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Introduction
In RAN1#90 meeting, RAN1 had send one LS about transmit diversity for PC5 in [1]. In this paper, we share our view regarding the question raised by RAN1. 
[bookmark: _Ref178064866]Discussion
In RAN1 LS, there are three questions:
•	Impact on PSSCH-RSRP measurement accuracy of Rel-14 UEs
•	MPR for Rel-15 UEs
•	Impact on MMSE MRC receivers and advanced receivers in the a) presence of one interferer (single-port transmission and two-port diversity) b) presence of multiple interferers (single-port transmission and two-port diversity)
In the following sections, we make some analysis for these questions. 
Impact on PSSCH-RSRP measurement accuracy of Rel-14 UEs




When transmit diversity is used for Rel-15, to enable Rel-14 UEs PSSCH-RSRP measurement, the RS of Rel-15 UE, such as the pattern, sequence, shall be subset of Rel-14 UEs. In RAN1 study, the generation method for Rel-14 RS for PSSCH is the same as PUSCH except some parameters, such as , ,  and , and these parameters are associated with the decimal representation of CRC on the PSCCH transmitted in the same subframe as the PSSCH. In RAN1 Rel-15 transmit diversity discussion, the details for the RS design are not informed yet. As one simple extension, the RS design principle for MIMO PUSCH can be as a reference point. In MIMO PUSCH design, both ports use the same method to generate sequence, for example, both use Zadoff-Chu sequence. The only difference is different root is used for port 0 and port 1. Thus, from RS point of view, for multiple antenna system, one UE with 2 TX is equivalent to two UEs and each with 1 TX. Due to this equivalency, the introduce of multiple antenna is equivalent to introduce more 1TX UEs and each UE with half power relative to actual 1 TX UE. From system point of view, the PSSCH-RSRP performance shall be quite similar when 2 TX is introduced if the side condition is very similar. 
This abovementioned equivalence is the same for transparent transmitted diversity and non-transparent diversity if the same design principle is used for the RS design. For transparent transmitted diversity, two identified sequence will be transmitted. For non-transparent transmitted diversity, one sequence is transmitted. But due to the delay profile is different from different transmitted antennas, the same effect will be generated from receiver point of view for transparent transmitted diversity and non-transparent diversity. 
[bookmark: _Toc493841489][bookmark: _Toc493841672][bookmark: _Toc493877557][bookmark: _Toc494657731]From system point of view, the PSSCH-RSRP performance shall be similar for transparent diversity, non-transparent diversity, and single-port transmission when similar side condition is configured.
MPR analysis for Rel-15 UEs
MPR is related to the PAPR. the PAPR is related to the transmission schemes. In RAN1 LS, there are three transmitted diversity schemes are proposed:
· STBC
· SFBC
· PVS in time domain

For STBC, PAPR has been analysed in [2]. In STBC, there are two operations for the symbols, one is “conjugate” and one is “multiply ‘-1’ ” and any operation is performed based on whole OFDM symbol. Both “conjugate” and “multiply ‘-1’ ” will not change the PAPR block-wise. Thus, the PAPR of STBC shall be the same as the PAPR of single-port. Thus, there is no any impact on the MPR for proper STBC. 
[bookmark: _Toc493877558][bookmark: _Toc494657732]There is no any impact on the MPR for proper STBC
In conventional Alamouti SFBC, two adjacent subcarrier are used as the paired SFBC subcarriers, which may lead to slightly increased CM/PAPR characteristics, e.g., roughly 1dB [3]. it should be noted that difference in CM of TxD schemes with respect to the single antenna port does not give a full picture, given that if multiple antenna ports are used the max transmit power per antenna port is scaled down by X dB, where X = 3dB for the case of two TX antennas. Hence, in case of TxD scheme with two antenna ports, the transmit power per antenna port is 3dB less with respect to single antenna port that can relax CM requirements. Hence, the CM increase of SFBC is in general not significant and can probably be compensated in practice by the power reduction of the two-antenna transmission.
[bookmark: _Toc494657733]The MPR impact is quite limit considering the power reduction and CM increase of the SFBC

MMSE-MRC performance and advanced receivers
In current RAN4 discussion, for PDSCH, advanced receivers, such as MMSE-IRC receiver, CRS-IC receiver, nonlinear MIMO receiver, EMMSE-IRC and NAICs are discussed. However, for PC5, only MMSE-MRC and MMSE-IRC receiver are relevant. Thus, in this section, we only focus on MMSE-MRC and MMSE-IRC. 
For both MMSE-MRC and MMSE-IRC, since the performance is independent of the interference structure, thus, it is expected to have the same performance for the scenario when the interference is transmitting diversity and the scenario when the interference is single port transmission. 
For MMSE-IRC, simulation results are provided in Figure 1 and the corresponding simulation parameters are shown in Table 1. 

[bookmark: _Ref493841287]Table 1: Simulation parameters
	Parameters
	Scenario1: 
TxD as interference
	Scenario 2:
One-port as transmitted diversity

	Interference modelling
	SFBC
	each PRG with the same precoding which is randomly generated

	Interference level(Es/No)
	10.45 dB

	Resource allocation
	3 PRBs

	MCS
	8

	Receiver
	MMSE-IRC receiver

	Transmission scheme from the desired terminal
	SFBC

	Channel estimation
	Practical channel estimation



[image: ]
[bookmark: _Ref493841260]Figure 1: Simulation results for TxD interference and one-port interference
From Figure 1, we can see there is no any difference for TXD as interference and one-port interference. Thus, we have the following observations:
[bookmark: _Toc493841490][bookmark: _Toc493841673][bookmark: _Toc493877561][bookmark: _Toc494657734]There is no performance difference is observed for one single-port transmission and two-port diversity for MMSE-IRC receiver

Conclusion
In this paper, we provide our analysis for the PSSCH-RSRP, MPR issue and impact on MMSE-MRC and MMSE-IRC. Based on the analysis, we have the following observations:

Observation 1	From system point of view, the PSSCH-RSRP performance shall be similar for transparent diversity, non-transparent diversity, and single-port transmission when similar side condition is configured.
Observation 2	There is no any impact on the MPR for proper STBC
Observation 3	The MPR impact is quite limit considering the power reduction and CM increase of the SFBC
Observation 4	There is no performance difference is observed for one single-port transmission and two-port diversity for MMSE-IRC receiver
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