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Agreement in RAN1 #88bis:
· Applied method on “Orphan” symbol issue in STBC should be provided if STBC is applied
· Precoding details of PVS should be illustrated following with evaluation results
· 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 
Note: Legacy DMRS pattern includes Rel-14 DMRS time-frequency location, sequence, cyclic shift and single antenna port

Working Assumption (may be revisited based on RAN4 response) in RAN1 #90:
· 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

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 transmit diversity support in PC5 based V2X.  
Discussion
When two-port non-transparent transmit diversity is supported, PSSCH DMRS should have two ports. Two options can be considered, 
Option 1) CDMed two-port DMRS by cyclic shift differentiation for different port
Option 2) FDMed two-port DMRS by comb index differentiation for different port. Rel. 14 DMRS sequence is split into two parts that are transmitted in FDM manner.
In option 1, PSSCH-RSRP measurement for rel. 14 UE is degraded by 3dB, but in option 2, the degradation of PSSCH-RSRP to rel. 14 UE is marginal. This is the motivation introducing option 2 as potential scheme. However, in option 2, the punctured ZC sequence is used for the channel estimation of each antenna port and it will cause degraded channel estimation performance because the punctured ZC has worse CM property compared with legacy full length ZC sequence and may lose orthogonality between different CS. It is desirable to maximize the gain of TxD (if supported) and thus option 1 is preferred.
Proposal 1: For non-transparent TxD scheme, CDMed two port DMRS by cyclic shift is supported. 
When non transparent TxD scheme such as SFBC is supported, PSSCH-RSRP measurement for Rel. 15 UE should be clarified. From Rel. 15 UE point of view, if TxD is used (as indicated by the PSCCH), we can consider whether to measure the single port RSRP and then give 3dB bias, or to measure the two port RSRP and combine them.
Proposal 2: When TxD is used, PSSCH RSRP measurement should be clarified. 
For PSCCH, small delay CDD can be used. Considering the multicast property of V2X, it is very difficult to determine the optimal delay value of small delay CDD. This is because the optimal delay value for a particular UE may not be optimal for other UEs. Also, the optimal delay value will be determined by the relative speed between the UEs, delay spread, etc., and it is almost impossible to optimize the values ​​considering the situation of all UEs. Therefore, the delay value of the small delay CDD shall be determined by UE implementation and no specification work is required.
Proposal 3: For small delay CDD, no specification work is required. 
When a non-transparent TxD scheme is introduced in V2X Phase 2, its usage need to be carefully considered from the perspective of destination UE and the system level performance. 
Rel-15 UEs should not transmit messages using a non-transparent TxD scheme if the messages need to be received by Rel-14 UEs. Thus, from the radio layer perspective, a method needs to be defined in order to figure out which messages need to be delivered to Rel-14 UE. There is similar issue in 64QAM support. As described in [1], upper layer provides the information on whether TxD is allowed with every packet. Details can be discussed on RAN2.
In different with 64QAM, the usage of TxD may have impact on Rel-14 UE’s reception performance. Rel-15 UEs should not use a non-transparent TxD scheme if system level performance is expected to be degraded. To be specific, using a non-transparent TxD scheme is not desirable in a congested situation because it degrades the reception performance when time/frequency resources are overlapped by different UEs (e.g.,  MU-MIMO-like reception of two UE’s transmissions at the receiver or single layer reception using interference suppression receiver). In order to address this case, CBR can be considered as one criterion of the use of a non-transparent TxD scheme. In addition to CBR measurement, a release specific or technology specific congestion level measurement can be considered. For example, a number or a portion of decoded PSCCH indicating Rel-14 UE (i.e. setting all zeros for reserved bits) within a certain time window can be used to estimate the portion of Rel-14 UEs around a Rel-15 UE. This measurement can be reported to upper layer, and the upper layer can determine whether TxD is allowed or not with consideration message type. 
Considering these issues, if a non-transparent TxD scheme is supported, its usage should be limited to the scenarios where obvious usefulness and performance gain is expected.
Proposal 4: If a non-transparent TxD scheme is supported in PC5 operation, a mechanism is needed to define in which condition such TxD scheme can be used. The mechanism should ensure that such TxD scheme is used only when the message targets only Rel-15 UEs and the congestion level is low enough.

Conclusion
This contribution discussed on issues to support TxD in V2X Phase 2. The discussions can be summarized as follows:
Proposal 1: For non-transparent TxD scheme, CDMed two port DMRS by cyclic shift is supported.
Proposal 2: When TxD is used, PSSCH RSRP measurement should be clarified. 
Proposal 3: For small delay CDD, no specification work is required. 
Proposal 4: If a non-transparent TxD scheme is supported in PC5 operation, a mechanism is needed to define in which condition such TxD scheme can be used. The mechanism should ensure that such TxD scheme is used only when the message targets only Rel-15 UEs and the congestion level is low enough.
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