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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 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)

2. Actions:

To RAN WG4:

RAN1 respectfully asks RAN4 to clarify the aspects described above.


In this contribution we provide analysis of V2X transmit diversity impact on the PSSCH-RSRP measurements accuracy of Rel-14 UEs.

2. Discussion
In case of using non-transparent two-port transmit diversity schemes it is expected the legacy Rel-14 UE will still be capable to decode the respective PSCCH and attempt to perform PSSCH processing including PSSCH-RSRP measurements and PSSCH decoding. The PSSCH decoding would fail since the Rel-14 UE will not be aware on the particular signal structure (e.g. SFBC/STBC). Meantime, UE is still expected to be capable to perform the PSSCH-RSRP measurements which will be further used as a part of the autonomous resources selection procedure. Hence, to ensure the resource selection is done correctly it is important to avoid the impacts on the PSSCH-RSRP measurements accuracy.
To enable non-transparent two-port transmit diversity scheme, the PSSCH DMRS structure is expected to be modified. The exact details are subject to RAN1 discussion, but the high-level principle is that two DMRS signals will be provided for 2 transmit antennas rather than for single-port. In case both DMRS ports sequences will be different from the legacy Rel-14 DMRS sequence, the RSRP accuracy will degrade a lot since in the worst case UE will measure RSRP close to zero and will significantly underestimate the actual signal level. 
Observation #1: If Rel-15 two-port PSSCH DMRS does not include legacy DMRS sequence Rel-14 UE will fail to perform PSSCH-RSRP measurements
Therefore, we assume that one of the new PSSCH DMRS sequences will be identical to the Rel-14 one and the other one will be different. In the latter case, Rel-14 UE will be aware on only one of the two DMRS sequences when two transmit antennas are used. We also assume that the transmit power will be equally allocated across the two transmit antennas. Hence, Rel-14 UE is expected to have at least 3dB bias on the measured RSRP comparing to the ideal RSRP which should include the sum power of the two DMRS APs. In this case the PSSCH-RSRP estimation will be done in the presence of interference from the second DMRS port signal and, hence, the effective SINR for the RSRP estimation will be close to 0 disregards the actual SNR conditions and hence the accuracy of RSRP estimates will become lower.
Observation #2: If Rel-15 two-port PSSCH DMRS includes legacy DMRS sequence, Rel-14 UE PSSCH-RSRP accuracy will have at least 3 dB bias comparing to the ideal RSRP and the estimation accuracy will degrade due to presence of interference transmission.
In Figure 1 we illustrate the simulation results with the analysis of the PSSCH-RSRP estimation accuracy. The summary of simulation results is provided in Table 2. The following scenarios and assumptions are considered for the analysis:
· SNR = 0 / 5 / 10 dB
· Scenario 
· A: Single AP PSSCH DMRS transmission
· B: Two APs PSSCH DMRS transmission 

· CS based multiplexing
· 3 dB power reduction for each AP

· Rel-14 based PSSCH-RSRP estimation algorithm

· UE is aware on one of the DMRS port DMRS sequence and applies conventions RSRP estimation

· AWGN and EVA-1500Hz propagation conditions

· Ideal RSRP is the sum of ideal RSRP for each of the DMRS APs
· Detailed assumptions are provided in Table 1.
Table 1: Simulation assumptions for PSSCH-RSRP measurement accuracy

	Parameters
	Value
	Comments

	Frame structure type
	HD
	

	Measurement bandwidth for PSSCH-RSRP
	3 resource blocks
	Adjacent transmission

	System bandwidth
	50 resource blocks
	

	L1 measurement
	1 shot measurement 
	

	L3 filtering
	Disabled
	

	Transmit antenna
	1/2 depending on scenario
	

	Receive antennas
	2
	Note that the measured value shall not be lower than the corresponding value of any of the individual diversity branches.

	Propagation conditions
	AWGN, EVA-1500Hz
	

	CP length
	Normal
	

	Carrier frequency
	5.9GHz
	

	Carrier Frequency Offset 
	0
	

	PSSCH_Ec/Iot
	0 dB, 5 dB, 10 dB
	AWGN noise


	RSRP error CDF

	[image: image1.png]CDF

09

08

07

06

05

04

03

02

01

Worse

accuracy
!
1
1
L}
: '
L )
!l
|ll i
b lI i
!! )
L i' é SNR =0dB, Tx R14, Rx R14
l. i SN 5dB, Tx R14, Rx R14.
L l. i SNR=10dB, Tx R14, Rx R14
‘, ! = = =SNI dB, Tx R15 (SFBC), Rx R14
L Y " = = =SNR=5dB, TxR15 (SFBC), Rx R14
Py = = =SNR=10dB, Tx R15 (SFBC), Rx R14
4 7
-4 -3 -2 -1 0 1 2 3 4

RSRP error, dB





	[image: image2.png]CDF

03f gy SNR=00B, TxR14,RxR14
a SNR=5dB, TxR14, RxR14
02} at SNR=100B, TXR14, RxR14
4 - = =SNR=0dB, TxR15 (SFBC), RxR14
01 a - = =SNR=5dB, TxR15 (SFBC), RxR14
; - — = SNR=10dB, TxR15 (SFBC), Rx R14
0 £ )

5 4 3 2 A 0 1 2 3 4
RSRP error, dB



[image: image3.emf]-5 -4 -3 -2 -1 0 1 2 3 4 5

RSRP error, dB

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

EVA-1500 Hz

SNR = 0 dB, Tx R14, Rx R14

SNR = 5 dB, Tx R14, Rx R14

SNR = 10 dB, Tx R14, Rx R14

SNR = 0 dB, Tx R15 (SFBC), Rx R14

SNR = 5 dB, Tx R15 (SFBC), Rx R14

SNR = 10 dB, Tx R15 (SFBC), Rx R14



	Figure 1. PSSCH-RSRP estimation accuracy


Table 2. Summary PSSCH-RSRP accuracy simulation results.

	Channel model
	Scenario
	SNR, dB
	Delta PSSCH-RSRP, dB
	Absolute RSRP accuracy, dB
	Relative RSRP accuracy, dB

	
	
	
	5% CDF
	95% CDF
	
	

	AWGN
	Single port
	0
	0.02
	1.12
	1.12
	1.10

	
	
	5
	-0.08
	0.61
	0.61
	0.69

	
	
	10
	-0.08
	0.31
	0.31
	0.39

	
	Two port
	0
	-2.78
	-1.31
	2.78
	1.47

	
	
	5
	-3.05
	-2.10
	3.05
	0.95

	
	
	10
	-3.09
	-2.54
	3.09
	0.55

	EVA-1500Hz
	Single port
	0
	-0.44
	0.89
	0.89
	1.33

	
	
	5
	-0.42
	0.37
	0.42
	0.79

	
	
	10
	-0.36
	0.12
	0.36
	0.48

	
	Two port
	0
	-3.41
	-1.59
	3.41
	1.82

	
	
	5
	-3.45
	-2.37
	3.45
	1.08

	
	
	10
	-3.43
	-2.75
	3.43
	0.68


Observation #3: The simulation results prove that PSSCH-RSRP absolute and relative measurements accuracy performance for Rel-14 UEs in case of 2 transmit antennas Rel-14 PSSCH transmission derogates as compared with single transmit antenna. The 3 dB bias in RSRP estimate is observed due to power split among DMRS APs. Relative RSRP accuracy is also degraded due to difference in effective SINR side conditions.
Proposal #1:
Inform RAN1 on the negative impacts of non-transparent two-port transmit diversity schemes on the Rel-14 UEs PSSCH-RSRP estimation accuracy.
3. Conclusions

In this contribution, we provided analysis of V2X transmit diversity impact on the PSSCH-RSRP measurements accuracy of Rel-14 UEs. In summary, we make the following observations and proposals:

Observation #1: If Rel-15 two-port PSSCH DMRS does not include legacy DMRS sequence Rel-14 UE will fail to perform PSSCH-RSRP measurements
Observation #2: If Rel-15 two-port PSSCH DMRS includes legacy DMRS sequence, Rel-14 UE PSSCH-RSRP accuracy will have at least 3 dB bias comparing to the ideal RSRP and the estimation accuracy will degrade due to presence of interference transmission.
Observation #3: The simulation results prove that PSSCH-RSRP absolute and relative measurements accuracy performance for Rel-14 UEs in case of 2 transmit antennas Rel-14 PSSCH transmission derogates as compared with single transmit antenna. The 3 dB bias in RSRP estimate is observed due to power split among DMRS APs. Relative RSRP accuracy is also degraded due to difference in effective SINR side conditions.
Proposal #1:
Inform RAN1 on the negative impacts of non-transparent two-port transmit diversity schemes on the Rel-14 UEs PSSCH-RSRP estimation accuracy.
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