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Introduction
In RAN1 #90 meeting, a work assumption was given as following [1]:
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 RAN 1 #90 meeting, the candidate diversity schemes are agreed in R1-1715308:
RAN1 has the following list of candidate two-port non-transparent diversity schemes:
STBC (including half symbol STBC proposal in R1-1705002)
· SFBC
· PVS in time domain
Note: other schemes are not precluded
In this contribution, the details of candidate schemes for sidelink transmit diversity are analysed, including the non-transparent schemes, DMRS designs, SCI content, etc.
Candidate transmit diversity schemes for PSSCH
The technique of transmit diversity is proven to be an effective way to obtain spatial/frequency/time diversity gain and to mitigate the impact of multi-path fading by using multiple antennas with uncorrelated fading. When transmit diversity is used the effects of fading can be diminished by transmitting the same information from different antennas.
In this section, the operations of candidate diversity schemes were analyzed.
The operation of transmit diversity for PSSCH
 There are four transmit diversity schemes candidates in which some of them are illustrated in Figure 1.
Scheme 1: Space frequency block codes (SFBC)
SFBC encoding is performed over adjacent sub-carriers, as shown in Figure 1 (a). It should be noted that, this scheme has higher CM statics than the other schemes.
Scheme 2: Space time block code (STBC)
STBC can be done within two paired symbols, as shown in Figure 1 (b). This requires even number of SC-FDM symbols in one subframe for mapping PSSCH. Considering the subframe structure of PSSCH, the last symbol is the GP. Thus, there is an outliner symbol without STBC coding. The diversity gain of this symbol would be degraded.
To resolve the outliner symbol problem, (virtual) half symbol STBC (such as half symbol STBC proposal in R1-1705002) can be used. The outliner symbol or all legacy symbols can use (virtual) half symbol STBC to transform signals. However, from our point of view, before making a decision on it, the benefits should be fully justified based on evaluations. 
Scheme 3: Precoding vector switching (PVS) in time domain
Time domain PVS can work with different precoding vectors used for the first slot and the second slot. For Rel-14 UEs receiving and sensing, it does not impact the DMRS design and the PSSCH-RSRP measurement. But if using transparent receiving as Rel-14 UEs by Rel-15 UEs, between the two slots with different precoding vectors in one subframe, the channel estimation by interpolation for symbols may be inaccurate. To alleviate this problem, the channel estimation should be carried out in each slot. Between these two slots, the channel estimation cannot be averaged for those symbols between the two slots.
Scheme 4: Small delay cyclic delay diversity
This scheme can be implemented by adding cyclic delay at antenna ports after IFFT, as shown in Figure 1 (c). Each antenna port can be seen as a separated ray in space.  This scheme is transparent for legacy UEs, and needs no normative work, so it can be used as an implementation scheme.


(a) SFBC


(b) STBC



(c) Small Delay CDD
[bookmark: _Ref478160956]Figure 1: Candidate TX Diversity Schemes for PSSCH
From the simulation results in [2], SFBC and STBC have almost the same performance (Note: The outliner symbol of STBC is not considered in the simulation.). Furthermore, considering the outliner symbol without STBC coding, STBC would be worse than SFBC. The (virtual) half symbol STBC also have many shortcomingsas shown above. In our point of view, PVS cannot obtain the full order transmit diversity gain.  Nevertheless, we give the following observation:
Observation 1: SFBC can be the transmit diversity scheme of PSSCH in V2X phase 2.
[bookmark: OLE_LINK4]The transmit diversity mode indication by SA
For these non-transparent candidates transmit diversity schemes, it is better to have notification signalling to indicate to the receiving UE how to decode the signals.
The scheduling assignment (SA) content is defined in TS 36.212[4]. There is at least 7 bits that can be reused. If non-transparent transmit diversity scheme is used, one bit in SA is needed to notify the transmit diversity mode to receiving UEs. 
Proposal 1: For non-transparent transmit diversity scheme, one bit in SA is needed to indicate the transmit diversity mode.
The transmit diversity mode enabling and disabling
According to the agreement in last meeting, the UE should not use the non-transparent transmit diversity in the following cases:
· When communicating with Rel-14 UEs
· When there is a high probability of resource collision with Rel-14 UEs
How to determine whether transmit diversity mode is used or not needs to be taken into consideration by UE and eNB in two ways. For considering the probability of resource collision, one possible enhancement could be dynamically configuration or selection. For mode 3 transmission, transmit diversity mode disable/enable signaling can be carried in DCI. For out-of-coverage or mode 4 communication, UEs should monitor the sidelink transmission and determine whether transmit diversity can be used. Furthermore, another possible enhancement could be semi-static configuration.   The transmit diversity mode disable/enable signaling can be carried in dedicated RRC signaling or broadcast signaling sent by eNB or pre-configured.  Comparing semi-static configuration and dynamically configuration in our point of view, it is not necessary to include a bit in DCI to indicate the transmit diversity mode.  After configured or preconfigured, the transmit diversity mode disable/enable, the UE can further determine when to transmit in transmit diversity mode.
[bookmark: OLE_LINK3]Proposal 2: Sidelink transmit diversity mode can be enabled/disabled via dedicated RRC signaling or broadcast signaling.
DMRS designs for two ports
The sensing process for resource selection in mode 4 is described in TS 36.213 [3]. The accuracy of the sensing results is associated with the measurement of PSSCH-RSRP.  For non-transparent transmit diversity schemes, the DMRS should be modified to support 2 antenna ports. Two structures for DMRS can be considered for the non-transparent transmit diversity schemes, such as: FDM type structure or CDM type structure, as shown in Figure 3 and Figure 4. 
· Type 1: FDM type structure 
· Type 2: CDM type structure
· Type 2a: TD-OCC: the OCC performed in each symbol in time domain.
· Type 2b: FD-OCC: the OCC performed in each RE in frequency domain.
[image: ]                     [image: ]
(a) FDM type structure			                                                    (b) CDM type structure
Figure 3: DMRS pattern in PSSCH for non-transparent transmit diversity schemes


       						
(1) FDM  type    								(2) FD-OCC


(c)  TD-OCC
Figure 4: DMRS OCC and sequence
[bookmark: OLE_LINK5]Among these DMRS design, TD-OCC has a significant disadvantage. As shown in Figure 5, from every two symbols one channel estimation can be derived. Based on four DMRS symbols, at most three-channel estimation value can be derived in time domain. This does not satisfy the density of DMRS demand in time domain especially for the extremely high-speed case. In addition, the two paired symbols seem to be too far in time to be used for channel estimation. The estimation error between two ports cannot be eliminated.  From the simulation result in [2], TD-OCC shows the worst performance. FDM and FD-OCC have almost the same performance. 
Observation 2: TD-OCC typed DMRS cannot be used in V2X phase 2. 



Figure 5: channel estimation of TD-OCC
Considering the effect of these two types of DMRs structure to Rel-14 UEs, it may have a significant effect on the accuracy of the sensing process. To reduce measurement error of PSSCH-RSRP, the same DMRS sequence can be used for two of the DMRS ports as shown in Figure 4. For FDM type, a sequence is divided into odd and half halves, respectively, for two ports. For FD-OCC and TD-OCC, it can take the OCC to distinguish the two DMRS ports.   By using this method, when a legacy Rel-14 UE is performing sensing, there is only a slight measurement error on the accuracy of PSSCH-RSRP as shown in Figure 6. 
[image: ]
Figure 6: PSSCH-RSRP measured by legacy Rel-14 UEs
Observation 3: For two ports DMRS, FDM or FD-OCC structure with same sequence can be used and it has a slight effect on the accuracy of the sensing process.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
In this paper, the candidate schemes for sidelink transmit diversity are analysed, the following observations and proposals are given:
Observation 1: SFBC can be the transmit diversity scheme of PSSCH in V2X phase 2.
Observation 2: TD-OCC typed DMRS cannot be used in V2X phase 2. 
Observation 3: For two ports DMRS, FDM or FD-OCC structure with same sequence can be used and it has a slight effect on the accuracy of the sensing process.
Proposal 1: For non-transparent transmit diversity scheme, one bit in SA is needed to indicate the transmit diversity mode.
Proposal 2: Sidelink transmit diversity mode can be enabled/disabled via dedicated RRC signaling or broadcast signaling.
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