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Introduction
RAN plenary #75 approved a work item [1] for 3GPP V2X Phase 2 to support advanced V2X services as identified in SA1 TR 22.886. The following topic is a part of the detailed objectives of this work item:
1. 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 work item, no new numerology, waveform, and channel coding will be considered.
Then, in RAN1#88bis, transmit diversity was discussed and candidate TxD schemes for PSSCH and PSCCH transmissions were agreed as follows [2].
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
Then, in RAN1#89 [3], the following was agreed.
Agreement: 
· Legacy Rel-14 DMRS pattern with single antenna port, including time-frequency location, sequence, and cyclic shift, is applied to PSCCH transmission.
In RAN1#90 [4], the following working assumptions were summarized from offline discussions. 

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#90bits [5], the following was agreed.
Agreement:
· For PSCCH, small delay CDD can be used on PSCCH
· FFS whether the cyclic delay value is specified or left for UE implementation

In this contribution, we discuss the cyclic delay value of CDD scheme applied to PSCCH transmission and the transmit diversity scheme applied to PSSCH transmission. The associated DMRS design for the two-port transmit diversity is discussed in our companion contribution [6].
Cyclic delay value of CDD in PSCCH transmission
It has been agreed in RAN1#90bits that small delay CDD can be used on PSCCH. On the other hand, whether or not to specify the cyclic delay value is left for further study.
CDD scheme transforms spatial diversity into frequency diversity by multiplying the frequency domain data symbols with a linear increasing phase factor that depends on the cyclic delay, as shown in Figure 1. The phase-rotation precoder consists of multiplying the frequency-domain signal by a term , where  is the subcarrier index,  is the FFT size, and  is the cyclic delay value in time. The selection of  is a trade-off between the improved frequency selectivity and the performance of channel estimation. On one hand,  should not be too large so that the one-port DMRS of PSCCH is still valid and the corresponding channel estimation will not be degraded significantly; on the other hand,   should not be too small so that enough frequency selectivity can be added. In addition, an appropriate value of  also depends on the delay spread of the physical channel. Hence, we think that the exact value of  should be left for UE implementation, which can bring flexibility according to physical channel conditions. However, an upper bound of  should be pre-configured such that the performance of channel estimation will not be degraded significantly; and a lower bound of  should be pre-configured such that the diversity gain introduced by frequency selectivity is still at a decent level.
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[bookmark: _Ref477772686]Figure 1. Frequency implementation of transparent CDD
Proposal 1: 
· For PSCCH, the cyclic delay value applied to small delay CDD is left for UE implementation. However, an upper bound and a lower bound of the used cyclic delay value are pre-configured.
· FFS how to select the upper bound and lower bound.
Transmit diversity for PSSCH transmission
For PSSCH transmission, the target is to provide as much diversity as possible for Rel-15 UEs in order to improve transmission reliability. For this purpose, several transmit diversity schemes, including small delay CDD, PVS in time domain, Alamouti STBC, and Alamouti SFBC were presented. Note that small delay CDD is employed today in test products to improve reliability [8]. We think that LTE-V2X Release 15 should go one step beyond and extract all the available diversity in the channel, improving upon CDD. To this end, the different Alamouti schemes show the best performance as shown both in link level and system level simulations [9]-[12]. Moreover, for high mobility, e.g., a relative speed up to 500km/h, only the Alamouti schemes provide acceptable performance [11][13].
Based on various simulation results, the two Alamouti schemes, i.e., Alamouti STBC and Alamouti SFBC, are considered as promising candidates for PSSCH transmission. Alamouti STBC scheme is shown in Figure 2, where the two paired symbols can be either adjacent or non-adjacent in a subframe as illustrated in Figure 3.
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[bookmark: _Ref489963532]Figure 2. Alamouti STBC
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[bookmark: _Ref489963604]Figure 3. Paired STBC symbols in a subframe: (a) pairing of adjacent symbols; (b) pairing of non-adjacent symbols
Alamouti SFBC scheme is shown in Figure 4. In conventional Alamouti SFBC, two adjacent subcarrier are used as the paired SFBC subcarriers, which may lead to slightly increased CM/PAPR characteristics, e.g., roughly 1dB [14]. Nevertheless, as already stated in [15], it should be noted that difference in CM of TxD schemes with respect to the single antenna port does not give a full picture, given that if multiple antenna ports are used the max transmit power per antenna port is scaled down by X dB, where X = 3dB for the case of two TX antennas. Hence, in case of TxD scheme with two antenna ports, the transmit power per antenna port is 3dB less with respect to single antenna port that can relax CM requirements. Hence, the CM increase of SFBC is in general not significant and can probably be compensated in practice by the power reduction of the two-antenna transmission.
On the other hand, a variant of SFBC has also been proposed in [16], where Alamouti precoded symbols are mapped onto non-adjacent subcarriers in such a way that CM/PAPR is preserved compared to single antenna port. The comparison between different variants of Alamouti SFBC schemes needs further studies under the consideration of different channel bandwidth and different channel conditions (e.g., different delay spreads).
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[bookmark: _Ref489963658]Figure 4. Alamouti SFBC
One desirable property of the transmit diversity scheme is that it allows for simple and efficient implementations of advanced receivers. Alamouti SFBC, together with the DMRS structure proposed in [6], allows for simple implementation of the MMSE-IRC receiver in the following way:
· Joint decoding of two RX antennas and two subcarriers (i.e., the pair of subcarriers used in SFBC).
· Covariance matrix estimation (interference plus noise) using DMRS symbols.
Such a receiver operates in a 4-dimensional signal space. Consequently, it can decode a two-layer transmission while rejecting a two-layer interferer. Details of the RX are presented in [6].
Proposal 2: 
· Alamouti SFBC is used for two-port non-transparent transmit diversity for PSSCH.
Restrictions on the use of transmit diversity
As captured above, RAN1 has agreed on restricting the utilization of transmit diversity in two cases:
· When communicating with Rel-14 UEs
· When there is a high probability of resource collision with Rel-14 UEs
In our understanding, the correct choice of transmit diversity scheme when communicating a packet to Rel-14 UEs should proceed as follows: 
· Higher layers (RAN2) are aware of the service associated with the packet (though L2 destination id).
· Higher layers (RAN2) select carrier, pool, transmission parameters, etc. that are compatible with the service associated with the packet. For example, higher layers would not select non-transparent for a service that should be received by Rel-14 UEs (e.g., safety).
· The PHY layer encodes the TB using the parameters received from higher layers and transmits the packet on the carrier selected by higher layer.
Observation 1:
· In the current framework, higher layers select transmission parameters that are compatible with the service associated with a packet.
Proposal 3:
· Transmit diversity scheme is selected by higher layers based on service requirements and constraints.
In contrast, we believe that the PHY layer should be responsible for applying further restrictions under high load of Rel-14 UEs. We think that the restrictions should be applied independently on each transmission pool. In our opinion, a simple (pre)configurable threshold is sufficient.
Proposal 4:
· The use of two-port non-transparent transmit diversity for PSSCH depends on the CBR value.
· A single, per-pool, (pre)configurable threshold T is introduced. Two-port non-transparent transmit diversity for PSSCH may only be used on that pool if T ≥ CBR.
· Other restrictions at PHY level are FFS.
Conclusion 
In this contribution, we have discussed the cyclic delay value of CDD scheme applied to PSCCH transmission and the transmit diversity scheme applied to PSSCH transmission. We have observed and proposed the following:
Proposal 1: 
· For PSCCH, the cyclic delay value applied to small delay CDD is left for UE implementation. However, an upper bound and a lower bound of the used cyclic delay value are pre-configured.
· FFS how to select the upper bound and lower bound.
Proposal 2: 
· Alamouti SFBC is used for two-port non-transparent transmit diversity for PSSCH.
Observation 1:
· In the current framework, higher layers select transmission parameters that are compatible with the service associated with a packet.
Proposal 3:
· Transmit diversity scheme is selected by higher layers based on service requirements and constraints.
Proposal 4:
· The use of two-port non-transparent transmit diversity for PSSCH depends on the CBR value.
· A single, per-pool, (pre)configurable threshold T is introduced. Two-port non-transparent transmit diversity for PSSCH may only be used on that pool if T ≥ CBR.
· Other restrictions at PHY level are FFS.
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