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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At TSG RAN Meeting #75, the V2X phase 2 WI was approved with the following objective [1]:
2. 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 several possible Transmit Diversity schemes in terms of their benefits and impacts to R-14 UEs. 
Possible Transmit Diversity schemes
[bookmark: OLE_LINK20]Transmit Diversity schemes can be considered for both PSCCH and PSSCH. According to the WID [1], it is preferable that a Rel-14 UE is able to decode a PSCCH sent with Transmit Diversity. In addition, if PSSCH-RSRP on DMRS for PSSCH with Transmit Diversity can be accurately measured by Rel-14 UEs, there will be no impact on Rel-14 UE sensing-based resource selection. On the other hand, if PSSCH-RSRP on DMRS for PSSCH supporting Transmit Diversity cannot be accurately measured by Rel-14 UEs, performance degradation might be seen. Note however thatt high-energy resource reserved by Rel-15 UEs could be avoided by Rel-14 UEs based on S-RSSI measurements.
[bookmark: _Ref129681832]The following Transmit Diversity schemes can be potential candidates for both PSCCH and PSSCH and discussed one by one. 
· Cyclic-Delay Diversity (CDD)
· [bookmark: OLE_LINK16]Space-Frequency/Time Block Coding (SFBC/STBC)
· Precoding Vector Switching (PVS)
Cyclic-Delay Diversity
CDD  applies to both data and DMRS as described in Figure 1.


Figure 1. Block diagram for Cyclic-Delay Diversity.
Using 2 Tx antenna ports as an example, the received signal  on the kth subcarrier is
,
where  and  are the channel coefficients from  antenna port 1 and antenna port 2 for the kth subcarrier,  the cyclic delay phase shift for the kth subcarrier, and  the transmitted symbol on the kth subcarrier. If the delay spread of the equivalent channel is larger than CP length, the scheme is called large delay CDD, and small delay CDD otherwise.
PSCCH cannot be decoded by Rel-14 UEs in case of large delay CDD because of the mismatch of composite channel (2 antennas) on data and DMRS channel estimation (1 antenna). In addition, with large delay CDD, a UE receives a DMRS sequence with 2 different cyclic shifts. Since Rel-14 UEs are not aware of the cyclic-delay operation, only one of the DMRS sequence will measured for RSRP, therefore the measured PSSCH-RSRP will be off by about 3dB. Thus, large delay CDD does not appear very promising.
Small delay CDD is transparent for receiver and has no impact on SA decoding. Also, small delay CDD does not impact DMRS power measurements. 
Observation 1:
· With large delay CDD, PSCCH cannot be decoded by Rel-14 UEs because of inaccurate DMRS channel estimation, and PSSCH-RSRP cannot be accurately measured by Rel-14 UEs as well because only one antenna port power can be received.
· [bookmark: OLE_LINK27]Small delay CDD operation is transparent for a Rel-14 receiving UE. PSCCH can be decoded and PSSCH-RSRP can be accurately measured by Rel-14 UEs.
Space-Frequency/Time Block Coding
[bookmark: OLE_LINK17]With SFBC/STBC, a receiver estimates channels corresponding to each Tx antenna port and combines the received signals using the Alamouti scheme. SFBC/STBC scheme is illustrated in Figure 2.


Figure 2. Block diagram for Space-Frequency/Time Block Coding.
Taking 2 Tx antenna ports as an example, 2 REs are used to transmit data. The received signal over two consecutive subchannels is 
,
where  and  are the 2 Tx symbols at the corresponding antenna port, respectively. 
Antenna port #1 transmits the original symbols and antenna port #2 transmits their conjugate. In this case, for a Rel-14 UE, only half of the transmit power is received, and the other half power from antenna port #2 is viewed as interference. All these factors are likely to significantly degrade the SA decoding performance. 
When SFBC/STBC is used for PSSCH, 2 antenna ports may transmit different cyclic shifts of DMRS sequence, therefore PSSCH-RSRP cannot be measured accurately by Rel-14 UEs either.
Observation 2: With SFBC/STBC, PSCCH decoding performance of a Rel-14 UE will be significantly degraded and PSSCH-RSRP cannot be accurately measured by Rel-14 UEs as well because only one antenna port power is received Rel-14 UEs. 
Precoding Vector Switching
Time domain PVS 
For PSCCH, PVS could be done in time, on a slot-by-slot bases, with different precoding vectors used for the first slot and the second slot, therefore channel estimation by interpolation for symbols close to the slot boundaries will be mistaken by Rel-14 UEs due to the channel discontinuity. 
For PSSCH, time domain PVS does not impact DMRS design and the associated PSSCH-RSRP measurement. 
Observation 3:  With time domain PVS per slot, PSCCH channel estimation with symbol interpolation for symbols close to the slot boundaries will be erroneous for Rel-14 UEs due to channel discontinuity. PSSCH-RSRP can be measured accurately by Rel-14 UEs.
Frequency domain PVS
For PSCCH, PVS per subcarrier has no impact on SA decoding. However, for PSSCH, the artificially created channel discontinuity affects noise power estimation in the procedure of PSSCH-RSRP measurements. Therefore, PSSCH-RSRP cannot be accurately measured by Rel-14 UEs.
Observation 4: With frequency domain PVS per subcarrier, PSCCH can be decoded and PSSCH-RSRP cannot be accurately measured for Rel-14 UEs due to inaccurate noise power estimation.  
Conclusions
The impact on Rel-14 UEs of the possible Transmit Diversity schemes is summarized in Table 1. 
Table 1. Impact on Rel-14 UEs of the possible Transmit Diversity schemes
	
	Large delay CDD
	Small delay CDD
	SFBC/STBC
	PVS in time domain
	PVS in frequency domain

	PSCCH
decoding
	No
	Yes
	performance degradation
	No
	Yes

	PSSCH
RSRP measurement
	Not accurate
	accurate
	Not accurate
	accurate
	Not accurate




For supporting Transmit Diversity for R15 sidelink, our proposals and observations are as follows:
Observation 1:
· With large delay CDD, PSCCH cannot be decoded by Rel-14 UEs because of inaccurate DMRS channel estimation, and PSSCH-RSRP cannot be accurately measured by Rel-14 UEs as well because only one antenna port power can be received.
· Small delay CDD operation is transparent for a Rel-14 receiving UE. PSCCH can be decoded and PSSCH-RSRP can be accurately measured by Rel-14 UEs.
Observation 2: With SFBC/STBC, PSCCH decoding performance of a Rel-14 UE will be significantly degraded and PSSCH-RSRP cannot be accurately measured by Rel-14 UEs as well because only one antenna port power is received Rel-14 UEs. 
[bookmark: _GoBack]Observation 3:  With time domain PVS per slot, PSCCH channel estimation with symbol interpolation for symbols close to the slot boundaries will be erroneous for Rel-14 UEs due to channel discontinuity. PSSCH-RSRP can be measured accurately by Rel-14 UEs.
Observation 4: With frequency domain PVS per subcarrier, PSCCH can be decoded and PSSCH-RSRP cannot be accurately measured for Rel-14 UEs due to inaccurate noise power estimation.  
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