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1 Introduction

Guided by the 3GPP V2X Phase 2 WID, RAN1 has studied the performance benefits of PC5 operation with transmit diversity. Several techniques are still under consideration: SFBC, STBC, small-delay CDD and PVST. These techniques are described in our companion contribution [1]. In addition, transmit diversity has been evaluated for both PSCCH and PSSCH. The performance evaluation results for these two channels are shown in our companion contribution [2].
In this contribution, we discuss the evaluations done so far and recommend to standardize SFBC for PSSCH.
2 Discussion
In this section, we discuss what transmit diversity technique should be applied for both PSSCH and PSCCH.

2.1 PSSCH

For PSSCH, the following techniques were considered:

· Small delay CDD

· SFBC

· STBC

· PVST

These techniques are described in details in [1].

With PVST, there is an issue at the slot boundary, where the change in precoding coefficients creates an abrupt variation in the channel. This prevents the receiver to use interpolation over DMRS symbols. As a consequence, the performance of PVST, while slightly better than the single antenna case, is worse than CDD and SFBC/STBC. The only case where PVST has a performance no worse than CDD and SFBC/STBC is at very high speeds, where the channel variations are so fast that the PVST channel discontinuity at the bandwidth does not matter. For the other considered cases, PVST performance is barely better than the single antenna case. Consequently, we propose not to standardize PVST.

Proposal 1: PVST is not supported

We now focus on comparing SFBC, STBC and CDD. Table 1 summarizes the comparison between these techniques

Table 1. Comparison of the candidate techniques

	
	Pros
	Cons

	CDD
	Transparent
Limited standardization effort in RAN1

No CM increase
	Performance degradation for higher order modulation and higher speed
Reduces the maximum tolerable delay spread

	SFBC
	Best performance across the board
Limited standardization effort

Almost no degradation for legacy UEs
	Slight increase in CM

	STBC
	Good performance across the board
No CM increase

Almost no degradation for legacy UEs
	Orphan symbol problem
Performance decrease at high speed


All techniques work well when in the same pool as Rel-14 UEs, with no or minimal performance degradation for Rel-14 UEs. Thus, they are all suitable candidates.

CDD would require almost no work in RAN, but at relatively high speed, has a large performance degradation, and underperforms SFBC/STBC by about 2dB [2]. Given that Rel-15 V2X is standardized with advanced services in mind, and supports up to 64-QAM, this is too much of a limitation to support CDD only. In addition, the loss of protection in delay spread could be a problem for some applications.
SFBC and STBC have relatively similar performance. SFBC slightly outperforms STBC, at the cost of a slight increase in CM. On the other hand, STBC has the orphan symbol problem that, while not unsolvable, requires more standardization work and further evaluation. Overall, given that the V2X units are in-car units, the small increase in CM is not a significant issue. Thus, it is preferable to standardize SFBC. 

Proposal 2: RAN1 to standardize SFBC for PSSCH transmission

2.2 PSCCH
For PSCCH, the requirements are more stringent: Rel-14 UEs must be able to decode the Rel-15 SCI messages. In addition, at the last meeting, the following decision was taken:

· Legacy Rel-14 DMRS pattern with single antenna port, including time-frequency location, sequence, and cyclic shift, is applied to PSCCH transmission.

With that in mind, SFBC, STBC and PVST cannot be used. The only possible technique to apply is CDD. As shown in [2], the use of CDD on PSCCH is valuable. Thus, for the cases where the loss in delay spread protection is not an issue, it is valuable to use CDD.
Proposal 3: CDD can be used on the PSCCH

· Up to the UE implementation whether to use it or not

3 Conclusions
The contribution reviewed the progress of PC5 operation with transmit diversity. We propose the following:
Proposal 1: PVST is not supported

Proposal 2: RAN1 to standardize SFBC for PSSCH transmission

Proposal 3: CDD can be used on the PSCCH

· Up to the UE implementation whether to use it or not
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