


[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #90	       	R1-1712656
Prague, Czech Republic, 21 - 25 August 2017		

Source: 	Ericsson
[bookmark: Title]Title:	Evaluation for transmit diversity for V2X
Agenda Item:	5.2.3.3.2             
Document for:	Discussion and Decision
Introduction
RAN1#88bis agreed on having initial simulation results for transmit diversity for V2X. The relevant agreements are as follows:
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
Additionally, in RAN1#89 the following agreements were made:
Agreement: 
· Legacy Rel-14 DMRS pattern with single antenna port, including time-frequency location, sequence, and cyclic shift, is applied to PSCCH transmission.
Working Assumption: 
· MMSE-MRC receiver is the baseline for Rel-14 UEs
· Companies can bring results with advanced receivers for Rel-14 UEs
In this contribution, we present simulation results on transmit diversity. The results focus on system-level performance and complement the link-level results presented in RAN1#89. 
General discussions on transmit diversity and our conclusions are presented in our contributions [2] and [3], respectively. Considerations on DMRS and cubic metric can be found in [4].
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In this section, we present our evaluation results at system level. The schemes use for each of the curves are the following:
· Legacy: single transmit port is used following the Rel-14 specification.
· CDD: single transmit port is used with CDD for both PSCCH and PSSCH.
· STBC: two transmit ports are used with STBC for PSSCH. The symbols are paired 1-3, 4-6, 7-9, and 10-12, leaving symbol 0 orphan. For PSCCH, single transmit port is used with CDD.
· SFBC: two transmit ports are used with SFBC for PSSCH. A 1dB MPR value is used to account for the increase in CM and is applied to both signal and IBE. The details on the CM model and calculations can be found in [4]. For PSCCH, single transmit port is used with CDD.
For the two-port transmission schemes in the simulations, we have considered CDM based DMRS (using CS) for the two antenna ports. More specifically, two DMRS sequences for the two antenna ports are generated from different cyclic shifts of the same base sequence, where one of them is selected in the same way as in legacy Rel-14.  Details of the DMRS structure can be found in our companion contribution [4].
We have excluded PVS from the analysis because the link-level evaluation results presented at RAN1#89 showed that it is clearly inferior to the rest of the techniques.
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We first discuss the performance of Rel-15 UEs and leave to Section 2.2 the analysis of the degradation introduced to Rel-14 UEs. 
Figure 1 shows the performance of each transmit diversity scheme (used by all UEs) in the highway scenario with UE speed of 140 km/h. 
In general, all diversity schemes offer gains over legacy schemes. However, the Alamouti schemes present substantial gains over the simpler CDD scheme. The difference between STBC and SFBC Alamouti is small. For the speed in this scenario, we did not observe significant differences for STBC using the alternative symbol pairing 0-1, 3-4, 6-7, 9-10, leaving symbol 12 orphan.
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[bookmark: _Ref489868959]Figure 1. PRR performance for different transmit diversity schemes in highway scenario (140 km/h).
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[bookmark: _Ref489876927]Figure 2. PRR performance for different transmit diversity schemes in urban scenario (60 km/h).

Figure 2 shows the performance of the different transmit schemes in the urban scenario with UE speed of 60 km/h. The observations made for the highway scenario hold here too. 
Observation 1:
· Transmit diversity improves significantly the performance in all scenarios.
· The combination of CDD (for PSCCH) with Alamouti (for PSSCH) yields best performance.
· At system level, the differences between STBC and SFBC and due to the different symbol pairings are small.
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One critical aspect of the work item is the coexistence of Rel-15 UEs with legacy UEs. The initial link-level evaluations in RAN1#89 showed that no performance degradation is introduced to Rel-14 UEs using MMSE-MRC receivers.
Figure 3 shows the system-level performance of legacy UEs in the presence of UEs using different multi-antenna transmission schemes. It can be observed that the degradation in performance introduced by multi-antenna transmitters is not different from that introduced by a legacy transmitter. 
The results presented here are for highway scenarios with high speed but we observe the same behavior in other scenarios too.
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[bookmark: _Ref490064879]Figure 3. PRR performance of Rel-14 receivers in the presence of Rel-14/Rel-15 transmitters (50% - 50%).
Observation 2:
· Multiple-antenna transmission does not introduce additional degradation to Rel-14 UEs.
Conclusion 
In this paper, we have evaluated the performance of the different transmit diversity schemes. We have observed the following:
Observation 1:
· Transmit diversity improves significantly the performance in all scenarios.
· The combination of CDD (for PSCCH) with Alamouti (for PSSCH) yields best performance.
· At system level, the differences between STBC and SFBC and due to the different symbol pairings are small.
Observation 2:
· Multiple-antenna transmission does not introduce additional degradation to Rel-14 UEs.
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