[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #90bis	   R1-1717768
Prague, Czech Republic, 9th – 13th October 2017

Source:	Nokia, Nokia Shanghai Bell 
Title:	Transmit diversity schemes for V2X
Agenda item:	6.2.3.3.1
Document for:	Discussion and Decision
1	Introduction
This is an updated re-submission of R1-1713994.

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 potential transmit diversity schemes and evaluation results were discussed and 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 this paper, we discuss some potential transmit diversity schemes with non-transparent two antenna ports. The evaluation results for these schemes are provided in another companion paper [3].
2	General views 
For PSCCH, a transparent transmit diversity scheme shall be used in order to be decoded by the legacy Rel-14 UEs. As per discussions at a previous RAN1 meetings, small-delay CDD could be used for PSCCH as transparent transmit diversity scheme. The small-delay CDD was evaluated for PSCCH in previous meeting showing that SD-CDD can provide a modest diversity gain at low to medium relative velocities. Thus, it could be specified as transmit diversity for PSCCH. 
For PSSCH, as shown above, it was agreed as working assumption that RAN1 assumes the use of two-port non-transparent transmit diversity for designing PSSCH and details of transmit diversity schemes are FFS. This paper discusses some potential two-port non-transparent transmit diversity schemes for PSSCH. These transmit diversity schemes are evaluated in a companion paper [3].
3	Transmit diversity schemes for PSSCH
3.1 Potential transmit diversity schemes
There are multiple possible two-port non-transparent transmit diversity schemes for PSSCH, including at least STBC, SFBC, PVS in time and Comb data diversity. In this section, we briefly discuss these transmit diversity schemes as follows. 
SFBC
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. There exists different SFBC encoding and mapping ways depending on whether the two involved subcarriers are adjacent. However, for SFBC over non-adjacent subcarriers, the semi-static channel coefficients generally no longer hold in frequency selective channels, which makes the specific Alamouti coding little sense. Thus, we focus on SFBC over adjacent subcarriers, as shown in Figure 1. 
From the SFBC mapping shown in Figure 1, 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 (described in next subsection) show that the CM increase is quite limited (only about 0.7dB/0.5/0.4 dB increase observed for QPSK/16QAM/64QAM), which may not be a serious issue. 
[image: ]
Figure 1: Illustration of SFBC coding over adjacent subcarriers

STBC
STBC is a common transmit diversity scheme that makes the encoding/mapping over two time symbols and two transmit antennas. Under the condition that the channel remains quasi-static over the two time symbols and spatially uncorrelated over the two transmit antennas, the full diversity gains could be achieved with low-complexity Alamouti combination detection. 
With the DFT-precoding present, to keep the low-PAPR property, the STBC encoding could be made based on DFT-precoding output data blocks, as shown in Figure 2(a). In the context of V2X PC5 subframe, there are two possible mapping options for STBC with one option mapping STBC signals to the two SC-FDMA symbols on both sides of the DMRS symbol and the other option mapping STBC signals to the adjacent two SC-FDMA symbols. Considering that the first SC-FDMA symbol is used for AGC settling and thus may not convey data well, it is appropriate to leave the first symbol as the orphan symbol in STBC encoding. Thus, in this paper we focus on the STBC mapping that uses first symbol as orphan, which is shown in figure 2(b). 


(a) STBC encoding

     
(b) STBC mapping with first symbol as orphan                       
Figure 2: Illustration of STBC encoding and mapping

PVS-T
In PVS-T, open-loop precoding vector switching is used in time domain to change the equivalent channels during the data transmission, thus achieves diversity gains in the packet transmission. Generally, there are two possible options for PVS-T implementation: 
· Option-1: The V2X subframe signal is transmitted alternatively on the two antennas, e.g., the first slot on first antenna while the second slot on the second antenna. The benefit is that the legacy DMRS could be reused. However, it has a potential drawback that the channel estimation performance will degrade severely in high mobility scenario. 
· Option-2: The V2X data symbols are precoded with different two-antenna precoders over different symbols and are mapped to the two antennas, while the V2X DMRS symbols convey the two antenna ports e.g. in CDM manner. In this option, the precoder cycling information is also known to the receiver such that it can combine the estimated channels with the used precoder to get the effective channel. An example of the precoder cycling for data V2X symbols is {[1, 1], [1, -1], [1, j], [1, -j]} (here the normalization factor is not shown).
Due to the potential problems of option-1, we will focus on option-2 PVS-T in the discussions and the evaluations in the companion paper [3]. 

FSTD with dual DFT-precoding (or called Comb-Data diversity)
In addition to the above transmit diversity schemes, another transmit diversity scheme frequency-switching transmit diversity (FSTD) with dual DFT-precoding could also be considered for PSSCH, as shown in Figure 3. The data symbol vector with size M is divided into two parts, and each part goes through M/2-point DFT-precoding and then, the DFT-precoding output of first part is mapped to the even-numbered subcarriers of transmit antenna port 1 while the second part is mapped to the odd-numbered subcarriers of transmit antenna port 2. Due to the specific symbol mapping to the two antenna ports, here it is also called comb-data diversity. 
The comb-data diversity could be regarded as one single data stream in the receiver view with the equivalent channel of the interleaved channels from two antennas (i.e., channels on even/odd-numbered subcarriers come from antenna 1/2 respectively). This property may benefit interference suppression/cancellation for the receivers with advanced receiving algorithm. 
[image: ]
Figure 3: Illustration of processing for Comb-Data diversity


3.2 PAPR/CM analysis
A technical concern of the transmit diversity schemes is the PAPR/CM of the transmit signals. In this section, some numerical results are presented about the CM of the transmit diversity schemes discussed above. The CM of SFBC and Comb-data diversity for modulation of QPSK, 16QAM and 64QAM are shown in Figure 4, together with the single antenna SC-FDMA for comparison. Note that STBC and PVS-T have the same CM as single antenna transmission, and are not shown in the figure. In the numerical results, it is assumed that FFT size of the carrier N=1024 and number of subcarriers M=240 (i.e. 20 PRBs). 
From the CM results, we can get the following observations:
Observation-1: For SFBC, antenna 1 signal has same CM as SC-FDMA while antenna 2 CM slightly increases by about 0.7dB/0.5dB/0.4dB for QPSK/16QAM/64QAM. STBC and PVS-T have same CM as SC-FDMA. The CM of Comb-data diversity is close to that of SC-FDMA. 

[image: ] [image: ]
(a) QPSK                                                       (b) 16QAM
[image: ] 
(c) 64QAM
Figure 4: CDF of CM for SFBC for QPSK/16QAM/64QAM

Note: 1) the additional offset in CM is not included; 2) STBC and PVS-T have same CM as single antenna, and not shown in the figure. 

4	Considerations on DMRS
Based on the discussions in previous meetings, there are generally two types of DMRS design for two antenna ports, one is based on Comb FDM and the other is based on CDM with cyclic shifting. 
In Comb FDM DMRS design, the Rel-14 PSSCH DMRS sequence is reused and the sequence elements are mapped alternatively to the subcarriers of the two transmit antenna ports, e.g., the DMRS sequence is mapped sequentially to the even-numbered subcarriers of antenna port 1 and odd-numbered subcarriers of antenna port 2. In the receiver view, the channels of the two antenna ports are interleaved to an equivalent channel with higher frequency selectivity. Since the equivalent channel is quite different from the general single-port channel (in terms of frequency selectivity), its potential impact on the PSSCH-RSRP measurement shall be further studied carefully.  
Another implementation for the non-transparent two-port is the CDM DMRS design, the Rel-14 PSSCH DMRS sequence is used for antenna port 1 and the same sequence with additional cyclic shift (e.g.,  with n2=6) is used for antenna port 2. In this case, the two sequences are orthogonal to each other in CDM and the DMRS sequence of antenna port 1 is backward compatible to enable PSSCH-RSRP measurements by Rel-14 UEs. The potential issue with the CDM DMRS design is that under the assumption of same total transmit power, the measured PSSCH-RSRP by legacy UE is lower than the actual sum power of the two antenna ports by 3dB. The potential impact of the PSSCH-RSRP measurement loss of 3dB (or more in some cases) on the sensing and resource (re)selection procedure of the legacy UE is a concern. 
In the companion paper [3], some system level simulations are made to clarify the potential impact of the RSRP measurement loss on the legacy UE performance. The system simulation results showed that the PSSCH-RSRP measurement loss of 3dB has little impact on the legacy UE performances. The potential reasons may be that the PSSCH-RSRP only impacts the resource exclusion operations for the candidate resource set and the more significant resource ranking and reporting of the available resources is based on the S-RSSI measurements which have no potential problems with the CDM DMRS design. 

Observation 2: Both Comb FDM DMRS and CDM DMRS could be considered for two-antenna-port DMRS design. The PSSCH RSRP measurement loss of 3dB of CDM DMRS has little impact on legacy UE performances. 


5	Conclusion
In this paper, the two-port non-transparent transmit diversity schemes for V2X PC5 transmission are discussed, focusing on three potential candidate transmit diversity schemes STBC, SFBC and PVS-T. The CM/PAPR of these transmit diversity schemes and the DMRS design are also discussed. Based on the discussions, the following observations are provided. 

Observation-1: For SFBC, antenna 1 signal has same CM as SC-FDMA while antenna 2 CM slightly increases by about 0.7dB/0.5dB/0.4dB for QPSK/16QAM/64QAM. STBC and PVS-T have same CM as SC-FDMA. The CM of Comb-data diversity is close to that of SC-FDMA. 
Observation 2: Both Comb FDM DMRS and CDM DMRS could be considered for two-antenna-port DMRS design. The PSSCH RSRP measurement loss of 3dB of CDM DMRS has little impact on legacy UE performances.
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