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Introduction
RAN plenary #75 approved a work item [1] for 3GPP V2X Phase 2 to support advanced V2X services as identified in SA1 TR 22.886. The following topic is a part of the detailed objectives of this work item:
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 this work item, no new numerology, waveform, and channel coding will be considered.
Then, in RAN1#88bis, transmit diversity was discussed and candidate TxD schemes for PSSCH and PSCCH transmissions were agreed as follows [2].
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

Moreover, RAN1#88bis agreed on the following regarding DMRS design when transmit diversity is applied.
Agreement:
· For the design and feasibility of TxD schemes in Rel-15 PC5 operation, the CM increase per antenna over single antenna port transmission of Rel-14 is considered.
Agreement:
· 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
In this contribution we will discuss DMRS design for PSCCH and PSSCH transmissions when TxD is applied. Discussions on TxD schemes are presented in our company contribution [3].
DMRS design for PSCCH
As required by the WID described in Section 1, Rel-15 UEs using transmit diversity schemes should be able to co-exist in the same resource pools as Rel-14 UEs. One aspect implied by the requirement is that a Rel-15 UE uses the same SA format so that Rel-14 receivers can blindly decode it. Hence, legacy Rel-14 DMRS pattern with single antenna port, including time-frequency location, sequence, and cyclic shift, is applied to PSCCH transmission.
Proposal 1: 
· Legacy Rel-14 DMRS pattern with single antenna port, including time-frequency location, sequence, and cyclic shift, is applied to PSCCH transmission.
DMRS design for PSSCH 
In a companion paper [3] we discuss about different schemes options for PSSCH. In the following we discuss DMRS designs associated to different potential PSSCH Tx Schemes.
As agreed in RAN1#88bis, candidate TxD schemes for PSSCH transmission can be either one-port scheme, e.g., small delay CDD or PVS in time domain, or two-port scheme, e.g., STBC or SFBC. Hence, DMRS should be designed accordingly.
DMRS schemes for 1-port PSSCH Tx Schemes
For one-port PSSCH transmission including small delay CDD and PVS in time domain, the DMRS design is straightforward. As agreed in RAN1#88bis, for single antenna port, legacy Rel-14 DMRS pattern, including time-frequency location, sequence, and cyclic shift, is used.
DMRS schemes for 2-port PSSCH Tx Schemes
[bookmark: _GoBack]For two-port PSSCH transmission including STBC and SFBC, DMRS structure should be reconsidered since channels need to be estimated for the two antenna ports separately. In this regard, it has been agreed in RAN1#88bis that for the case that more than one antenna port is applied, the time location of DMRS is the same as Rel-14 [2]. In addition to the agreement, from our perspective, the DMRS design should fulfil the following three targets: 
· Target 1: A Rel-15 receiver is able to separate and estimate the channels from the two antenna ports respectively.
· Target 2: A Rel-14 receiver can still measure PSSCH-RSRP using DMRS without significant performance loss.
· Target 3: Low CM characteristics are maintained for transmitting DMRS symbols. 
Observation 1:
· For two-port PSSCH transmissions, DMRS design should fulfil the following three targets.
· Target 1: A Rel-15 receiver is able to separate and estimate the channels from the two antenna ports respectively.
· Target 2: A Rel-14 receiver can still measure PSSCH-RSRP using DMRS without significant performance loss.
· Target 3: Low CM characteristics are maintained for transmitting DMRS symbols. 
In the following, we will present two DMRS options for two-port PSSCH transmission with TxD, which can satisfy the above three targets.
Option 1: one legacy Rel-14 DMRS sequence is split into two parts that are transmitted through two antenna ports in a comb manner.
In this option, the generation of a DMRS sequence, including sequence length, cyclic shift, etc., is done in the same way as in Rel-14. However, the mapping of the DMRS sequence to frequency-domain RBs within the DMRS OFDM symbol is done differently from that in Rel-14. Specifically, the DMRS sequence is split into two parts and the two parts are transmitted through the two antenna ports in a comb manner. Assume a PSSCH transmission occupies M REs within one OFDM symbol, and the legacy Rel-14 DMRS sequence is denoted as . Then, for Rel-15 PSSCH transmissions, 
· from the first antenna port, the DMRS sequence  is transmitted;
· from the second antenna port, the DMRS sequence  is transmitted.
Option 1 is illustrated in Figure 1.
With option 1, the channels from the two antenna ports can be estimated separately by a Rel-15 receiver due to the comb structure of DMRS. Besides, a Rel-14 receiver can still measure PSSCH-RSRP using the legacy procedure, where the effects of the new DMRS structure can be considered as adding frequency selectivity to the channels. Furthermore, the CM increase per antenna is small compared to Rel-14, i.e., less than 1 dB in most scenarios, where the CM evaluation results are given in Figures 1-2.
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Figure 1. DMRS option 1 for two-port PSSCH transmission

Option 2: two DMRS sequences with different lengths are transmitted through two antenna ports, where REs allocated to the two DMRS sequences are partially overlapped. Moreover, the first DMRS sequence is the same as a legacy Rel-14 DMRS, while the second DMRS sequence with half the length of the first sequence is specifically designed based on the first DMRS sequence.
In this option, the DMRS sequence for the first antenna port is generated in the same way as that in legacy Rel-14. On the other hand, the DMRS sequence for the second antenna port is half-length of the first-port DMRS sequence and is generated according to some specifically designed rules. Assume a PSSCH transmission occupies M REs within one OFDM symbol, and the legacy Rel-14 DMRS sequence is denoted as . Then, for Rel-15 PSSCH transmissions, 
· from the first antenna port, the DMRS sequence  is transmitted;
· from the second antenna port, the DMRS sequence  is transmitted, where   is a Zadoff-Chu sequence (or extended Zadoff-Chu sequence) with length M/2 (for M large enough). The selection of  depends on  used for the first antenna port, where the goal is to select  such that the cross-correlation between  and   is as high as possible. In this way, the performance loss of PSSCH-RSRP measurement will be compensated. The exact relationship between  and   is for further study.
Option 2 is illustrated in Figure 2 for one DMRS symbol.
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Figure 1. DMRS option 2 for two-port PSSCH transmission
With option 2, the channels from the two antenna ports can be estimated separately by a Rel-15 receiver. In addition, a Rel-14 receiver can still measure PSSCH-RSRP using the legacy procedure without much performance loss. This is because of the following two reasons: 1) the first-port DMRS sequence is the same with a legacy Rel-14 DMRS sequence, which means ideal correlation coefficients can be achieved when measuring RSRP at a Rel-14 receiver but with less energy due to the halved transmit power at Tx antenna 1; 2) the second-port DMRS sequence is generated in a way such that the cross-correlation between  and   is as high as possible, which means the DMRS transmitted from the second port can also contribute to the RSRP measurement. Furthermore, in option 2, CM of the first antenna will be kept the same with that in Rel-14, while CM increase of the second antenna is negligible as illustrated by simulation results given in Figure 1 and Figure 2.
To evaluate CM properties of different DRMS structures, we simulate CM for DMRS symbols based on the CM calculation given in [4]. Note that the offset value 0.77 dB in [4] accounting for bandwidth change is not taken into account, since our focus is on CM increase compared to single-port DMRS. Simulation results are presented in Figure 1 and Figure 2 to compare CM performance of single-port DMRS (i.e., legacy Rel-14 DMRS) and the two proposed DMRS options, where the 3dB PSD boosting of PSCCH over PSSCH is considered in Figure 1 but not in Figure 2. Here CDFs of CM are obtained by iterating over DMRS sequences with different cyclic shifts and with different root indexes of the involved Zadoff-Chu sequences. As shown by the results, for option 1, the CDF curves of the two antenna ports are basically overlapping each other. Besides, their CM increase is small, i.e., in most scenarios less than 1 dB, compared to the single-port DMRS. Moreover, for option 2, the CM increase of the second antenna port is negligible. Note that CM of the first antenna port (in option 2) is the same with that of the single antenna port, and thus is skipped in the figures. 
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[bookmark: _Ref481680326]Figure 1. CM evaluation of DMRS structures for different sub-channel sizes when 3dB PSD boosting of PSCCH is considered. (a) sub-channel size = 6RB; (b) sub-channel size = 20RB; (c) sub-channel size = 50RB; (d) sub-channel size = 75RB.
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[bookmark: _Ref481680333]Figure 2. CM evaluation of DMRS structures for different sub-channel sizes when there is no PSD boosting of PSCCH. (a) sub-channel size = 6RB; (b) sub-channel size = 20RB; (c) sub-channel size = 50RB; (d) sub-channel size = 75RB

Proposal 2: 
· For one-port PSSCH transmission including small delay CDD and PVS in time domain, legacy Rel-14 DMRS pattern, including time-frequency location, sequence, and cyclic shift, is applied.
· For two-port PSSCH transmission including STBC and SFBC, two options can be considered for DMRS design.
· Option 1: one legacy Rel-14 DMRS sequence is split into two parts that are transmitted through two antenna ports in a comb manner.
· Option 2: two DMRS sequences with different lengths are transmitted through two antenna ports, where REs allocated to the two DMRS sequences are partially overlapped. Moreover, the first DMRS sequence is the same with a legacy Rel-14 DMRS, while the second DMRS sequence with half length of the first sequence is specifically designed based on the first DMRS sequence.
· The exact relationship between the two DMRS sequences is FFS.

Conclusion 
In this contribution we have discussed some potential DMRS designs for Rel-15 PSCCH and PSSCH transmissions, where the focus is on two Tx antennas. We have observed and proposed the following:
Observation 1:
· For two-port PSSCH transmissions, DMRS design should fulfil the following three targets.
· Target 1: A Rel-15 receiver is able to separate and estimate the channels from the two antenna ports respectively.
· Target 2: A Rel-14 receiver can still measure PSSCH-RSRP using DMRS without significant performance loss.
· Target 3: Low CM characteristics are maintained for transmitting DMRS symbols. 
Proposal 1: 
· Legacy Rel-14 DMRS pattern with single antenna port, including time-frequency location, sequence, and cyclic shift, is applied to PSCCH transmission.
Proposal 2: 
· For one-port PSSCH transmission including small delay CDD and PVS in time domain, legacy Rel-14 DMRS pattern, including time-frequency location, sequence, and cyclic shift, is applied.
· For two-port PSSCH transmission including STBC and SFBC, two options can be considered for DMRS design.
· Option 1: one legacy Rel-14 DMRS sequence is split into two parts that are transmitted through two antenna ports in a comb manner.
· Option 2: two DMRS sequences with different lengths are transmitted through two antenna ports, where REs allocated to the two DMRS sequences are partially overlapped. Moreover, the first DMRS sequence is the same with a legacy Rel-14 DMRS, while the second DMRS sequence with half length of the first sequence is specifically designed based on the first DMRS sequence.
· The exact relationship between the two DMRS sequences is FFS.
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