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Introduction
In RAN1 #89 meeting, the potential Tx diversity schemes for PC5 are discussed and evaluated, particularly with following agreements and questions to be answered[1]. 
Agreement: 
· Legacy Rel-14 DMRS pattern with single antenna port, including time-frequency location, sequence, and cyclic shift, is applied to PSCCH transmission.
Continue discussion on DMRS design. Questions to answers are:
· FDM vs. CDM
· Whether a Rel-14 DMRS sequence is always transmitted on at least one port
· Whether a new structure is needed
· Whether the RS is precoded or not
Working Assumption: 
· MMSE-MRC receiver is the baseline for Rel-14 UEs
· Companies can bring results with advanced receivers for Rel-14 UEs
For PSSCH, further evaluate candidate schemes. Select at RAN1#90 which scheme(s) to support. The following aspects can be taken into account:
· Transparent vs. non-transparent
· MPR increase for SFBC, including whether to take into account the IBE 
· Impact on PRR for Rel-14 UEs
In this contribution, we will further discuss the details about the candidate PSSCH Tx diversity schemes, and show our preference.
Tx diversity schemes in PSSCH
The details about the candidate Tx diversity schemes are provided as following:
· STBC, as shown in Figure 1.
The symbols sent from two antennas over two paired SC-FDM symbols form an orthogonal Alamouti code. STBC requires even number of OFDM symbols, which can obtain full diversity gain.
The details of the orphan and paired symbols are illustrated in Figure 1. With the consideration of AGC and GP symbols, two orphan symbols are assigned to AGC and GP symbols, others symbols can construct paired symbols. The orphan symbols in AGC and GP symbol can be transmitted by repetition manner in two antennas. 


 
Figure 1: STBC

· SFBC, as shown in Figure 2.
Similar as 2 antenna Tx diversity in DL, the adjacent REs in frequency domain will be constructed as a paired RE. This scheme can obtain full diversity gain. However, it breaks the single carrier property, and leads to higher CM. 


Figure 2: SFBC Tx diversity scheme
· Small-delay CDD, as shown in Figure 3.
In this scheme, an original signal is transmitted in first antenna, and a copy of the original signal is transmitted in second antenna with a small cyclic delay, which is equivalent to creating an artificial multipath from the second transmit antenna.  This scheme can be transparent with legacy transmission scheme. However, when the cyclic delay is small, then the diversity gain is also marginal.


Figure 3: Small-delay CDD
The evaluation results on the above Tx diversity schemes are provided in company’s contribution[2]. We can obtain the following observations based on the evaluation results:
· The CM performance of SFBC in antenna port 2 is about 0.5dB higher than that of Rel-14 signal in 16QAM modulation, and about 0.7 dB higher in QPSK modulation. Small-delay CDD and STBC keep the same CM performance as that of Rel-14 signal.
· In noise scenario, SFBC provides the best link performance gain over other Tx diversity schemes in all the scenarios, STBC will degrade the link performance gain in high moving speed scenario, and the link performance gain of small-delay CDD is the lowest one. The link performance gain of SFBC is about 0.5~2.0dB higher than small-delay CDD at BLER=10% in different evaluation scenarios without consideration of CM impacts of SFBC.
· In interference scenario, with the working assumption that MMSE-MRC receiver is used in Rel-14 UE, Rel-14 UE receiver is not sensitive to the interference type, whether the interferer is Rel-14 UE or Rel-15 UE with different Tx diversity schemes.
Based on the above observations in the link level evaluation results, we prefer SFBC shall be applied for Rel-15 PSSCH.

Proposal 1: SFBC shall be applied for Rel-15 PSSCH.
DMRS antenna ports in PC5
Based on the above analysis of the candidate Tx diversity schemes, SFBC is preferred in PSSCH. Therefore, the following paragraphs are mainly focused on DMRS designs on two antenna ports. There are four potential DMRS design options which are raised in RAN1 #89 meeting:
· Option 1: CDM manner[3], as shown in Figure 4-a. Legacy DMRS sequence is used in one antenna port, the DMRS sequence in another antenna port can be generated by different DMRS cyclic shift.
· Option 2: CDM manner[4], as shown in Figure 4-b. This option is similar as option 1, while the difference is that legacy DMRS sequence is alternated between two antenna ports.
· Option 3: FDM manner[5], as shown in Figure 4-c. Legacy DMRS sequence is transmitted through two antenna ports in a comb manner.
· Option 4: Partial CDM manner[5], as shown in Figure 4-d. 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.
Since option 1 and option 2 are very similar, the only difference is that a DMRS sequence will alternate between two antenna port or not. In option 4, only half sequence will be employed to channel estimation in antenna port #2, it will degrade the channel estimation performance. In our evaluation, only option 1 and option 3 are evaluated and the evaluation results are shown in [2]. Based on the evaluation results, it can be observed that the link performance of option 1 is slightly better than option 3, and option 1 has better CM performance than option 3. Therefore, option 1 is preferred in DMRS design for two antenna port Tx diversity scheme.



Figure 4: DMRS design options
Proposal 2: For the case two antenna ports are applied, the DMRS sequence in one of the antenna ports shall be same as that of Rel-14, and the DMRS sequence in another antenna port could be differentiate by different cyclic shift.
Conclusion
In this contribution, the details of antenna ports and Tx diversity schemes in PSSCH are discussed. Particularly, we have following proposals:
Proposal 1: SFBC shall be applied for Rel-15 PSSCH.
Proposal 2: For the case two antenna ports are applied, the DMRS sequence in one of the antenna ports shall be same as that of Rel-14, and the DMRS sequence in another antenna port could be differentiate by different cyclic shift.
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