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Introduction
In V2X Phase 2 WID, one of the objectives is to study the feasibility and gain of PC5 operation with Transmit Diversity [1]:
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]
[bookmark: OLE_LINK9]At RAN1 #90 meeting, a work assumption was given as following [2]:
Working Assumption (may be revisited based on RAN4 response):
· 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
At RAN1 #90bis meeting, an agreement for PSCCH was achieved [3]:
Agreement
· For PSCCH, small delay CDD can be used on PSCCH
· FFS whether the cyclic delay value is specified or left for UE implementation
At RAN1 #91 meeting, the following was agreed [4]:
[bookmark: OLE_LINK8]Agreement
· Assuming the previous WA of introducing non-transparent transmit diversity is confirmed, for two-port non-transparent transmit diversity for PSSCH, downselect option 1 as WA among the following candidate schemes 
· Working assumption: Option 1: SFBC-based scheme (including PAPR preserving)
· FFS whether to apply slot-level PVS 
· Option 2: STBC-based (including half symbol)
Note: Companies are encouraged to perform evaluations for the above options
At RAN1 #92 meeting, the following was agreed [5]:
Conclusion
· There is not consensus to confirm the working assumption to adopt non-transparent tx diversity, due to concerns on the impact on Rel-14 UEs with IRC receivers
· Can consider further at RAN1#92bis whether the same SD-CDD scheme as PSCCH can be applied to PSSCH. 
· FFS whether there is any spec impact (e.g. depending on choice of delay value(s))
· Check CDD performance at different UE speeds
· Evaluations should use practical CFO estimation

In this contribution, firstly, the cyclic delay value of small delay (SD) CDD for PSCCH is discussed, then the impact on the specification for introducing SD-CDD for PSSCH is analysed. Comprehensive consideration of normative work and performance of introducing SD-CDD and some proposals are given.
The cyclic delay value of small delay CDD for PSCCH
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]It is agreed at RAN1 #90bis that a transparent transmit diversity scheme, small delay CDD can be used on PSCCH, which means the receiver does not need to know anything about a ‘multi-antenna’ scheme used at the transmitter. This scheme allows transmit diversity to be obtained by applying a cyclic delay to the transmitted signal. Considering the V2X communication scenarios, such as freeway, urban scenarios with various speeds, small delay CDD for PSCCH should go well for all of these scenarios. In order to achieve this goal, a range of cyclic delay values may be compatible for these scenarios. Fortunately, an advantage of small delay CDD is that this scheme is transparent to the receiver. So, the cyclic delay value can be left to UE implementation.
Proposal 1: The cyclic delay value of SD-CDD for PSCCH can be left for UE implementation.
Candidate transmit diversity scheme for PSSCH
After a long debate at RAN1#92 meeting, it was concluded that at RAN1#92bis we can consider further whether the same small delay cyclic delay diversity (SD-CDD) scheme as PSCCH can be applied to PSSCH. The SD-CDD scheme can be implemented by adding cyclic delay at antenna ports, as shown in Figure 1 (a). Each antenna port can be seen as a separated ray in space. This scheme is transparent for legacy UEs, and a small amount of normative work should be needed.


(a) Small Delay CDD
[bookmark: _Ref478160956]Figure 1: Candidate TX Diversity Schemes for PSSCH
At RAN1#92 meeting, it was also concluded that there is not consensus to confirm the working assumption to adopt non-transparent transmit diversity, due to concerns on the impact on Rel-14 UEs with IRC receivers. However, we would like to elaborate on the fact that the non-transparent transmit diversity scheme, space frequency block codes (SFBC) encoding is performed over adjacent sub-carriers, as shown in Figure 2 and this scheme have been shown in simulations results to has higher CM statistics (e.g., up to 0.5dB higher) than SD-CDD [6].


Figure 2: Non-transparent transmit diversity scheme SFBC
Impact on specification 
Impact by SD-CDD
[bookmark: OLE_LINK12]Assuming SD-CDD is used as the transmit diversity scheme of PSSCH, the only impact on specification is whether to specific the cyclic delay value or leave it for UE implementation. 
Based on the same concern as with PSCCH and considering all of the V2X communication scenarios, such as freeway, urban scenarios with various speeds, the cyclic delay values may be various depending on the V2X communication scenarios. Fortunately, SD-CDD is transparent to the receiver. So, the cyclic delay value can be left for UE implementation, meaning do not specify cyclic delay values.
Proposal 2: Assuming SD-CDD is applied, the cyclic delay value of SD-CDD for PSSCH can be left for UE implementation.
SD-CDD performance at different speed
From the simulation results in [7], the performance of the transparent transmit diversity SD-CDD scheme is evaluated in various speed cases of 140km/h, 60km/h, and 15km/h and compared to other transmit diversity schemes. As a comparison of performance, the results showed that the performance of SD-CDD have certain gain in some low speed cases compared to legacy Rel-14. More details on the analysis is provided in Table 1. 
Table 1: The SD-CDD performance
	Candidate TxD schemes for PSSCH
	Performance

	Impact on Rel-14
	Impact on spec

	SD-CDD
	· For low mobility scenario, the relative gain from using SD-CDD is 2dB
· For high mobility scenario, the relative gain from using SD-CDD is 1dB
	No
	Small amount of normative work



Observation 1: The performance of SD-CDD have certain gain in some low speed cases compared to legacy Rel-14.
Based on the analysis provided in this contribution, we clearly see the benefit of using the same SD-CDD scheme as PSCCH to be applied to PSSCH. 
Proposal 3: The same SD-CDD scheme as PSCCH can be applied to PSSCH. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
In this paper, the cyclic delay value of small delay CDD for PSCCH is discussed, the candidate TxD scheme for PSSCH is analysed, and the following observation and proposals are given:
Proposal 1: The cyclic delay value of SD-CDD for PSCCH can be left for UE implementation.
Proposal 2: The cyclic delay value of SD-CDD for PSSCH can be left for UE implementation.
Observation 1: The performance of SD-CDD have significant gain in various speed cases compared to legacy Rel-14.
Proposal 3: The same SD-CDD scheme as PSCCH can be applied to PSSCH. 
References
1. [bookmark: _Ref478083160]RP-170798, “New WID on 3GPP V2X Phase 2”, RAN #75, March, 2017, Huawei, CATT, LG Electronics, HiSilicon, China Unicom
1. 3GPP RAN1 Chairman’s Notes, RAN1 #90, Aug. 2017, 3GPP.
1. 3GPP RAN1 Chairman’s Notes, RAN1 #90bis, Oct. 2017, 3GPP.
1. 3GPP RAN1 Chairman’s Notes, RAN1 #91, Nov. 2017, 3GPP.
1. 3GPP RAN1 Chairman’s Notes, RAN1 #92, Feb. 2018, 3GPP.
1. R1-1801310, “LS reply on Transmit diversity impact on V2X PC5”, RAN WG4
1. R1-1803893, “Evaluations results of TxD”, ZTE




oleObject1.bin
�

DFT


IFFT


s1


s2


s3


s4


CDD


Ant1


Ant2


Encoded data



image2.emf
DFT

IFFT

s1

s2

s3

s4

Ant1

Ant2

SFBC

IFFT

s1

-

s2

*

s3

-

s4

*

s2

s1

*

s4

s3

*

Encoded 

data


oleObject2.bin
�

DFT


IFFT


s1


s2


s3


s4


SFBC


IFFT


Ant1


Ant2


s1


-s2*


s3


-s4*


s2


s1*


s4


s3*


Encoded data



image1.emf
DFT

IFFT

CDD

Ant1

Ant2

Encoded 

data

s1

s2

s3

s4


