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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].


The technical analysis of several candidate transmit diversity schemes is presented in our companion contribution [2]. The results of link and system level evaluations for identified candidate transmit diversity schemes are reported in [3]. In this contribution, we try to draw conclusions of our study on 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 UEs.
Our views on other V2V PC5 enhancements are provided in our companion contributions [4]-[11].
2 Discussion on Transmit Diversity

Noise limited scenario

In [2], we have described and identified a set of transmit diversity schemes that can be analysed for SC-FDMA waveforms. It should be noted that SC-FDMA waveform provides full frequency diversity within allocated spectrum resources. The diversity gains also come from V2V channel variation in time which is typical for vehicular scenarios. The additional diversity gain can be extracted from spatial domain. In R14 LTE-V2V technology, spatial diversity gains are achieved through utilization of multiple receive antennas. In general, spatial diversity can be also extracted from using multiple transmit antennas, however incremental benefits are expected to be somewhat limited that was confirmed by link level and system level evaluations in [3]. Analysing multiple candidate transmit diversity schemes, we noticed that noticeable gains are observed only for low speed environments (i.e. the case with reduced time diversity) and for high code rates.

Interference limited scenario
In interference limited scenario, the link and more importantly system level evaluation results depend on receiver type (MMSE-MRC or MMSE-IRC). Given that MMSE-MRC receiver does not have capabilities of spatial interference suppression its performance is not sensitive to physical structure of interferer signal (i.e. rank-1 or rank-N). This receiver treats interference as a white noise and only considers the power of interferer signal per receive antenna. Oppositely, MMSE-IRC receiver takes into account spatial properties of interferer signal and is able to suppress interference at some extent. This aspect was analysed in [3], where it was concluded that at least from the perspective of R14 receivers the non-transparent TxD schemes such as SFBC/STBC may cause significant degradation of R14 receivers in interference limited scenarios and that can lead to the overall system performance losses. The reason for that degradation is the rank-2 signal structure of non-transparent transmit diversity schemes which is even more difficult to suppress in case of limited number of transmit antennas especially in scenario when receiver is not aware about physical structure of interferer signal.
3 Summary of Evaluation Results
In this section, we provide summary based on current results of link level and system level evaluations. For more details, please refer to our companion contribution containing evaluation data [3]:
Outcome of link level analysis:

· It is rather challenging to extract additional gain from transmit diversity in V2V channel since multiple diversity mechanism (frequency, time and multiple receive antennas) are already utilized. Candidate TxD schemes provide somewhat noticeable performance improvement only in low-mobility scenario. Relative gains are higher for high order modulations / code rates. 
· Overall, SFBC TxD scheme shows the best BLER performance in noise limited scenario. In low mobility scenario, it has the same performance as STBC. In case of high mobility, STBC performance starts to degrade.

· Virtual Half Symbol STBC scheme suffer from ISI/ICI, especially noticeable for high data rates.

· The SFBC TxD has the worst CM statistic, although the difference is not that high ~ 0.7 dB and may not be noticeable assuming that TX power per antenna is scaled down by 3dB for 2 TX antenna case.

· Transparent TxD schemes based on cyclic delay diversity (CDD) provide performance gain and reduce the gap relative to non-transparent transmit diversity schemes (e.g. SFBC/STBC). The additional benefit of transparent schemes is that these schemes do not have impact on R14 UE interference mitigation capabilities.

· Non-transparent candidate TxD schemes (with multiple spatial layers) have significant impact on R14 demodulation performance substantially reducing its interference cancellation capabilities.
· MMSE-MRC receiver (agreed as a working assumption) has significant performance gap comparing to MMSE-IRC receiver in interference limited scenarios.
Outcome of system level analysis:

· Candidate TxD schemes provide somewhat limited performance gains at system level that can be explained by significant time diversity of V2V channel.

· MMSE-IRC receiver provides superior performance in V2V scenarios and should be used as a baseline to draw RAN1 conclusions on TxD schemes (feasibility and gain).
· Non-transparent TxD schemes (e.g. SFBC/STBC) have significant impact on demodulation performance of legacy UEs in interference limited scenarios.
4 Proposed Response to RAN Plenary on TxD Study

Based on analysis of the technical pros and cons and considering the potential impact on R14 UE performance, if non-transparent diversity schemes are introduced, we prefer to agree on transparent transmit diversity schemes. Therefore we propose to draft LS to RAN plenary and indicate that considering all technical aspects the benefits from introduction of non-transparent transmit diversity schemes are somewhat marginal in agreed noise limited scenarios while for the interference limited scenario non-transparent schemes may have significant performance impact on R14 UE demodulation performance.

Proposal 1
· Send LS to RAN plenary and inform about the following conclusions:
· RAN1 analyzed technical pros and cons and considered the potential impact on R14 UE performance, if non-transparent transmit diversity schemes are introduced. Considering all technical aspects, it is noticed that non-transparent transmit diversity schemes can provide somewhat marginal gains in noise limited scenarios. For interference limited scenario non-transparent transmit diversity schemes may have significant impact on R14 UE demodulation performance.
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