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1	Introduction
One of the objectives of the “V2X phase 2 based on LTE” work item is to study the feasibility and gains of PC5 operation with transmit diversity‎ with details as follows [1]. 

2. 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 RAN1#90, the following working assumption were reached [2].
Working Assumption (may be revisited based on RAN4 response):
· For designing PSSCH, RAN1 assumes the use of two-port non-transparent transmit diversity
· The use of non-transparent transmit diversity is configured. 
· Details, including diversity scheme, are FFS
· Support of transmission and/or reception up to UE capability
· Note: It is RAN1 understanding that requirements on capabilities can be set at regional level and are outside 3GPP scope
· Send LS to RAN4 to ask their opinion about when non-transparent scheme for transmit diversity is used by Rel-15 UEs:
· Impact on Rel-14 UEs of PSSCH-RSRP measurement accuracy
· MPR for Rel-15 UEs
· Non-transparent Transmit diversity is not used in the following cases:
· When communicating with Rel-14 UEs
· When there is a high probability of resource collision with Rel-14 UEs
· Note: Some companies observe that the performance of MMSE-IRC receiver degrades when a non-transparent Transmit diversity scheme is used in interference limited scenarios with a dominant interferer

In RAN1-91, the following agreement was reached [3]. 
Agreement
· Assuming the previous WA of introducing non-transparent transmit diversity is confirmed, for two-port non-transparent transmit diversity for PSSCH, downselect option 1 as WA among the following candidate schemes 
· Working assumption: Option 1: SFBC-based scheme (including PAPR preserving)
· FFS whether to apply slot-level PVS 
· Option 2: STBC-based (including half symbol)

In this paper, we discussed the candidate transmit diversity schemes and its relevant aspects (including the signalling support and DMRS designs) for PSSCH. The evaluation results are described in the companion paper [9].

2	Discussions on Transmit diversity impact
RAN4#85 meeting discussed and approved the LS reply on transmit diversity impact on V2X PC5 [4].  According to the LS reply, the following main conclusions are provided
· Impact on PSSCH-RSRP measurement accuracy of Rel-14 UEs
Generally the impact on PSSCH-RSRP measurement of Rel-14 UEs includes the -3 dB RSRP power offset (compared to the total RX power from the two DMRS APs) with limited variance of RSRP estimates, which is in line with the our discussions in previous meetings. The impact may be significant only for certain DMRS designs with certain PSSCH-RSRP measurement algorithm (i.e. only when these two conditions hold at the same time). In this sense, the issue of potential impact on PSSCH-RSRP measurement accuracy seem not serious. 

· MPR for Rel-15 UEs: It is stated that among the three diversity schemes mentioned by RAN1, only SFBC may cause impact on the MPR. According to the simulation results, up to 0.5dB MPR increase is expected if SFBC is implemented.

· Impact on MMSE MRC receivers and advanced receivers in presence of one or multiple interferers:

With MMSE-IRC, the significant performance loss (e.g. 3.2~4.5dB) of two-port diversity interferers over single port interferers is only observed when the following conditions hold at the same time: 1) low mobility; 2) single dominant interferer; 3) relatively large INR (e.g. 15dB). Under other conditions, the performance loss is reduced more or less depending on the concrete conditions (e.g. with 280kmph, performance loss is lower than 0.5dB). In this case, the performance loss issue with two-port diversity interferers could be well addressed by imposing appropriate conditions on the usage of the two-port transmit diversity scheme. 
Based on above discussions, we have the following proposal
Proposal 1: Confirm the working assumption to apply the non-transparent two-port transmit diversity for V2X PC5. 

3	Transmit diversity schemes for PSSCH
As agreed in RAN1-91, assuming the previous WA of introducing non-transparent transmit diversity is confirmed, for two-port non-transparent transmit diversity for PSSCH, downselect option 1 as WA among the candidate schemes, where option 1 denotes the SFBC-based scheme including the SFBC scheme over adjacent subcarriers and the SFBC scheme over nonadjacent subcarriers (i.e. PAPR preserving). In this section, we will focus on the agreed WA of the two SFBC-based schemes for the two-port non-transparent transmit diversity for PSSCH.  Since as indicated by the LS reply on transmit diversity impact from RAN4, the two-port non-transparent transmit diversity may not be suitable for all the scenarios and conditions, thus the single-port transmit diversity of SD-CDD for PSSCH is also discussed in this section. 
SFBC-based schemes
SFBC is a common transmit diversity scheme which was adopted in LTE. The SFBC encoding is over two subcarriers, instead of over two time symbols in STBC. Thus it is robust to the high Doppler in high mobility scenarios. The SFBC encoding over two subcarriers can be implemented in two ways: SFBC over adjacent subcarriers and SFBC over nonadjacent subcarriers. The former is a regular implementation of the traditional SFBC encoding while the latter is an irregular implementation method proposed by [8] to preserve PAPR.
SFBC over adjacent subcarriers
The SFBC over adjacent subcarriers is shown in Figure 1. From the figure, we can observe that the transmit antenna port 1 signal ideally keeps the single carrier property as SC-FDMA, while the antenna port 2 signal doesn’t maintain the strict single carrier property of SC-FDMA, thus its PAPR/CM may increase to some extent. Analysis and evaluations show that the CM increase is quite limited (only about 0.7dB/0.5/0.4 dB increase observed for QPSK/16QAM/64QAM). According to the LS reply from RAN4 on transmit diversity impact, the MPR related to the CM/PAPR increase of the SFBC over adjacent subcarriers is about 0.5dB. 
[image: ]
Figure 1: Illustration of SFBC coding over adjacent subcarriers

SFBC over nonadjacent subcarriers
The SFBC over nonadjacent subcarriers is shown in Figure 2. In this scheme, the SFBC encoding is made over non-adjacent subcarriers with the subcarrier spacing up to M/2, where M denotes the number of allocated subcarriers for transmission. The motivation of this specific mapping is to preserve the PAPR for the transmit signals. However, the drawback of this mapping is also obvious: the channels over the two subcarriers are generally not quasi-static, which may necessitate much more complicated detection method than the classical low-complexity Alamouti detection and even with the complicated detection, the link performance may be degraded to some extent. Additionally, the SFBC over nonadjacent subcarriers has other potential issues, e.g. advanced interference mitigation scheme like MMSE-IRC could not be used effectively. These aspects are discussed and evaluated in the companion contribution [x].


Figure 2: Illustration of SFBC coding over nonadjacent subcarriers

STBC-based schemes
The STBC-based schemes include traditional single-symbol based STBC schemes and the virtual half-symbol based STBC schemes as discussed in last meeting [3]. For the single-symbol based STBC schemes, there are two potential troublesome issues: 1) the orphan symbol issue which is undesirable in implementations; 2) the performance loss in high mobility. For the virtual half-symbol based STBC schemes, there are also two potential issues: 1) there exists self-interference in multipath channels as there is no CP-like structure between the two virtual half symbols; 2) the potential implementation complexity increase. 
Based on the above considerations, the evaluations for the non-transparent 2-port diversity schemes focuses on the SFBC-based scheme. From the evaluation results shown in the companion paper [9], as the link performance loss of SFBC over nonadjacent subcarriers compared with the scheme over adjacent subcarriers is generally much larger than the MPR of the SFBC scheme over adjacent subcarriers (about 0.5dB as per RAN4 LS reply [4]) and considers the potential issues of the STBC-based schemes, we have the following proposal

Proposal 2: Confirm the working assumption of option 1 (i.e. SFBC-based schemes) and select the SFBC-based scheme over adjacent subcarriers. 

SD-CDD for PSSCH
As shown in the LS reply on the transmit diversity from RAN4, the non-transparent two-port transmit diversity may have relatively significant impact on Rel-14 UEs with the advanced MMSE-IRC under some specific scenarios, e.g. low speed and the 2-port transmit diversity signals as dominant interferer with relatively high INR. Thus, the non-transparent two-port transmit diversity could be applied only conditionally and the single-port transmit diversity SD-CDD could be used to complement the non-transparent two-port transmit scheme considering that they have complementary advantages and disadvantages (i.e. SD-CDD has smaller diversity gains but has little impact on Rel-14 UE in terms of PSSCH-RSRP measurement and detection in interference-limited scenarios with advanced detection method). One potential issue that should be noted is the potential impact of the SD-CDD for DMRS on the time/frequency synchronization operations at the receivers (of both Rel-14 and new UEs). 

3	Discussion on signaling for PSSCH TxD
To support the non-transparent PSSCH transmit diversity schemes, two alternatives could be considered:
· Alternative 1: support PSSCH TxD w/o explicit signaling indication.
· Alternative 2: support PSSCH TxD with explicit signaling indicated by PSCCH.
In the alternative 1, the receiver may have to make blind detection (e.g. for DMRS) to know that the two-port PSSCH TxD is used at the transmitter. Besides the incurred complexity issues, the blind detection performance is a technical concern especially for the low SNR cases. Additionally, with the alternative 1 method, the receivers generally have to apply the legacy timing/frequency synchronization approaches (which is only based on the legacy DMRS sequence), and the performance may have some loss compared with the potential enhanced synchronization method (which is based on the DMRS waveforms of the two antennas). 
For alternative 2, one (or more) reserved bits in the PSCCH is used to indicate the transmit diversity information for PSSCH. A simple example is that one reserved bit is used to indicate the used transmit diversity scheme e.g., 1 indicates SFBC is used for PSSCH while 0 may indicate SD-CDD is used for PSSCH. The purpose of indication of SD-CDD usage is to enable enhanced synchronization method for the new UEs (the delay for SD-CDD could be fixed or semi-statically configured).

Proposal 3: RAN1 studies the signaling support for PSSCH TxD. The explicit signaling support with PSCCH for the PSSCH transmit diversity is preferred. 


4	Considerations on DMRS
Based on the discussions in previous meetings, there are generally several types of candidate DMRS design for non-transparent two antenna ports at least including: 1) CDM DMRS with half cyclic shifting; 2) Comb FDM DMRS; 3) CDM DMRS with different roots (u); 4) CDM DMRS with SFBC encoding. In the following, we briefly discuss the potential impact of all these non-transparent 2-port DMRS designs on the PSSCH-RSRP measurements by legacy UEs. In the following, we make discussions and analysis for the potential impact of these candidate DMRS designs on the PSSCH-RSRP measurement by the Rel-14 vehicle UEs, taking the possibly used channel estimation methods into account. Note that the analysis is generally in line with the LS reply from RAN4 but with more details on various DMRS designs. 
1) CDM DMRS with half cyclic shifting
In this DMRS design, legacy DMRS sequence is mapped to the first port and the half-cyclically shifted DMRS sequence is mapped to the second port.  Thus, after dividing the received DMRS subcarriers by the legacy DMRS sequence, the legacy UEs get the rough channel estimate, i.e. h1+h2 on even numbered subcarriers and h1-h2 on odd numbered subcarriers. Thus if filtering for the rough estimate is not used, the measured RSRP is around the ideal value on average. If filtering is done in frequency or delay domain without timing re-synchronization, the final estimated channel is h1, thus RSRP loss of about 3dB is expected. In case of filtering in delay with timing re-synchronization, if the timing re-synchronization is based on the strongest path, then the estimated channel is the stronger channel among h1 and h2, thus the RSRP loss is generally less than 3dB. The potential issue exists in the case that the timing re-synchronization is based on the COM (center of mass) method [6], it was observed in [5] that if oversampling is not used in converting channel frequency response to delay domain, then the RSRP loss may be quite large, while if oversampling with factor of at least two is used, RSRP loss remains quite small (similar to strongest-path based timing re-synchronization). 
2) Comb FDM DMRS
In this DMRS design, legacy DMRS sequence is alternatively mapped to the two ports, e.g. even-numbered DMRS sequence element to 1st port while odd-numbered sequence element to 2nd port. Thus, with simple direct channel estimation, the legacy UEs get channel estimate of sqrt(2)*h1 on even-numbered subcarriers and sqrt(2)*h2 on odd-numbered subcarriers (here assume that FDM DMRS has power boosting of 3dB due to only half subcarriers used on DMRS symbols). Thus if no filtering is used, the estimated RSRP is around the ideal value on average. If filtering is used without timing re-synchronization, the estimated channel will be (h1+h2)*sqrt(2)/2, thus in this case the RSRP loss is about 3dB. In case of filtering in delay with timing re-synchronization, the situations are very similar to the CDM DMRS with half cyclic shift. In the channel delay domain, the combined CIRs of (h1-h2)*sqrt(2)/2 is half-cyclically shifted w.r.t. the combined CIRs of (h1+h2)*sqrt(2)/2, which is in contrast to h1 vs. h2 in CDM DMRS with half CS. Thus the above observations for CDM DMRS with half CS also hold for the FDM DMRS. 
3) CDM DMRS with different roots
In this DMRS design, different DMRS sequences are used for the two antenna ports. With simple direct channel estimation, the estimated channel is h1+p*h2, where p is a complex value with unit amplitude which is dependent on the sequence elements of the two sequences. Thus, on average the measured RSRP is near the ideal value. If filtering is applied to suppress noise plus interference, irrespective of using timing re-sync or not, the RSRP measurement loss is near about 3dB, since the channel of the 2nd port is expected to be largely filtered. 
4) CDM DMRS with SFBC encoding
CDM DMRS with SFBC encoding is another possible DMRS design, which provides orthogonality between the two ports and potentially facilitates more advanced receivers for SC-SFBC data transmissions [7]. In terms of impact on RSRP measurement by legacy UEs, it is similar to CDM DMRS with different roots. The only potential issue of this DMRS design is the increased CM/PAPR of the DMRS symbols at the second antenna port. As studied in [7], the CM increase is minor and thus it could be considered to use the DMRS design with SFBC especially if the SFBC over adjacent subcarriers is used. 
 
Proposal 4: RAN1 discusses and down-select the four DMRS designs with LS Reply from RAN4 taken into account. 

5	Conclusion
In this paper, we discussed the transmit diversity schemes and relevant aspects for PSSCH. In particular, the potential transmit diversity schemes for PSSCH and the associated DMRS designs and their potential impact on PSSCH-RSRP impact are discussed. Based on the discussions, the following proposal are provided. 

Proposal 1: Confirm the working assumption to apply the non-transparent two-port transmit diversity for V2X PC5. 
Proposal 2: Confirm the working assumption of option 1 (i.e. SFBC-based schemes) and select the SFBC-based scheme over adjacent subcarriers. 
Proposal 3: RAN1 studies the signaling support for PSSCH TxD. The explicit signaling support with PSCCH for the PSSCH transmit diversity is preferred. 
Proposal 4: RAN1 discusses and down-select the four DMRS designs with LS Reply from RAN4 taken into account. 
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