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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#89 [2], 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 [3], 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#90bis [4], 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 RAN1#91 [5], the following was agreed.
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)
Note: Companies are encouraged to perform evaluations for the above options
Moreover, RAN4 has provided the response to RAN1’s LS in R1-1801310 (R4-1713925) [6]. In particular, they have evaluated the MPR for Rel-15 UEs and evaluated the impacts on the receiver performance of Rel-14 UEs in the presence of single-port or multi-port interferer(s). 

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 [7]. Evaluation results are provided in [8].
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.
Transmit diversity for PSSCH transmission
Existing prototypes of DSRC use CDD to improve reliability [9]. We think that LTE-V2X Release 15 should go one step beyond and extract all the available diversity in the channel, improving upon CDD. 
As agreed in RAN1#91, Alamouti SFBC-based scheme is the current working assumption. As illustrated in Figure 2, in conventional Alamouti SFBC, two adjacent subcarriers are used as the paired SFBC subcarriers, which may lead to slightly increased CM/PAPR characteristics. Nevertheless, according to RAN4’s response [6], up to 0.5dB MPR increase is expected if SFBC is implemented. Hence, the CM increase of SFBC is not significant and will not be a problem.
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[bookmark: _Ref489963658]Figure 2. Alamouti SFBC
Some companies have shown concerns about the impacts of non-transparent diversity scheme on the demodulation performance of Rel-14 UEs, i.e., the receiver performance may be different in the a) presence of single-port interfere(s) and b) presence of two-port interferer(s) with diversity scheme. According to RAN4’s responses in [6], for LMMSE-MRC receiver, the two-port non-transparent transmit diversity interfering transmissions have almost same impact as Rel-14 single-port interfering transmissions on receiving performance of Rel-14 UEs. On the other hand, for LMMSE-IRC receiver, the performance difference between single-port and two-port interferers depends on the propagation conditions and the following results were observed.
· For low relative UE speed scenarios (~30km/h), the performance impact is as follows:
· For the case of single dominant interferer signal the performance loss is from 0.1 dB for low INR = 0 dB and is in the range from 3.2 to 4.5 dB for high INR up to 15 dB.
· For the case of two dominant interferer signals the performance loss is from 0 dB for low INR = 0 dB and is in the range from 1.0dB to 1.9 dB for high INR up to 15 dB.
· For high relative UE speed scenarios (~280km/h), the performance impact is generally less than 0.5 dB for all scenarios. 
From the RAN4 response, we can conclude that the minimum performance requirements which are met by MRC receivers are not affected. To mitigate the loss for advanced receivers, we discuss the use of restrictions in the next section.
In [7] we present a DMRS structure that allows for a simply modified LMMSE-IRC receiver implementation for Release 15 UEs based on: 
· 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.
Proposal 2: 
· Confirm the working assumption: SFBC is used for two-port non-transparent transmit diversity.
[bookmark: _Ref506293411]Restrictions on the use of transmit diversity
As captured above, RAN1 has agreed on restricting the utilization of non-transparent 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 choice of transmit diversity scheme depends on two aspects [10]:
· Higher layers (RAN2) are aware of the service associated with the packet and whether transmit diversity is supported for that packet.
· The PHY layer encodes the TB using transmit diversity if it is supported by the service and there are no further restrictions on the use of transmit diversity. 
· One TB may contain data from multiple LCIDs but all belonging to the same service. 
[bookmark: _Hlk506469250]Observation 1:
· Higher layers are aware of the V2X service associated with a packet and whether transmit diversity is supported for that packet or not.
Proposal 3:
· PHY uses transmit diversity for encoding a TB if the following two conditions hold:
· The service associated with the TB allows the use of transmit diversity.
· There are no PHY-layer restrictions on the use of transmit diversity.
As per current agreements, the PHY layer should be responsible for applying further restrictions under high load of Rel-14 UEs or high probability of resource collision with Rel-14 UEs. In our view, there are two possible ways to implement such restrictions:
· CBR thresholds. Transmit diversity is allowed only when the measured CBR in a pool is below a certain threshold. 
· Comparing the amount of resources containing decoded Rel-14 transmissions to the total number of available resources.
The first option cannot discriminate between Rel-14 and Rel-15 transmissions. In contrast, the second approach follows closely the existing RAN1 agreement. 
Proposal 4:
· Transmit diversity for PSSCH shall not be used if the ratio of resources containing decoded Rel-14 transmissions to the total number of resources is above a (pre-)configured threshold for that pool.
· Setting the threshold to 0 prevents altogether the use of transmission diversity in the pool.
Impact on sensing
As described by RAN4 in [6], the RSRP measurements performed on transmissions using diversity may show a 3 dB loss compared to those performed on signals transmitted without diversity. We believe that giving the same importance to both types of signals is beneficial in terms of coexistence.  
Proposal 5:
· RSRP measurements on transmissions diversity are increased by 3 dB.
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.
Proposal 2: 
· Confirm the working assumption: SFBC is used for two-port non-transparent transmit diversity.
Observation 1:
· Higher layers are aware of the V2X service associated with a packet and whether transmit diversity is supported for that packet or not.
Proposal 3:
· PHY uses transmit diversity for encoding a TB if the following two conditions hold:
· The service associated with the TB allows the use of transmit diversity.
· There are no PHY-layer restrictions on the use of transmit diversity.
Proposal 4:
· Transmit diversity for PSSCH shall not be used if the ratio of resources containing decoded Rel-14 transmissions to the total number of resources is above a (pre-)configured threshold for that pool.
· Setting the threshold to 0 prevents altogether the use of transmission diversity in the pool.
Proposal 5:
· RSRP measurements on transmissions diversity are increased by 3 dB.
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