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1. Introduction
In the RAN1#88bis meeting, evaluation methodology for V2X sidelink transmission diversity was discussed with following agreements for PSSCH and PSCCH [1]:
Agreement:
· At least the following candidate TxD schemes for PSSCH transmission to be evaluated:
· Small delay CDD

· STBC (including half symbol STBC proposal in R1-1705002)
· SFBC

· PVS in time domain
Note: other schemes are not precluded

Agreement:
· At least the following candidate TxD schemes for PSCCH transmission to be evaluated:

· Small delay CDD
· Note: other schemes are not precluded provided that they fulfil objective 2 of the WID
In the last RAN1 meeting, transmission diversity was discussed further with the agreement as below [2]:

Agreement: 

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

 In this contribution, we will give our views on the gain and feasibility of sidelink transmission diversity schemes.
2. Discussion
Rel-15 V2X UE is required to co-exist in the same resource pool with Rel-14 V2X UEs[3], hence PSCCH of Rel-15 UE has to be decodable for Rel-14 UE. To serve this target, one agreement was made last meeting to restrict that no TxD or only transparent TxD scheme (e.g. small delay CDD) can be used for PSCCH. Since transparent TxD scheme has no specification impact, how to implement this can be left to UE implementation. 

Gain of TxD for PSSCH

As to PSSCH, in additional to small delay CDD, there are 3 more candidate TxD solutions (i.e. PVS, STBC, and SFBC) on the table. According to the evaluation results from companies[4~10] , we can have following observations:

· Small delay CDD: having little gain over single antenna, especially at high speed; 

· PVS: having performance gain over single-port transmission, however worse than SFBC and STBC;
· STBC: performance is similar as SFBC at low speed, worse than SFBC  at high speed;
· SFBC: best performance among all candidate solutions (about 2dB gains over single antenna);
Note that the multiple TxD schemes above can be combined (e.g. SFBC and PVS) to further improve the performance [11].

Observation1: 
· The link level performance of PSSCH can be improved considerably if TxD is used;

· Gains of non-transparent TxD schemes (e.g. SFBC and STBC) are much larger than transparent TxD scheme (e.g. small-delay CDD).

Impact of TxD on Rel-14 UE
 If TxD scheme(s) other than small delay CDD (e.g. SFBC or STBC is used) is used for PSSCH, multiple DMRS antenna ports are needed for Rel-15 UE. In case of TxD schemes with two-antenna ports DMRS, the DMRS from different antenna ports can be multiplexed with either CDM manner, FDM manner or TDM manner [11]. Regardless of which manner is used, Rel-14 mode 4 UE can only measure DMRS from one antenna port or mistake all DMRS as one antenna port, this can affect the PSSCH-RSRP measurement accuracy potentially. E.g. for CDM manner, Rel-14 mode 4 UE can only measure DMRS from one antenna port, the measured PSSCH-RSRP value tends to be 3dB lower than one antenna transmission due to the power normalization. As a result, for a given PSSCH PPPP value, resources reserved by UE with TxD are more likely to be selected by Rel-14 mode 4 UEs. 
In one possible PSSCH-RSRP measurement scheme by Rel-14 UE, PSSCH-RSRP is first measured per DMRS symbol and then averaged over the 4 DMRS symbols in a subframe. In such a scheme, OCC dimension for DMRS sequence differentiation is neglected completely in PSSCH-RSRP measurement. Assuming the two DMRS ports of a Rel-15 UE with TxD have the same cyclic shift but with different OCC, the measured PSSCH-RSRP by a Rel-14 UE will be same as if only one DMRS port is transmitted by the Rel-15 UE. Therefore, the measured PSSCH-RSRP actually reflects the mutual interference between the two UEs. However, above benefit is a consequence of an assumption that Rel-14 UE does not consider OCC when measuring PSSCH-RSRP. 

However, how much performance degradation for TxD UE caused by this issue depends on the percentage of Rel-14 UEs in the mode 4 resource pool. Since resource selection for mode 3 UE is not based on RSRP-measurement, Rel-15 UE with TxD has no impact on Rel-14 mode 3 UEs.

Observation2: 

· In case of multiple antenna ports are used for PSSCH of Rel-15 UE, Rel-15 mode 4 UE may be impacted in case of the percentage of Rel-14 mode 4 UE in the resource pool is high, but there is no impact on mode 3 operation.
Impact of TxD on Rel-15 UE
In case of shared resource pool between Rel-14 and Rel-15 UEs, Rel-15 sensing UE can detect PSSCH with or without TxD, and PSSCH-RSRP of PSSCH with 2 antenna ports TxD may have 3dB degradation. To ensure the fairness between UE with and without TxD, the Rel-15 sensing UE should compensate the PSSCH-RSRP of PSSCH with TxD before comparing it with corresponding PSSCH-RSRP threshold for resource exclusion. Furthermore, in case of TxD schemes with non-transparent DMRS are used for PSSCH, Rel-15 UE also need to know if TxD is used for support of PSSCH decoding. Hence, UE with TxD is supposed to be distinguishable for Rel-15 UEs. 
SCI format for Rel-15 should be identical as SCI 1 defined in Rel-14. There are at least 7 reserved bits in Rel-14 SCI 1 and all of the bits are set to zero. Furthermore, Rel-14 UE is not allowed to use these bits as virtual CRC. Hence, it is possible to use one or some of the reserved bits to indicate TxD or non-TxD.

Observation 3: 
· Rel-15 UE is capable to avoid the impact introduced by DMRS for TxD if UE with TxD is distinguishable.

In view of above, it is beneficial to support one or multiple TxD schemes with non-transparent DMRS for PSSCH to improve the performance of sidelink V2X communication. 
Proposal 1: Two antenna ports transmit diversity scheme is supported for PSSCH transmission in rel15.

· Consider supporting SFBC or STBC for PSSCH and on top of SFBC/STBC, slot-level PVS is supported for more transmit diversity gain.
3. Conclusion
In this contribution we discussed the gains and potential impact of candidate TxD schemes, we have following observations and proposal: 
Observation1: 

· The link level performance of PSSCH can be improved considerably if TxD is used;

· Gains of non-transparent TxD schemes (e.g. SFBC, STBC) are much larger than transparent TxD scheme (e.g. small-delay CDD).

Observation2: 

· In case of multiple antenna ports are used for PSSCH of Rel-15 UE, Rel-15 mode 4 UE may be impacted in case of the percentage of Rel-14 mode 4 UE in the resource pool is high, but there is no impact on mode 3 operation.
Observation 3: 
· Rel-15 UE is capable to avoid the impact introduced by DMRS for TxD if UE with TxD is distinguishable.

Proposal 1: Two antenna ports transmit diversity scheme is supported for PSSCH transmission in rel15.

· Consider supporting SFBC or STBC for PSSCH and on top of SFBC/STBC, slot-level PVS is supported for more transmit diversity gain.
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