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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 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
Additionally, the following was agreed regarding DMRS design when transmit diversity is applied.
Agreement:
· When only one antenna port is applied, legacy DMRS pattern is reused.
· For the case that more than one antenna port is applied, the time location of DMRS is the same as Rel-14.
· Channel estimation and demodulation details should be provided by proponents
· There should be analysis on impact to Rel-14 UE provided following with evaluation assumption and link and/or system simulations, including interference increase of Rel-15 UEs over Rel-14 UEs 
· Details FFS 
Moreover, 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#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
In RAN1#92, no further agreement was achieved.

Moreover, RAN4 has provided the response to RAN1’s LS in R1-1801310 (R4-1713925) [6]. Particularly, they have evaluated the impacts of two-port DMRS design on PSSCH-RSRP measurement accuracy of Rel-14 UEs.
In this contribution, we will discuss DMRS design for PSSCH transmissions using two-port TxD schemes. Discussions on TxD schemes are presented in our companion contribution [7].
DMRS design principle for two-port PSSCH
As a companion contribution, we discuss the potential TxD solution in [7], where we propose to confirm the working assumption that if two-port non-transparent transmit diversity is used for PSSCH, Alamouti SFBC is the used diversity scheme. Since Alamouti SFBC is a type of two-port transmission schemes, in the following we will discuss two-port DMRS design.
For two-port PSSCH transmission, DMRS structure should be designed such that the channels for the two antenna ports can be estimated separately. In this regard, it has been agreed in RAN1#88bis that for the case that more than one antenna port is applied, the time location of DMRS is the same as Rel-14. In addition to the agreement, from our perspective, the DMRS design should fulfil the following four targets: 
· Target 1: A Rel-15 receiver is able to separate and estimate the channels from the two antenna ports respectively.
· Target 2: A Rel-14 receiver can still measure PSSCH-RSRP using DMRS without significant performance loss. 
· Target 3: Low CM characteristics are maintained for transmitting DMRS symbols. 
· Target 4: Channel estimation performance of a legacy Rel-14 UE will not be degraded.
Proposed DMRS structure
In our previous contribution [8], we have observed that in general a CDM way of DMRS multiplexing for the two ports is more efficient compared to an FDM way in terms of the four targets above. Moreover, it has been observed in [6] that if Rel-15 two-port PSSCH DMRS does not include legacy Rel-14 DMRS sequence, certain Rel-14 UE implementation may obtain inaccurate PSSCH-RSRP measurements. Hence, in the following, we will present two CDM based DMRS alternatives that include legacy Rel-14 DMRS sequence.
[bookmark: _GoBack]Alternative 1: Two DMRS sequences for the two antenna ports are generated from different cyclic shifts of the same base sequence, where one of them is selected in the same way as in legacy Rel-14. The legacy Rel-14 DMRS sequence is applied to the two antenna ports in turn on the four DMRS symbols within a subframe.
In this alternative, the DMRS sequence for one of the antenna ports is generated in the same way as that in legacy Rel-14, while the DMRS sequence for the other antenna port uses a different cyclic shift. To ensure that both TX antennas contribute to the RSRP measurement, the legacy sequence is alternately applied to the two antenna ports over the four DMRS symbols within a subframe. Moreover, in Rel-14, the potential cyclic shift value is within the range [0,7]. To further increase the number of orthogonal RS sequences generated from different cyclic shifts, we consider [0,11] as the range of the cyclic shift value for the non-legacy antenna port.
With alternative 1, the channels from the two antenna ports can be estimated separately by a Rel-15 receiver due to the orthogonality between the two DMRS sequences, which satisfies target 1. Also, it is clear that the CM characteristics of both DMRS ports will be the same with legacy Rel-14 single-port DMRS, which satisfies target 3. Additionally, the performance of channel estimation for demodulation of Rel-14 is not affected since the DMRS sequences are orthogonal.
Regarding the performance of PSSCH-RSRP measurement, RAN4 has evaluated the impacts when using alternative-1-like DMRS design. Based on the evaluations, Rel-14 UE PSSCH-RSRP accuracy will degrade:
· For one type of PSSCH-RSRP measurement algorithm:
· -3 dB RSRP power offset will be observed comparing to the total RX power from the two DMRS APs.
· Almost no RSRP bias will be observed comparing to the RSRP from one antenna port.
· The variance of RSRP estimates may increase due to presence of interference from the second DMRS AP. Based on observation from some companies, the increase is limited.
· For a certain Rel-14 V2X UE implementation, it is observed that PSSCH-RSRP measurement is significantly impacted.
In our view, the current RAN1 agreements on the design of a transmit diversity solution are sufficient to address the PSSCH-RSRP issue above. More specifically, transmit diversity will not be used “When there is a high probability of resource collision with Rel-14 UEs”. We propose in [7] one such solution that can be configured to avoid collisions with Rel-14 UEs altogether. We note also that resource reselection includes two steps for avoiding collisions: reading the SCI+RSRP measurements and enegery sensing. If a Rel-14 V2X fails to detect a transmission due to a certain implementation, the energy sensing step (based on PSSCH-RSSI measurements) will avoid collisions. 
As we have discussed in our companion contributions [7][8], there are indeed many scenarios where Rel-15 UEs will not interfere Rel-14 UEs much, e.g., when the load of Rel-14 UEs is low. In these situations, non-transparent diversity scheme can still be applied to Rel-15 UEs for supporting more advanced use cases. 
Observation 1:
· Non-transparent transmit diversity schemes is beneficial for Rel-15 UEs in many scenarios.
Observation 2:
· Step 3 in the resource (re)selection algorithm ensures that resources with erroneous RSRP-measurements (if any) due to a certain implementation are not selected.

Observation 3:
· For alternative 1, i.e., using one legacy DMRS sequence for one antenna port and a cyclic-shifted version of that sequence for the other port, and the legacy sequence is alternately applied to the two antenna ports over the four DMRS symbols:
· Channel estimation for Rel-15 Alamouti SFBC-based PSSCH transmissions is supported.
· RSRP measurements are reduced by 3 dB for at least some implementations.
· CM does not change.
· Channel estimation performance of legacy Rel-14 UEs will not be degraded.
In the following, we propose an alternarive DMRS structure that enables an efficient Release-15 IRC receiver implementation.
Alternative 2: two DMRS sequences for the two antenna ports are generated from a single legacy Rel-14 DMRS sequence. One of them is selected in the same way as in legacy Rel-14. The second one is generated by applying Alamouti SFBC precoding to the first one. The legacy Rel-14 DMRS sequence is alternatively applied to the two antenna ports over the four DMRS symbols within a subframe.
In this alternative, the DMRS sequence for one of the antenna ports is generated in the same way as that in legacy Rel-14, while the DMRS sequence for the other antenna port is generated from the Alamouti SFBC processing outcome of the first one. Alternative 2 is illustrated in Figure 1. To ensure that both TX antennas contribute to the RSRP measurement, the legacy sequence is alternately applied to the two antenna ports over the four DMRS symbols within a subframe. 
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[bookmark: _Ref494108592]Figure 1 Illustration of alternative 2 DMRS structure
With alternative 2, the channels from the two antenna ports can be estimated separately by a Rel-15 receiver due to the orthogonality between the two DMRS sequences, which satisfies target 1. Regarding CM analysis, it is clear that CM of the first-port DMRS sequence will be kept the same with that of a single-port DMRS, i.e., legacy Rel-14 DMRS. On the other hand, compared to single-port DMRS, there will be a small CM increase for the second-port DMRS sequence due to the SFBC processing. Based on the simulation evaluations given in Section 4, the CM increase will be less than 1.4dB for all the considered scenarios (i.e., different PSSCH bandwidth). Similar CM evaluation results can be found in [9] for SFBC-based data transmission. Moreover, as stated in [10], “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 alternative 2 is in general not significant and in practice is mostly compensated by the power reduction of two-antenna transmission
Additionally, the performance of channel estimation for demodulation of Rel-14 is not affected since the DMRS sequences are orthogonal.
Regarding PSSCH-RSRP measurement performance using legacy procedure, RAN4 has not evaluated the impacts when using alternative-2 DMRS design. However, we expect that the impacts of using alternative-2 DMRS will be similar with that of using alternative-1-like DMRS.
Finally, alternative 2 has the special property that both DMRS symbols and payload symbols have the same covariance matrix of interference plus noise. This property can be used for implementing an efficient Release-15 MMSE-IRC receiver that processes the channel outputs in groups of two RX antennas and two subcarriers (i.e., the pair of subcarriers used in SFBC) [11]. In this way, the received signal space has dimension 4 and allows for MMSE-IRC decoding of a desired signal consisting of two streams in the presence of a strong interferer with two streams. We describe the receiver in detail in Appendix A.
Observation 4:
· For alternative 2, i.e., using one legacy DMRS sequence for one antenna port and an Alamouti SFBC-precoded version of that sequence for the other port, and the legacy sequence is alternately applied to the two antenna ports over the four DMRS symbols:
· Channel estimation for Rel-15 Alamouti SFBC-based PSSCH transmissions is supported.
· RSRP measurements are reduced by 3 dB for at least some implementations.
· Minor CM increase.
· Channel estimation performance of legacy Rel-14 UEs will not be degraded.
· [bookmark: _Hlk506303846]Allows for simple and more efficient implementation of MMSE-IRC.
Based on the analysis above, we propose the following.
Proposal 1: 
· CDM-based two-port PSSCH DMRS structure is used to support Alamouti SFBC-based PSSCH transmission:
· The first DMRS sequence is the Release 14 sequence.
· The second DMRS sequence is obtained by applying SFBC precoding to the first sequence
· The sequences are alternatively applied to the two antenna ports over the for DMRS symbols within a subframe.
Regarding the 3 dB loss in RSRP measurements, we propose a compensation for Rel-15 UEs in [7].
Evaluation of CM characteristics for DMRS
Clearly, for alternative 1, the CM characteristics of both DMRS ports will be the same with legacy Rel-14 single-port DMRS. For alternative 2, CM of the first-port DMRS sequence will be the same with that of a single-port legacy Rel-14 DMRS. Hence, in the following, we will evaluate CM properties of the second-port DMRS sequence in alternative 2. To do that, we simulate CM for DMRS symbols based on the CM calculation given in [11]. Note that the offset value 0.77 dB in [11] accounting for bandwidth change is not considered, since our focus is on CM increase compared to single-port DMRS.
Simulation results are presented in Figure 2 to plot the CM increase of the second-port DMRS in alternative 2 compared to a single-port legacy Rel-14 DMRS, where the 3dB PSD boosting of PSCCH over PSSCH is considered. Here CDFs of CM are obtained by iterating over DMRS sequences with different cyclic shifts and with different root indexes of the involved Zadoff-Chu sequences. As shown by the results, the CM increase is not significant, i.e., less than 1.4dB for all the considered scenarios with different PSSCH bandwidth.
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[bookmark: _Ref494108627]Figure 2 CDF of CM increase for the second-port DMRS in alternative 2
Conclusion 
In this contribution, we have discussed some potential two-port DMRS designs for Rel-15 two-port PSSCH transmissions. We have the following observations.
Observation 1:
· Non-transparent transmit diversity schemes is beneficial for Rel-15 UEs in many scenarios.
Observation 2:
· Step 3 in the resource (re)selection algorithm ensures that resources with erroneous RSRP-measurements (if any) due to a certain implementation are not selected.
Observation 3:
· For alternative 1, i.e., using one legacy DMRS sequence for one antenna port and a cyclic-shifted version of that sequence for the other port, and the legacy sequence is alternately applied to the two antenna ports over the four DMRS symbols:
· Channel estimation for Rel-15 Alamouti SFBC-based PSSCH transmissions is supported.
· RSRP measurements are reduced by 3 dB for at least some implementations.
· CM does not change.
· Channel estimation performance of legacy Rel-14 UEs will not be degraded.
Observation 4:
· For alternative 2, i.e., using one legacy DMRS sequence for one antenna port and an Alamouti SFBC-precoded version of that sequence for the other port, and the legacy sequence is alternately applied to the two antenna ports over the four DMRS symbols:
· Channel estimation for Rel-15 Alamouti SFBC-based PSSCH transmissions is supported.
· RSRP measurements are reduced by 3 dB for at least some implementations.
· Minor CM increase.
· Channel estimation performance of legacy Rel-14 UEs will not be degraded.
· Allows for simple and more efficient implementation of MMSE-IRC.
Proposal 1: 
· CDM-based two-port PSSCH DMRS structure is used to support Alamouti SFBC-based PSSCH transmission:
· The first DMRS sequence is the Release 14 sequence.
· The second DMRS sequence is obtained by applying SFBC precoding to the first sequence
· The sequences are alternatively applied to the two antenna ports over the for DMRS symbols within a subframe.
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Appendix A: IRC processing with DMRS structure alternative 2
Figure 3 illustrates a combination of the proposed DMRS structure alternative 2 and an RS-based IRC receiver.
[image: ]
[bookmark: _Ref494108655]Figure 3 Illustration of DMRS alternative 2 combined with IRC receiver
As shown in Figure 3, transmitter A is the desired transmitter and transmitter B is the co-channel interference source. To show the proof, we assume that both transmitters are Rel-15 UEs using SFBC diversity scheme. In this way, the received signal at a pair of SFBC subcarriers at the receiver can be expressed as
         (1)
Note that DMRS transmission is given as an example in (1). Nevertheless, (1) can be applied to both data transmission and DMRS transmission. This implies that data and DMRS transmissions experience the same covariance matrix of interference plus noise. Hence, DMRS can be used to estimate the covariance matrix of interference plus noise needed in MMSE IRC receiver for decoding data.
To implement MMSE IRC receiver, the receiver weight matrix is given as
                                 (2)
where  is defined as the covariance matrix of interference plus noise, and . Note that the 4 by 4 matrix  has rank 2, which provides enough degree of freedom at the receiver to both decode the desired data from transmitter A and supress the interference from transmitter B.
In RS-based MMSE IRC receiver, both  and  are estimated from RS. More specifically, from (1), we see that the desired channel , which includes four unknown variables, can be estimated by the received signal  and the known DMRS  using for instance least squares estimation, which is given as
                      (3) 
In this way, the stacked channel estimate matrix  becomes
                             (4)
The expression in (3) is just an example of channel estimation methods, which can be further filtered across frequency and/or time (according to the coherence bandwidth and time of the channel) in order to attain a processing gain and produce a more accurate channel estimate .
Moreover, the covariance matrix of interference plus noise can be estimated as
            (5)
where  represents the expectation, i.e., the average, over all the DMRS positions that experience the same of similar covariance matrix of interference plus noise, and 
                                                                     (6)
is the estimated interference plus noise at the receiver. 
For easier explanation, here we only consider two adjacent DMRS positions (i.e., a pair of SFBC subcarriers) at the receiver in eq.(1). In fact, the same idea can be applied to all the RS positons. Then  in (6) can be calculated correspondingly for different DMRS positions and different DMRS sequences. In this way, a set of  values can contribute to the calculation of the expectation in (5).
Then,  can be used by an IRC receiver to decode data transmission and we have
                                                    (7)
where  is the decoded data symbol on the considered REs,  and  are obtained from (4) and (5) respectively, and  is the received signal vector on the considered REs. 
The example in Figure 3 and the analysis above demonstrate the important advantage of combining DMRS structure alternative 2 and an IRC receiver. Indeed, by alternative 2, we can achieve that 
1) data transmission and DMRS transmission experience the same covariance matrix of interference plus noise;
2)  is not full rank, which provides enough degree of freedom for an efficient IRC.
In the above example, we assume that both transmitters A and B are Rel-15 UEs using SFBC. Actually, the whole receiver processing and mathematical proof are still valid if either one of the two transmitters or both of the two transmitters are Rel-14 UEs. In this case, the legacy Rel-14 DMRS structure will be applied to a Rel-14 UE.
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