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1. Introduction
In RAN1 #88bis and #89 meeting, the following agreements were reached regarding to diversity scheme for PSCCH and PSSCH.
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In this contribution, potential TxD schemes for PSCCH and PSSCH will be discussed.
2. Small delay CDD for PSCCH

In this section, small delay CDD scheme will be introduced.

Small delay CDD is potentially used as PSCCH diversity scheme, the main reason is that this scheme is transparent to Rel-14 UEs. Moreover, only one signal will transmit per antenna, single-carrier property will remain on each antenna. 
For this scheme, transmitter will transmit one original signal and a delayed copy on separated antenna to obtain frequency domain diversity, but when the cyclic delay is small, channel variation in frequency domain is marginal, then the diversity gain is marginal as well. 
Moreover, in practical, intra-symbol CFO estimation algorithm [1] based on single DMRS can be adopted for single antenna transmission, but intra-symbol CFO estimation accuracy will degrade for small delay CDD scheme, because single tap channel impulse function assumption (assumption for intra-symbol CFO estimation) will be destroyed as manual channel delay is assumed for small delay CDD. 

Observation 1: The accuracy of intra-symbol CFO estimation [1] based on DMRS will degrade for small delay CDD.
3. Candidate TxD schemes for PSSCH
In RAN1 #88bis meeting, multiple diversity schemes for PSSCH were listed: 
· Small delay CDD
· STBC or half symbol STBC

· SFBC

· PVS in time domain (PVST)
To evaluate different scheme, diversity gain, CM per antenna, impact to Rel-14 UE mode 4 UE PSSCH-RSRP measurement accuracy corresponding to different schemes should be considered. In the following, different diversity scheme will be analysed accordingly. And some RS design corresponding to different diversity schemes will be given.
3.1. Small delay CDD
This scheme is described in section 2. Although this scheme is transparent to R-14 UE, the diversity gain is marginal.

For this scheme, single port pre-coded RS could be used, thus RS is transparent to receiver and does not impact PSSCH-RSRP measurement. 
3.2. SFBC/STBC
For SFBC/STBC, the diversity gain comes from transmitting one signal via two different spatial paths. In Alamouti SFBC/STBC scheme, the diversity gain highly depends on channel similarity of RE-pair.

Conventional SFBC which maps RE-pair on adjacent sub-carriers would provide good diversity gain, but PAPR on one antenna is high, the variation of SFBC, e.g., SC-SFBC [2], maps RE-pair on non-adjacent sub-carrier, which could reduce the PAPR on the antenna, but diversity gain will also reduce due to less channel similarity on RE-pair.

For STBC scheme, single-carrier property preserves on each antenna, and in low speed case, the channel similarity between RE-pair on adjacent symbol is high, thus relative high diversity gain is expected, but in high speed case, the channel similarity between RE-pair on different symbols will be impacted, which degrades diversity gain of STBC. 
Non-pre-coded RS could be considered for SFBC/STBC. Both FDMed or CDMed RS can map to separated antenna port. If FDMed RSs are used on different antenna, single RS sequence could be considered by mapping extracted symbol of the sequence on different antenna port as in figure 1-a, but PSSCH-RSRP measurement accuracy will be impacted as single RS sequence is split onto two antenna port and transmitted to receiver via different channel; if CDMed RSs are adopted, RS generated based on SA CRC could be mapped on one antenna port, and sequence by its cyclic shift could be mapped on other antenna port as in figure 1-b, then for PSSCH-RSRP measurement by Rel-14 UE will have 3dB degradation, to improve PSSCH-RSRP measurement accuracy, RS sequence generated based on SA CRC could be transmitted alternate on two antenna ports.
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Figure 1 non-pre-coded RS
Proposal 1: Non-pre-coded RS could be considered if SFBC/STBC is supported.
· FFS whether FDMed or CDMed RS to be used. 
Proposal 2: RS design with small impact on PSSCH-RSRP measurement accuracy for Rel-14 UE should be considered.
3.3. PVST 

For PVST, the diversity gain is obtained via enlarging time domain channel variation by using different precoder in time domain, e.g., different precoder per slot, per symbol group or per symbol. In high speed case, the channel variation is already large due to high mobility, so the diversity gain obtained from PVST is limited. Single-carrier property will preserve for this diversity scheme. 
For the RS design of PVST, both pre-coded RS and non-pre-coded RS (illustrated in figure 1) could be considered, mixed pre-coded and non-pre-coded RS is also not precluded. if non-pre-coded RS is adopted, the precoder for each symbol group should be known to receiver UE, as channel estimation is for real propagation channel in case of non-pre-coded RS. So, some fixed precoder pattern should be defined and indicated implicitly or explicitly to receiver UE, e.g., implicit indication based on SA content/SA CRC or explicit indication by extra bits in SA. 
Proposal 3: Non-pre-coded RS could be considered if PVST is supported.
· FFS whether FDMed or CDMed RS to be used. 
As for above analysis, 2 port RS, e.g., non-pre-coded RS can be considered for SFBC/STBC and PVST, then practical CFO estimation for 2 port RS should be adopted as well. For intra-symbol CFO estimation [1], single transmission layer DMRS is assumed, it is not suitable for 2 port RS case.

Observation 2: The accuracy of intra-symbol CFO estimation [1] will degrade for TxD scheme with 2 port RS.
As discussed, for some diversity schemes, e.g., STBC/PVST, the UE speed would impact the diversity gain. For a V2x UE, both high speed case, e.g., in highway, and low speed case, e.g., in dense urban should be considered. Simulation results are shown in our companion paper [3]. 
4. Conclusion
In this contribution, diversity schemes for PSCCH and PSSCH have been discussed. Based on the discussion, we propose:
Observation 1: The accuracy of intra-symbol CFO estimation [1] based on DMRS will degrade for small delay CDD.
Proposal 1: Non-pre-coded RS could be considered if SFBC/STBC is supported.

· FFS whether FDMed or CDMed RS to be used. 
Proposal 2: RS design with small impact on PSSCH-RSRP measurement accuracy for Rel-14 UE should be considered.
Proposal 3: Non-pre-coded RS could be considered if PVST is supported.

· FFS whether FDMed or CDMed RS to be used. 
Observation 2: The accuracy of intra-symbol CFO estimation [1] will degrade for TxD scheme with 2 port RS.
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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:


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


PVST


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


Agreement:


Applied method on “Orphan” symbol issue in STBC should be provided if STBC is applied


Precoding details of PVS should be illustrated following with evaluation results


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 


Agreement: 


Legacy Rel-14 DMRS pattern with single antenna port, including time-frequency location, sequence, and cyclic shift, is applied to PSCCH transmission
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