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Introduction
In RAN #75 meeting, the WID 3GPP V2X phase 2 is agreed with following objectives [1]:
	The detailed objectives of this work item are as follows:
1. [bookmark: _GoBack]Specify solutions for the following PC5 functionalities, which can 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: [RAN1, RAN2, RAN4]
a) Carrier aggregation (up to 8 PC5 carriers);
b) 64QAM;
c) Reduce the maximum time between packet arrival at Layer 1 and resource selected for transmission;
d) Radio resource pool sharing between UEs using mode 3 and UEs using mode 4;
2. 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]
3. Study the feasibility and gain of PC5 operation with Short TTI, assuming this PC5 functionality would co-exist in the same resource pools as Rel-14 functionality with and without using the same scheduling assignment format, and provide RAN1 observations and recommendations to RAN by RAN#77. [RAN1, RAN2] 
a) A following decision for normative work is up to consensus at RAN.
4. Specify necessary RF requirements for the specified PC5 functionalities in Band 47, where not covered by the Rel-15 work item “V2X new band combinations for LTE”. [RAN4]
5. Specify necessary RRM core requirements. [RAN4]
In this work item, no new numerology, waveform, and channel coding will be considered.
Based on the feedback from SA2 on LS “Support of Unicast and Groupcast transmission over PC5 for eV2X”, the scope of this work item may be further updated.



In this contribution, we will discuss the potential Tx diversity schemes in PC5, and provide the analysis on the related evaluation assumptions.
Discussion
According to the 22.886, the advanced V2X service requires higher reliability and larger communication range in a lot of use cases. All these requirements need physical layer enhancements. Tx diversity can provide gain on transmission reliability and potentially enlarge the communication range. 
According to the scope in 3GPP V2X phase 2, if Tx diversity is employed in data transmission, the data resource used for Tx diversity should be sensed by legacy UE, and then legacy UE can avoid resource collision. Therefore, with compatible SA format, in order to facilitate the DMRS RSRP measurements in data resource, it also requires that the Rel-15 V2X UE shall transmit compatible DMRS sequence in same DMRS symbol even for the Tx diversity transmission,
Furthermore, the design of Tx diversity should avoid incensement of PAPR, which will incur transmission power backoff and sacrifice the gain in link level.  
In the following sections, we will provide a brief overview of candidate Tx diversity schemes for PC5 which can keep single-carrier property at each transmit antenna. 
Two DMRS antenna ports Tx diversity schemes in PC5
Before the details of Tx diversity schemes, the DMRS antenna ports shall be discussed firstly. The two DMRS antenna ports can be constructed by following methods:
· Option 1: FDM manner, as shown in Figure 1, the REs for different DMRS antenna ports are alternated per RE.
· Option 2: CDM manner, as shown in Figure 2, the different DMRS sequences are mapped on same REs, which can be differed by different DMRS cyclic shift, 
Both options can provide single carrier property in DMRS symbols. Option 1 can provide better channel estimation than option 1, but the DMRS RSRP of option 2 can measured by legacy UE in sensing procedure, for example, one of the DMRS antenna ports selects the same DMRS sequence as the legacy DMRS sequence, even there is 3dB deviation.
Proposal 1: Two DMRS antenna ports construction methods need further evaluations. CDM manner is slightly preferred, since its DMRS RSRP can be measured by legacy UE. 



Figure 1: FDM manner DMRS antenna ports



Figure 2: CDM manner DMRS antenna ports
Base on the two DMRS antenna ports, two candidate Tx diversity schemes are provided as following
· Scheme 1: STBC Tx diversity in PC5, as shown in Figure 3
The symbols sent from two antennas over two paired SC-FDM symbols form an orthogonal Alamouti code. STBC requires even number of OFDM symbols, which can obtain full diversity gain.
However, with the consideration of AGC and GP impacts in V2X subframe, there may be at least one orphan symbols which is shown in Figure 4. The orphan symbols can be transmitted in single antenna transmission or alternated in two antenna ports. Furthermore, STBC requires flat channel in the paired symbols, if the channel is varied severely, the diversity gain will be degraded. 
 


Figure 3: STBC Tx diversity



Figure 4: STBC symbols pairing in V2X subframe

· Scheme 2: Cyclic Delay Diversity(CDD), as shown in Figure 5
It is known that CDD provides good diversity performance when the phase is rotated by more than one period within the transmission bandwidth. In other words, large delay is preferred to obtain the diversity gain.  However, the rotation of signal phase in antenna 2 may destroy the single-carrier property in antenna 2. 




Figure 5: CDD scheme
Single DMRS antenna port Tx diversity scheme in PC5
In single DMRS antenna port, the Tx diversity gain can be obtained through symbol level precoding, as shown in Figure 6. A V2X normal subframe can be split into four sub-blocks, each sub-block has one DMRS symbol. Then each sub-block can be precoded by different precoding vector to obtain diversity gain. In this Tx scheme, the DMRS RSRP measurements of legacy UE can also be performed, although there is some impairment due to the precoding vector, but this is the real interference level which project to the legacy UE. 


Figure 6: Sub-block precoding
Proposal 2: The following candidates Tx diversity schemes need further evaluation:
· STBC diversity scheme
· CDD diversity scheme
· Sub-block precoding scheme
Link level evaluation assumptions about Tx diversity
In order to evaluate the performance of different Tx diversity schemes and show the link level gain compared with legacy single antenna transmission, the link level evaluation assumptions are discussed. The initial idea on the evaluation parameter and assumptions are shown in following Table 1:
Table 1: Evaluation assumptions for Tx diversity
	Parameters
	Value

	Carrier frequency
	6GHz

	Antenna number 
	2 x 2

	MIMO antenna correlation
	Low correlation matrix

	Channel model
	LOS/NLOS in V2V

	Vehicle speed
	60km/h, 100km/h, 250km/h

	MCS
	QPSK 1/2, 16QAM 1/2

	Payload size
	300 bytes



Proposal 3: The evaluation assumptions in Table 1 can be employed in the link level evaluation of Tx diversity schemes, and the detail values can be further discussion. 
Conclusion
In this contribution, the different Tx diversity schemes are discussed. Particularly, we have following proposal:
Proposal 1: Two DMRS antenna ports construction methods need further evaluations. CDM manner is slightly preferred, since its DMRS RSRP can be measured by legacy UE. 
Proposal 2: The following candidates Tx diversity schemes need further evaluation:
· STBC diversity scheme
· CDD diversity scheme
· Sub-block precoding scheme
Proposal 3: The evaluation assumptions in Table 1 can be employed in the link level evaluation of Tx diversity schemes, and the detail values can be further discussion. 
References
[1]. TR22.886 V15.1.0
[2]. RP-170798, New WID on 3GPP V2X Phase 2
image2.emf
V2X normal subframe(1ms)

V2X DMRS port 0

V2X DMRS port 1

Data Symbol


oleObject2.bin
V2X normal subframe(1ms)


V2X DMRS port 0


V2X DMRS port 1


Data Symbol



image3.emf
M-DFT

X1

X2

X3

X4

STBC

Ant1

Ant2

N-IFFT

N-IFFT M-DFT

Y1

Y2

Y3

Y4

Layer 1 

symbols

Layer 2 

symbols















1

1

j

j

X1

X2

X3

X4

Y1*

Y2*

Y3*

Y4*

-

X1*

-

X2*

-

X3*

-

X4*

Paired symbols

Y1

Y2

Y3

Y4


oleObject3.bin
M-DFT


X1


X2


X3


X4


STBC



Y1


Y2


Y3


Y4


Ant1


Ant2


N-IFFT


N-IFFT


M-DFT


Y1


Y2


Y3


Y4


Layer 1 symbols


Layer 2 symbols


X1


X2


X3


X4


Y1*


Y2*


Y3*


Y4*


-X1*


-X2*


-X3*


-X4*


Paired symbols



image4.emf
AG

C

V2X DMRS port 0

V2X DMRS port 1

Data Symbol

V2X normal subframe(1ms)

GP

Paired 

Symbols

Paired 

Symbols

Paired 

Symbols

Paired 

Symbols

Orphan 

Symbol


oleObject4.bin
AGC


V2X DMRS port 0


V2X DMRS port 1


Data Symbol


V2X normal subframe(1ms)


GP


Paired Symbols


Paired Symbols


Paired Symbols


Paired Symbols


Orphan Symbol



image5.emf
M-DFT

X1

X2

X3

X4

CDD

Ant1

Ant2

N-IFFT

N-IFFT

Input 

symbols

X1

X2

X3

X4

Exp(jd)*X1

Exp(2d)*X2

Exp(3d)*X3

Exp(4d)*X4


oleObject5.bin
M-DFT


X1


X2


X3


X4


CDD


Ant1


Ant2


N-IFFT


N-IFFT


Input symbols


X1


X2


X3


X4


Exp(jd)*X1


Exp(2d)*X2


Exp(3d)*X3


Exp(4d)*X4



image6.emf
DM

RS

DM

RS

DM

RS

DM

RS

First slot Second slot

V2X normal subframe(1ms)

Precoder 1 Precoder 2 Precoder 3 Precoder 4


oleObject6.bin
DMRS


DMRS


DMRS


DMRS


First slot


Second slot


V2X normal subframe(1ms)


Precoder 1


Precoder 2


Precoder 3


Precoder 4



image1.emf
V2X DMRS port 0

V2X DMRS port 1

Data Symbol

V2X normal subframe(1ms)


oleObject1.bin
V2X DMRS port 0


V2X DMRS port 1


Data Symbol


V2X normal subframe(1ms)



