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Introduction
In 3GPP TSG RAN Meeting #75, the WI on 3GPP V2X phase 2 was endorsed with one of objectives related to RAN1as below [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]


The following working assumptions was made in RAN1 #90[2]:
	· 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, the following agreement was made [3]
	Agreement:
· For PSCCH, small delay CDD can be used on PSCCH
· FFS whether the cyclic delay value is specified or left for UE implementation


[bookmark: _GoBack]In this contribution, we present our views on the transmit diversity schemes for PSSCH channel and also the related control signalling.
Discussion on transmit diversity for PSSCH
For PSCCH channel, it has been agreed that small delay CDD (cyclic delay diversity) can be used per UE’s implementation. There has been an on-going discussion on whether non-transparent transmit diversity scheme shall be specified for PSSCH or not. Candidates of non-transparent transmit diversity schemes include 2-port SFBC (space frequency block coding) and STBC (space time block coding). Transparent transmit diversity scheme can be any transmit scheme per UE implementation without the need of any specification supporting. One example can be small delay CDD. 
Various evaluation results has shown the link performance improvement from SFBC or STBC. However, technical concerns are raised for them. One concern is the performance degradation in the scenario of one dominant strong interferer. The transmit scheme like SFBC or STBC basically change the transmission from single stream to a double-stream, which impair the interference reduction capability of receiver. The non-transparent transmit diversity schemes need a two-port DMRS transmission for PSSCH and thus another technical concern is the impact of two-port DMRS design on the PSSCH-RSRP measurement accuracy of legacy rel-14 UEs.
With considering all the technical concerns on non-transparent transmit scheme, in our view, transparent transmit diversity shall be used for PSSCH in rel15. One example scheme is the small delay CDD, as we have agreed that small delay CDD can be used on PSCCH. With transparent scheme, the DMRS design in rel14 can be re-used here without any updates and the receiver is not needed to be aware of what transmit scheme is used at transmitter side. The implementation of small delay CDD can be up to UE’s implementation. 
Proposal 1: For PSSCH, transparent transmit diversity scheme shall be used and one example scheme is small delay CDD. 
Discussion on configuration for small delay CDD
In small delay CDD, the transmitter implements a cyclic delay on the second transmit chain to introduce some delay diversity, as shown in Figure 1. The key implementation of small CDD is the choice of this cyclic delay value. 
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Figure 1
There are a few alternatives regarding how to specify the cyclic delay value. Alt#1 is that the cyclic shift value is up to UE’s implementation and we do not define anything in the specification. Alt#2 is to specify some values. One method for Alt#2 is that the NW can configure or indicate a cyclic delay value to the UE. Another possible method for Alt#2 is that we can specify an upper bound for the cyclic delay and the UE can choose one value within the defined upper bound. In our view, either of these methods have some issues and neither of them are preferred. A proper value of cyclic delay shift critically depends on the channel condition between the transmitter UE and receiver UE. The transmitter should choose one value that does not result in equivalent channel with equivalent delay spread being larger than the assumption at the receiver side. And the channel condition between UEs could be quite different from the channel condition between UE and system. The delay value for small delay CDD should be decided based on the channel characteristics of PC5. But the eNB can only measure the channel characteristics of Uu interface. To enable eNB to configure, we need request the V2X UE to measure the PC5 channel and then report the channel characteristics to the eNB. That would result in significant uplink transmission overhead. In our view, there is no technical benefit to allow the NW to configure delay value for small delay CDD for PSSCH. A value configured by the system does not deliver performance improvement that can justify the introduction of extra control signalling. A predefined upper bound seems not so useful due to the same reason as above. Therefore, to summarize, the cyclic delay value in small delay CDD shall be left to UE’s implementation and no definition/configuration in specification is needed.    
Proposal 2: Cyclic delay value used in small delay CDD of PSSCH is up to UE’s implementation and no specification is needed.
Conclusions
In this contribution, we consider the transmit diversity schemes for PSSCH channel and the related control signalling. The following proposals are made:
Proposal 1: For PSSCH, transparent transmit diversity scheme shall be used and one example scheme is small delay CDD.
Proposal 2: Cyclic delay value used in small delay CDD of PSSCH is up to UE’s implementation and no specification is needed. 
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