPSK and 16QAM transmissions. The remaining simulation assumptions are summarized in the Annex A.
	MODEL A - SINGLE DOMINANT INTERFERER

	QPSK, EVA – 180 Hz

	INR = 0 dB
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	INR = 5 dB
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	INR = 10 dB
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	INR = 15 dB
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	QPSK, EVA – 1500 Hz

	INR = 0 dB
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	INR = 5 dB
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	INR = 10 dB
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	INR = 15 dB
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	16QAM, EVA – 180 Hz

	INR = 0 dB
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	INR = 5 dB
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	INR = 10 dB
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	INR = 15 dB
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	Figure 3. Interference Model A – Single Dominant interferer


	Model B: Two dominant interferers with 3 dB power imbalance

	QPSK, EVA -180 Hz

	INR1 = 0dB, INR 2 = -3 dB
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	INR1 = 5dB, INR 2 = 2 dB
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	INR1 = 10dB, INR 2 = 7 dB
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	INR1 = 15dB, INR 2 = 12 dB
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	QPSK, EVA -1500 Hz

	INR1 = 0dB, INR 2 = -3 dB

[image: image24.emf]-6 -4 -2 0 2 4 6 8

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

V2V PSSCH, 6 GHz, QPSK, INR=0dB,EVA-1500Hz

Interf Rel-14, MMSE-MRC

Interf Rel-14, MMSE-IRC

Interf Rel-15(SFBC), MMSE-MRC

Interf Rel-15(SFBC), MMSE-IRC

Interf Rel-15(STBC), MMSE-MRC

Interf Rel-15(STBC), MMSE-IRC


	INR1 = 5dB, INR 2 = 2 dB
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	INR1 = 10dB, INR 2 = 7 dB
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	INR1 = 15dB, INR 2 = 12 dB

[image: image27.emf]-8 -6 -4 -2 0 2 4 6

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

V2V PSSCH, 6 GHz, QPSK, INR=15dB,EVA-1500Hz

Interf Rel-14, MMSE-MRC

Interf Rel-14, MMSE-IRC

Interf Rel-15(SFBC), MMSE-MRC

Interf Rel-15(SFBC), MMSE-IRC

Interf Rel-15(STBC), MMSE-MRC

Interf Rel-15(STBC), MMSE-IRC



	16QAM, EVA -180 Hz

	INR1 = 0dB, INR 2 = -3 dB

[image: image28.emf]2 4 6 8 10 12 14 16

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

V2V PSSCH, 6 GHz, 16QAM, INR=0dB,EVA-180Hz

Interf Rel-14, MMSE-MRC

Interf Rel-14, MMSE-IRC

Interf Rel-15(SFBC), MMSE-MRC

Interf Rel-15(SFBC), MMSE-IRC

Interf Rel-15(STBC), MMSE-MRC

Interf Rel-15(STBC), MMSE-IRC


	INR1 = 5dB, INR 2 = 2 dB
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	INR1 = 10dB, INR 2 = 7 dB
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	INR1 = 15dB, INR 2 = 12 dB
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	Figure 4. Interference Model B – Two dominant interferers with 3 dB power imbalance


In Table 1 we summarize the performance degradation for different scenarios.

Table 1. MMSE-IRC performance degradation (Rel14 interference vs Rel-15 SFBC interference) @ 10% BLER

	Scenario
	Single Dominant interferer
	Two dominant interferers

	
	INR1 = 0
	INR1 = 5
	INR1 = 10
	INR1 = 15
	INR1 = 0
	INR1 = 5
	INR1 = 10
	INR1 = 15

	QPSK, EVA -180
	0.3
	1.1
	3.0
	4.5
	0.3
	0.9
	1.5
	1.8

	QPSK, EVA-1500
	0.1
	0.1
	0.4
	0.4
	0.0
	0.0
	0.1
	0.1

	16QAM, EVA-180
	0.5
	1.3
	2.8
	3.6
	0.4
	0.9
	1.6
	1.9


Based on the analysis we draw the following observations:

Observations #4 (link-level performance):
· Reference receivers

· LMMSE-MRC receiver has much worse performance comparing to LMMSE-IRC in scenarios when either Rel-14 or Rel-15 interference is present
· LMMSE-IRC receiver allows achieving substantial improvement over LMMSE-MRC in the investigated scenarios, especially in scenarios with single dominant interferer

· Interference type impact

· LMMSE-MRC receiver performance is not very sensitive to interference type and is almost equally bad for all interference types.

· Non-transparent 2 port transmit diversity scheme (e.g. SFBC/STBC) interference signals degrade demodulation performance of R14 UEs with LMMSE-IRC receiver in interference limited scenarios comparing to the case of single port interference. The performance impact depends on number of interferers, interference power and propagation conditions
Proposal #1:
Inform RAN1 on the negative impacts of non-transparent two-port transmit diversity schemes on the demodulation performance of Rel-14 UEs with LMMSE-IRC receiver.
3. Conclusions

In this contribution, we analysed the impact on non-transparent transmit diversity schemes on the Rel-14 V2X UEs demodulation performance under different reference receiver assumptions. In summary, we make the following observations and proposals:

Observations #1:

· Rel-14 V2X UE demodulation requirements are defined under noise-limited environment and do not preclude using more advanced RX schemes to cope with interference

· LMMSE-IRC receivers can be used for LTE V2X to improve the performance in interference limited conditions

Observations #2 (number of dominant interferers):

· Single dominant PSSCH transmission scenario has ~40% probability
· Scenarios with 1 or more interferers have ~60% probability
· Scenarios with single dominant interferer have 25-30% probability 
· Scenarios with 2 dominant interferers have 15-20% probability.
· Scenarios with larger number of dominant transmissions happen for < 10% of cases.
Observations #3 (first dominant interferer power profile):

· Single dominant interferer scenario (N=2)
· 75km/h freeway scenario: the first dominant interferer SNR changes in the range from -10 dB to 30 dB. 50%-tile CDF = 0dB; 90%-tile CDF = 11 dB
· 35km/h freeway scenario: the first dominant interferer SNR changes in the range from -10 dB to 30 dB. 50%-tile CDF = 9dB; 90%-tile CDF = 18 dB
· Generic interference limited scenarios (N≥2)
· 70km/h freeway scenario: the first dominant interferer SNR changes in the range from -20 dB to 20 dB. 50%-tile CDF = -4dB; 90%-tile CDF = 9dB
· 35km/h freeway scenario: the first dominant interferer SNR changes in the range from -10 dB to 30 dB. 50%-tile CDF = 3dB; 90%-tile CDF = 15dB
Observations #4 (link-level performance):

· Reference receivers

· LMMSE-MRC receiver has much worse performance comparing to LMMSE-IRC in scenarios when either Rel-14 or Rel-15 interference is present

· LMMSE-IRC receiver allows achieving substantial improvement over LMMSE-MRC in the investigated scenarios, especially in scenarios with single dominant interferer

· Interference type impact

· LMMSE-MRC receiver performance is not very sensitive to interference type and is almost equally bad for all interference types.

· Non-transparent 2 port transmit diversity scheme (e.g. SFBC/STBC) interference signals degrade demodulation performance of R14 UEs with LMMSE-IRC receiver in interference limited scenarios comparing to the case of single port interference. The performance impact depends on number of interferers, interference power and propagation conditions

Proposal #1:
Inform RAN1 on the negative impacts of non-transparent two-port transmit diversity schemes on the demodulation performance of Rel-14 UEs with LMMSE-IRC receiver.
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Annex A – Link-level simulation assumptions

Table 2. Simulation assumptions

	Parameter
	Value

	System bandwidth
	10 MHz

	Waveform
	SC-FDMA

	Modulation and coding scheme
	FRC #1: QPSK CR 1/3
FRC #2: 16QAM CR 1/2

	Antenna configuration
	2 x 2 Low correlation

	Channel model
	EVA-180 Hz
EVA-1500 Hz

	Frequency allocation
	1) QPSK: 3 PRBs

2) 16QAM: 8 PRBs

	Receiver type 
	1) LMMSE-MRC

2) LMMSE-IRC

	TxD schemes
	1) SC SFBC

2) SC STBC

	Time/Frequency offset
	No time/frequency offset
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