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Introduction
In 3GPP TSG RAN Meeting #75, the WI on 3GPP V2X phase 2 was endorsed with one of objectives related to RAN1as below [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]



In RAN1 #90, the following working assumption on transmit diversity was made[2]:
	· For designing PSSCH, RAN1 assumes the use of two-port non-transparent transmit diversity
· The use of non-transparent transmit diversity is configured. 
· Details, including diversity scheme, are FFS
· Support of transmission and/or reception up to UE capability
· Note: It is RAN1 understanding that requirements on capabilities can be set at regional level and are outside 3GPP scope
· Send LS to RAN4 to ask their opinion about when non-transparent scheme for transmit diversity is used by Rel-15 UEs:
· Impact on Rel-14 UEs of PSSCH-RSRP measurement accuracy
· MPR for Rel-15 UEs
· Non-transparent Transmit diversity is not used in the following cases:
· When communicating with Rel-14 UEs
· When there is a high probability of resource collision with Rel-14 UEs
· Note: Some companies observe that the performance of MMSE-IRC receiver degrades when a non-transparent Transmit diversity scheme is used in interference limited scenarios with a dominant interferer



In RAN1#90bis, the following agreement was made [3]
	Agreement:
· For PSCCH, small delay CDD can be used on PSCCH
· FFS whether the cyclic delay value is specified or left for UE implementation



In this contribution, we present our views on the transmit diversity transmission scheme and DMRS design for PSSCH channel. This contribution is revised from R1-1717557.
Transmission schemes for PSSCH 
There exist two categories of candidate transmit diversity schemes applicable to PSSCH channel. The first category is schemes transparent to the specification. The characteristic of transparent schemes is that the DMRS definition in PSSCH has no change and the RE mapping in PSSCH has no change. Examples of transparent schemes can be small delay CDD (cyclic delay diversity) and pre-coder vector switching across subframes. Those schemes can be considered as UE’s implementation issue and do not need specification support. However, the diversity gain provided by those schemes are limited. The second category is schemes non-transparent to the specification. The data payload in PSSCH transmitted from Rel-15 UE does not always need to be decodable by Rel-14 UEs. So advanced transmission scheme with potential larger diversity gain can be considered here to boost the reliability of V2X transmission targeting only Rel-15 receivers. As we know, the reliability is one of the most important performance requirement for V2X connection. 
Proposal 1: To confirm the working assumption of use of two-port non-transparent transmit diversity for PSSCH made in RAN1#90.
In the following sections, some non-transparent transmission schemes are going to be discussed and analysed.
One candidate scheme is time-domain pre-coder vector switching (PVS). Different pre-coder can be applied to two different slots in one subframe, as shown in Figure 1. Pre-coder #0 is applied to data symbols and DMRS symbols in the first slot and pre-coder #1 is applied to data symbols and DMRS symbols in the second slot. The DMRS definition needs no change. We only need to configure the Rel-15 UE to only use those two DMRS symbols within each slot to estimate the channel and then equalize the data within each slot. Since there is no CSI feedback, one choice for the pre-coders can be oversampled DFT vectors.
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Figure 1
Another candidate scheme is two-antenna port Alamouti scheme. One Alamouti scheme is STBC. A design example is shown in Figure 2. The symbol #0 is used for AGC. The distortion on symbol #0 would impair the STBC orthogonality between symbol #0 and #1 if they are used as STBC pair. In the design example of Figure 2, on symbol #0, only the first antenna port is mapped to symbol #0. Two antenna ports are mapped for STBC on the symbol pairs {1,3},{4,6},{7,9} and {10,12}. STBC does not increase the PAPR but it could suffer from the channel variation between two symbols. Another Alamouti scheme is SFBC. The SFBC mapping of two antenna ports are applied to every two adjacent subcarriers on each data symbol. SFBC mapping to adjacent subcarriers can increase the PAPR. One solution to preserve the PAPR is to map SFBC to non-adjacent subcarriers. However, mapping to non-adjacent subcarriers would introduce more channel variation.
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Figure 2
Another candidate scheme can be the combination of time-domain pre-coder vector switching and two antenna port STBC (or SFBC). A design example is shown in Figure 3. In example of (a), Two-antenna port STBC and pre-coder vector switching across slots is applied. Pre-coder #0 is applied to the data and DMRS symbols of the first antenna port in the first slot. Pre-coder #1 is applied to the data and DMRS symbols of the first antenna port in the second slot. Pre-coder #2 is applied to the data and DMRS symbols of the second antenna port in the first slot. Pre-coder #3 is applied to the data and DMRS symbols of the second antenna port in the second slot. In example of (b), two-antenna port SFBC is applied on each data symbol and the pre-coder vector switching across slots is applied to both antenna ports.   
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(a)
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(b)
Figure 3
STBC and SFBC scheme can achieve full diversity of two transmit antennas. When the UE has more than two antennas, 2-antenna port STBC and SFBC cannot fully utilize the transmit diversity. Combining with slot level pre-coder vector switching (PVS) is a good method to explore more diversity gain for vehicles equipped with more than 2 antennas. In our view, the following benefit and advantages of combining slot-level PVS and STBC/SFBC can be observed:
1) Extra transmit diversity gain over STBC and SFBC, especially when the UE is equipped with more than two transmit antennas, which is expected to be normal case for vehicle UEs.
2) It does not need to introduce any extra antenna ports. That two antenna ports defined for STBC or SFBC are sufficient. 
3) The spec impact is minimal. The only spec impact is to ask the receiver UE to only use two DMRS symbols within one slot to estimate the channel for the slot. 
Our companion contribution [4] shows that adding a slot-level PVS on top of SFBC provides better performance than SFBC alone in the systems with more than 2 Tx antennas. Please refer to [3] for more details on evaluation results. Therefore, we make the following proposals:
Proposal 2: Consider the following transmit diversity scheme for PSSCH:
· Slot-level PVS + 2-port STBC or SFBC 
Two-port DMRS design
To support 2-antenna port transmit diversity scheme, we need two-antenna port DMRS transmission. A few design alternatives for 2-antenna port DMRS are discussed in this section.
Design Alt#1 is to use DMRS sequences with different cyclic shift and/or OCC for antenna port 0 and 1. As shown in Figure 4, the DMRS sequence for both antenna ports are mapped to all the DMRS symbols {2, 5, 8, 11} defined in Rel-14. The DMRS sequence defined in Rel-14 is used as the DMRS sequence for antenna port 0. On each symbol, different cyclic shift and/or OCC is used for antenna port 1. 
[image: ]
Figure 4


Cyclic shift and OCC of DMRS of a PSSCH are randomized by the CRC of the PSSCH. That is, the DMRS sequences from nearby UEs may be differentiated by cyclic shift only, OCC only or cyclic shift & OCC. As the receiver side, to accurately estimate channel of an antenna port, the receiver must do dispreading on both cyclic shift and OCC. According to Alt#1, denote the normalized channel response of antenna port 0 as h0, assuming the channel is not varied in a slot for simplicity, the normalized RSRP of antenna port 0 is . The RSRP reduction is aligned with common understanding since RSRP of antenna port 1 is not collected. Another way for DMRS is to map Rel-14 DMRS sequences to the two antenna ports alternately. That is, Rel-14 DMRS sequence is mapped to symbol 2 of antenna port 0, symbol 5 of antenna port 1, symbol 8 of antenna port 0，symbol 11 of antenna port 1. However, such mapping results in further 3dB RSRP loss measured by Rel-14 UEs. Denote the normalized channel response of antenna port 1 as h1, assuming the channel is not varied in a slot for simplicity, the normalized RSRP of antenna port 0 is .
Design Alt#2 is to use comb structure for two antenna ports, as shown in Figure 5. On each DMRS symbols {2, 5, 8, 11}, the DMRS sequence defined in Rel-14 is mapped. To support two antenna ports, all the even-numbered REs are mapped to antenna port 0 and all the odd-numbered REs are mapped to antenna port 1.
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Figure 5
Proposal 3: Consider to support 2-antenna port DMRS design for PSSCH to support transmit diversity: FDM or CDM
Conclusions
In this contribution, we presented our views on the transmission schemes and DMRS design for PSSCH channel and the following proposals are made:
Proposal 1: To confirm the working assumption of use of two-port non-transparent transmit diversity for PSSCH made in RAN1#90.
Proposal 2: Consider the following transmit diversity scheme for PSSCH:
· Slot-level PVS + 2-port STBC or SFBC  
Proposal 3: Consider to support 2-antenna port DMRS design for PSSCH to support transmit diversity: FDM or CDM.
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