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1 Introduction

At the RAN#75, the work item on 3GPP phase-2 V2X evolution was approved. One of the main RAN1 WG objectives is to study the feasibility and gain of PC5 operation with Transmit Diversity [1]:
	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].


RAN1 and RAN4 WGs made extensive evaluations of various transmit diversity schemes [2]-[3]. Finally at RAN1#92, based on analysis of pros and cons of various options and considering impact on R14 UEs, it was concluded that there is no 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. As an alternative option it was proposed to discuss SD-CDD scheme for PSCCH and PSSCH channels.

In this contribution, we analyze design aspects to support SD-CDD for PSCCH and PSSCH. Our views on other design aspects are provided in [4]-[8].
2 Discussion on PSCCH & PSSCH Transmit Diversity

The effect of small cyclic delay is somewhat similar to multipath propagation with the only difference that paths are coming from different TX antennas which signals are cyclically delayed with respect to each other. The larger cyclic delay value make the effective channel more frequency selective that can adversely affect UE channel estimation and overall demodulation performance. In order to avoid detrimental effect on UE demodulation performance the maximum value of cyclic delay should be bounded by specification.
Proposal 1
· Maximum value of delay for PSCCH and PSSCH is limited by specification.
The maximum value for cyclic delay can be determined through link level analysis conducted by either RAN1 or RAN4 WGs. In general, RAN4 WG may be in a better position to make this study given that requirements on time alignment error across transmit antenna connectors are defined by RAN4 WG (4 Ts). In RAN1, we can assume ideal alignment across antennas for CDD evaluations. Our previous studies have shown that delay value can be bounded by approximately 16 Ts in order to avoid performance degradation.
Proposal 2
· Further discuss if the bound on delay value is determined by RAN1 or RAN4 WG.

· Do not consider delay values larger than 16 Ts.
PSCCH and PSSCH channels have different resource allocations in frequency domain. In general case, different cyclic delay values may be applied for PSCCH and PSSCH transmissions (e.g. depending on number of PRBs used for sidelink transmission). On the other hand if cyclic delay value is small it can be simply absorbed by CP and linear delay can be applied to the signals transmitted from different TX antennas. In this case, the same delay value will be applied to both PSCCH and PSSCH channel unless delay is separately applied to PSCCH and PSSCH before summation. This approach may be a simpler option from specification and UE implementation perspective. The alternative way is to support different cyclic delay values for PSCCH and PSSCH using more sophisticated baseband processing. It needs to be further discussed which approach is more beneficial. 
Proposal 3
· The actual delay value is autonomously controlled by UE for each transmission, subject to delay bound constraints.
· Further discuss the need to apply different cyclic delay values for PSCCH and PSSCH.

From physical layer perspective SD-CDD does not have an impact on the DMRS physical structure. For channel estimation, the same cyclic delay value should be applied for DMRS signals of a given physical channel. The R14 DMRS physical structure may be fully reused.
Proposal 4
· The Rel-14 DMRS generation procedure is reused for each sidelink channel (i.e. PSCCH / PSSCH).

3 Conclusions
In this contribution, we provided our views on support of transparent transmit diversity schemes for LTE V2V sidelink communication. In summary, we have following proposals:
Proposal 1
· Maximum value of delay for PSCCH and PSSCH is limited by specification.
Proposal 2
· Further discuss if the bound on delay value is determined by RAN1 or RAN4 WG.

· Do not consider delays larger than 16 Ts.
Proposal 3
· The actual delay value is autonomously controlled by UE for each transmission, subject to delay bound constraints.
· Further discuss the need to apply different cyclic delay values for PSCCH and PSSCH. 

Proposal 4
· The Rel-14 DMRS generation procedure is reused for each sidelink channel (i.e. PSCCH / PSSCH).
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