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1. Introduction
In the RAN#75 plenery meeting, WI on 3GPP V2X Phase 2 is agreed [1], where one of objective is about the adoption of Transmit Diversity Scheme for the PC5 operation as follows:
Objective:
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 this contribution, we discuss the detailed Transmit Diversity Schemes for the PC5 operation.
2. Transmit Diversity Scheme for PC5 operation
In RAN#75, the study of the feasibility of the Transmit Diversity (TxD) Scheme adoption is agreed for the PC5 operation. Generally, the TxD scheme makes the benefit in terms of the reliability by using channel diversity. If the high reliability is targeted, diversity gain would be more valuable than before, since the diversity gain is more prominent at the low BLER. Typically, two kinds of TxD schemes can be considered for the PC5 operation: One is randomization based diversity scheme such as precoder cycling and the other is block code based diversity scheme such as STBC or SFBC, both of which had already been adopted for LTE downlink. 
There can be some consideration points in adoption of TxD for PC5 operation. If using TxD, PAPR issue has to be considered according to a specific scheme. It is because some data mappings can distort the output after DFT spreading.  Also, considering that the time diversity can be already obtained due to vehicle’s mobility, there may not be enough room to obtain the additive diversity gain from TxD. Sometimes, the diversity gain can be prominent for the only low speed vehicle.
In addition, there is a restriction on the TxD design assuming the Rel-15 V2X UEs would co-exist in the same resource pools as Rel-14 V2X UEs in PC5 operation. At least, the SA format for TxD has to be decodable at Rel-14 UEs. Such restrictions affect the DMRS design, data mapping in PSSCH and control information in SA, and in addition, up to performance. 
Considering sharing resource pools between Rel-14 and Rel-15 UEs, PAPR issue and the performance comparison to the scheme without TxD, transmit diversity scheme needs to be designed carefully.

3. Precoder cycling
Precoder cycling can represent precoder switching per a specific resource unit. It can make the channel diverse which facilitates to obtain diversity gain. Using precoder cycling for PC5 operation, the followings can be considered:
· The number of layers
Assuming DMRS to be used for precoder cycling, it is reasonable understanding for the number of antenna ports to represent the number of layer. It means that each layer is precoded per a specific resource unit without informing the number of physical antenna based on DMRS, and all the layers are transmitted simultaneously. DMRS port differentiates layer. Then, the number of DMRS ports is required as at least the number of layers. If the number of layers is increasing, more DMRS ports needs to be transmitted. This will have some impact on legacy UE’s demodulation and sensing operations that will be discussed below section. Based on the description, we can simply limit to single layer for transmission diversity scheme.
Proposal 1:  single layer transmit diversity scheme is considered for Rel-15 PC5-based V2X.
· Resource unit for the precoder cycling
Some candidates for the resource unit of precoder cycling can be considered: RE, RB (i.e. a group of RE), OFDM symbol and slot (or group of symbols). In terms of PAPR, precoder cycling along with frequency axis can produce a bad effect. Since the signal after DFT spreading is non-linearly weighted per different frequency resource unit, the PAPR can be re-increased even using SC-FDMA. It may be reasonable that resource unit for the precoder cycling is the divided time resource: OFDM symbol (or symbol group) and slot. However, CDD (cyclic delay diversity) without layer permutation has no PAPR issue because the signal after DFT spread is linearly weighted (i.e. this can be interpreted as time domain delay) and there is no layer multiplexing. Therefore, CDD without layer permutation can be considered as diversity scheme for Rel-15 PC5-based V2X. Note that CDD can be interpreted as RE level precoder cycling in frequency domain.
Proposal 2: Symbol (or symbol group) based or slot based precoder cycling, and single layer CDD (or CDD without layer permutation if multi-layer diversity scheme is supported) are considered as potential enhancement of TxD scheme for Rel-15 PC5-based V2X.
· The design of DMRS mapping
As described in the objective section of WI, SA format after adopting TxD has to be decodable by Rel-14 UEs. This is motivated by that Rel-14 UEs have to be able to do resource exclusion based on PSSCH RSRP in sensing. To facilitate it, it would be beneficial to follow the legacy DMRS format as much as possible. Firstly, the location of DMRS is maintained as #2 #5 #8 #11 to make PSSCH RSRP measurement possible. 
Related to the number of DMRS ports, assuming the slot based precoder cycling with single layer, it is enough to have two DMRS ports if coding rate is not too low. For the slot based precoder cycling, one is used for data demodulation in the first slot, and the other is used in the second slot. Then, #2 and #5 DMRS are beamformed by beam index #1 in the first slot, and #8 and #11 DMRS are beamformed by beam index #2 in the second slot. In the sensing operation, it is possible that Rel-14 UEs measure PSSCH RSRP for both of DMRS ports without measurement loss because the same as Rel-14 DMRS sequences are transmitted. This can be called as “precoder cycling with TDMed DMRS port mapping” in the later paragraph. 
Assuming the symbol (or symbol group) based precoder cycling with single layer, the maximum number of precoding is 8 except for #0 #2 #5 #8 #11 #13 that are used for AGC, DMRS, and Tx/Rx switching. However, since channel varies from the first slot to the second slot, channel interpolation gain may not be achieved for high mobility UE. Furthermore, if the number of DMRS ports is increased, Rel-14 UEs have measurement loss of PSSCH RSRP due to the split of transmission power for multiple port. For 2-port CDMed DMRS, there exists 3dB PSSCH RSRP measurement loss and for 4-port CDMed DMRS, 6dB PSSCH RSRP measurement loss. Therefore, two ports precoder cycling for the symbol based precoder cycling is reasonable choice to minimize the impact on Rel-14 UE’s sensing operation.

Since we propose to limit the number of layer to one layer, DMRS port for single layer CDD can be discussed. In single layer CDD, legacy DMRS can be reused. Assuming two antenna ports, legacy DMRS is transmitted at the first antenna port and the delayed version of DMRS is transmitted at the second antenna port. The receiver can estimate the combined channel for each RE. This means there is no impact on legacy UE in different with symbol based or slot based precoder cycling. For symbol based or slot based precoder cycling, the legacy UE may not be able to decode data because wrong channel interpolation can be performed by the legacy UE. We would also like to note that there is no specification impact for CDD without layer permutation if the determination of delay for CDD is left to the UE implementation. 
Proposal 3: Considering sensing operation of Rel-14 UE, the location of legacy DMRS should be maintained as #2#5#8#11. 

Observation 1: Slot based precoder cycling and single layer CDD have no impact on PSSCH RSRP measurement for Rel-14 UE. 
Observation 2: Single layer CDD has no impact on data demodulation for Rel-14 UE.  

4. STBC and SFBC
In 3GPP LTE downlink, SFBC has been adopted rather than STBC. It is because that using STBC, the data pairing on the neighboring time resource is difficult in PDSCH due to CRS location. Data pairing can be related to the performance, since STBC or SFBC assumes the same channel between paired data. For the PC5 operation, since there is peak transmit power issue, the PAPR related to single carrier property differently from LTE downlink also needs to be considered together with data pairing and performance. Also, since the mobility of vehicle UEs makes channel variation in time domain, the performance of STBC would be dependent on the speed.
· SFBC
Regardless of vehicles’ speed, SFBC can be used by obtaining the antenna diversity from different channel per antenna. However, a simple data pairing on the neighboring frequency resources cannot have low PAPR. More complicated data mapping is required to have the same PAPR as a single antenna transmission. In order to reduce PAPR, paired data needs to be mapping on a distant frequency resources, which can have performance degradation due to the channel frequency selectivity. 
· STBC

STBC has advantage of low PAPR even using a simple data mapping on the neighboring resource, which does not have the performance degradation assuming the channel is same between neighboring time resources, on which the paired data is mapped. However, the performance gain can be marginal for the high speed vehicles due to channel variation by Doppler shift. Also, the orthogonality between paired data is not ensured even mapping it on the neighboring resources. Maybe, it can be used for only low speed vehicle UEs.
Related to the sensing operation, in order to prevent sensing error, legacy DMRS needs to be reused as much as possible, as described in Section 3. Assuming the DMRS location is maintained as legacy’s #2 #5 #8 #11, since #0 and #13 are used for AGC and Tx/Rx switching time, it is difficult for the paired data to be mapped on the neighbored OFDM symbols. If the neighbored OFDM symbols cannot be used for data mapping in STBC, it also can reduce the performance due to channel variation.
· The drawback of SFBC and STBC

SFBC: 

· The difficulty of paired data mapping on the neighbored frequency resource for low PAPR
STBC: 

· The difficulty of paired data mapping on the neighbored time resource for legacy DMRS mapping
· Non-orthogonality between paired data from UE’s mobility
Observation 3: SFBC in Rel-15 PC5 operation has the difficulty of paired data mapping on the neighbored frequency resource for low PAPR, which would degrade the performance.

Observation 4:  STBC in Rel-15 PC5 operation has the difficulty of paired data mapping on the neighbored time resource for legacy DMRS mapping, which would degrade the performance.
Observation 5: STBC in Rel-15 PC5 operation has non-orthogonality between paired data from UE’s mobility, which would degrade the performance.

Proposal 4: SFBC and STBC are not considered for Rel-15 PC5 operation. 
5. SA contents
As described in the objective section of WI, SA format after adopting TxD has to be decodable by Rel-14 UEs. Therefore, the control information for TxD schemes is allowed in the only reserved bits in SA. We can consider the number of antenna ports and the sort of TxD schemes to be indicated in SA.
6. Evaluation options for TxD
Based on the discussions of the previous sections, we suggest four options of TxD schemes to check the feasibility of TxD in PC5 operation as follows: 
The location of DMRS: #2 #5 #8 #11

The number of Tx/Rx Ant.: 2/2
Opt. 1: slot based precoder cycling (TDM for 2 DMRS ports, single layer)

Opt. 2: 3-symbol based precoder cycling (TDM for 2 DMRS ports, single layer)

Opt. 3: symbol based precoder cycling (CDM for 2 DMRS ports, single layer)

Opt. 4: Single layer CDD (Single port DMRS) 
The LLS evaluation assumptions for DMRS in [2] are reused for the evaluation of PSSCH with TxD scheme as follows: 
•
Transmissions in a single TTI (i.e., no HARQ retransmission). 

•
Baseline: QPSK with coding rate of 0.5

•
Optional: QPSK with coding rate of 0.7, 16QAM with coding rate 0.5 

•
Frequency error: Baseline is to evaluate both {Case 1+Case B} and {Case 2+Case A}. Other cases can be considered, e.g., based on RAN4 feedback.

•
Case 1: The extreme case should be assumed, i.e., +0.1 PPM for TX and -0.1 PPM for RX w.r.t. UE’s sync reference. 

•
Performance in Case 1 is to check whether the system can work in the extreme case.

•
Case 2: Frequency error in each UE is uniformly distributed [-0.1, 0.1] PPM w.r.t. UE’s sync reference.

•
Frequency error between sync references of TX and RX:

•
Case A: 0 error (i.e., the same reference)

•
Case B: The extreme case should be assumed, i.e., +0.05 PPM for TX’s reference and -0.05 PPM for RX’s reference w.r.t. the absolute frequency.

•
Companies should describe the receiver algorithm of the evaluated options.
For the velocity’s speed, we can consider 15km/h and 250km/h to represent the extreme low and high speed. Also, data can be assumed to be 190 and 300 bytes, simply.
Proposal 5: The LLS evaluation assumptions of V2V are reused for TxD evaluation in Rel-15 PC5 operation.
Proposal 6: Specific options for TxD schemes in evaluation are determined in RAN1#88bis meeting.
7. Conclusion
This contribution discussed TxD for PC5 operation. Based on the discussion, the following observations and proposals were made:
Proposal 1:  single layer transmit diversity scheme is considered for Rel-15 PC5 based V2X.
Proposal 2: Symbol (or symbol group) based or slot based precoder cycling, and single layer CDD (or CDD without layer permutation if multi-layer diversity scheme is supported) are considered as potential enhancement of TxD scheme for Rel-15 PC5-based V2X.
Proposal 3: Considering sensing operation of Rel-14 UE, the location of legacy DMRS should be maintained as #2#5#8#11. 

Observation 1: Slot based precoder cycling and single layer CDD have no impact on PSSCH RSRP measurement for Rel-14 UE. 

Observation 2: Single layer CDD has no impact on data demodulation for Rel-14 UE.  

Observation 3: SFBC in Rel-15 PC5 operation has the difficulty of paired data mapping on the neighbored frequency resource for low PAPR, which would degrade the performance.

Observation 4:  STBC in Rel-15 PC5 operation has the difficulty of paired data mapping on the neighbored time resource for legacy DMRS mapping, which would degrade the performance.

Observation 5: STBC in Rel-15 PC5 operation has non-orthogonality between paired data from UE’s mobility, which would degrade the performance.
Proposal 4: SFBC and STBC are not considered for Rel-15 PC5 operation. 

Proposal 5: The LLS evaluation assumptions of V2V are reused for TxD evaluation in Rel-15 PC5 operation.
Proposal 6: Specific options for TxD schemes in evaluation are determined in RAN1#88bis meeting.
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