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Introduction

One of the objectives of the “V2X phase 2 based on LTE” work item [1] deals with Transmit Diversity:
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]

In this contribution we discuss conclusions from the study phase for this objective. Two companion papers discuss candidate transmit diversity schemes and associated DMRS [4] and present evaluation results [5].
We start by listing the relevant existing agreements.

At RAN1#88bis the following agreements were reached:

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


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:
· Applied method on “Orphan” symbol issue in STBC should be provided if STBC is applied
· Precoding details of PVS should be illustrated following with evaluation results
· When only one antenna port is applied, legacy DMRS pattern is reused.
· For the case that more than one antenna port is applied, the time location of DMRS is the same as Rel-14.
· Channel estimation and demodulation details should be provided by proponents
· There should be analysis on impact to Rel-14 UE provided following with evaluation assumption and link and/or system simulations, including interference increase of Rel-15 UEs over Rel-14 UEs 
· Details FFS 
Note: Legacy DMRS pattern includes Rel-14 DMRS time-frequency location, sequence, cyclic shift and single antenna port


At RAN1#89 the following agreements were reached:
Agreement: 
· Legacy Rel-14 DMRS pattern with single antenna port, including time-frequency location, sequence, and cyclic shift, is applied to PSCCH transmission.



Discussion 

Questions to be answered
In our view the following questions need to be answered:
1. Which transmit diversity scheme(s), if any, should be supported for PSCCH transmission?
2. Which transmit diversity scheme(s), if any, should be supported for PSSCH transmission?
3. If a transmit diversity scheme is supported for PSSCH then what shall be the design of the corresponding DMRS?


Transmit Diversity Scheme(s) for PSCCH
The objective in the WID includes the constraint that UEs making use of transmit diversity functionality be able to co-exist in the same resource pools with R14 UEs. This implies that at least in UE-autonomous resource allocation mode (sidelink transmission mode 4) SA transmitted using transmit diversity has to be decodable by R14 UEs. Hence only transparent transmit diversity schemes can be considered for PSCCH. 
The main scheme that has been studied for PSCCH is small-delay CDD (SD-CDD); evaluation results show that SD-CDD provides a modest diversity gain at low to medium relative velocities (e.g. [4]).

[bookmark: P_PSCCH]Proposal 1: Specify SD-CDD as transmit diversity scheme for PSCCH. 

Transmit Diversity Scheme(s) for PSSCH
In our companion contribution [4] we give an overview and assessment of the candidate schemes for PSSCH. In [5] we provide evaluation results for these candidate schemes. From these considerations and evaluation results we arrive at the following proposals:

[bookmark: P_PSSCH_SFBC]Proposal 2: Specify SFBC with mapping to adjacent subcarriers as a transmit diversity scheme for PSSCH. 

SFBC shows significant diversity gain and is robust at high relative velocities. Its potential downsides are a slightly higher CM/PAPR on the second antenna port, and its potential impact on R14 UEs with interference rejection receivers.

[bookmark: P_PSSCH_Comb]Proposal 3: If coexistence with R14 UEs using interference rejection receivers is required then consider specifying FSTD with dual DFT-precoding (Comb-Data diversity) as a transmit diversity scheme for PSSCH. 


DMRS associated with PSSCH
If PSSCH transmission uses a single antenna port (e.g. SD-CDD transmit diversity scheme) then according to the existing agreement the legacy DMRS design will be re-used.
If PSSCH transmission uses two antenna ports (e.g. SFBC or Comb-data diversity) then a new DMRS design is required. In our companion contribution [4] we discuss the DMRS design option. Based on that discussion we propose:
[bookmark: P_DMRS]Proposal 4: Both Comb FDM DMRS and CDM DMRS could be considered for two-antenna-port DMRS design. Due to the potential impact of CDM DMRS to sensing operations of Rel-14 UE, Comb FDM DMRS design is preferred. 



Conclusions
In this contribution we discussed conclusions from the study phase for the transmit diversity objective of the work item.
 
Proposal 1: Specify SD-CDD as transmit diversity scheme for PSCCH. 

Proposal 2: Specify SFBC with mapping to adjacent subcarriers as a transmit diversity scheme for PSSCH. 

Proposal 3: If coexistence with R14 UEs using interference rejection receivers is required then consider specifying FSTD with dual DFT-precoding (Comb-Data diversity) as a transmit diversity scheme for PSSCH. 

Proposal 4: Both Comb FDM DMRS and CDM DMRS could be considered for two-antenna-port DMRS design. Due to the potential impact of CDM DMRS to sensing operations of Rel-14 UE, Comb FDM DMRS design is preferred. 
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