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Introduction
In V2X Phase 2 WID, one of the objectives is to study the feasibility and gain of PC5 operation with Transmit Diversity Error! Reference source not found.:
2. 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]
[bookmark: OLE_LINK9]At RAN1 #90 meeting, a work assumption was given as following [2]:
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
At RAN1 #90bis meeting, an agreement for PSCCH was achieved [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
At RAN1 #91 meeting, the following was agreed [4]:
[bookmark: OLE_LINK8]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
[bookmark: OLE_LINK11]This is a resubmitted contribution of R1-1719657 with minor modifications. In this contribution, firstly, the cyclic delay value of small delay CDD for PSCCH is discussed, then the details of candidate transmit diversity schemes for PSSCH are analysed, including the non-transparent schemes, DMRS designs, SCI content, etc.
The cyclic delay value of small delay CDD for PSCCH
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]It is agreed at RAN1 #90bis that small delay CDD can be used on PSCCH. Considering the V2X communication scenarios, such as freeway, urban scenarios with various speeds, small delay CDD for PSCCH should go well for all of these scenarios. In order to achieve the goal, a range of cyclic delay values may be compatible for these scenarios. Fortunately, an advantage of small delay CDD is that this scheme is transparent to the receiver. So, the cyclic delay value can be left for UE implementation.
Proposal 1:  The cyclic delay value of small delay CDD for PSCCH can be left for UE implementation.
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 outlier symbol without STBC coding. The block code processing of this outlier symbol is not uniformed with others, and the diversity gain of this symbol would be degraded.
To resolve the outlier symbol problem, (virtual) half symbol STBC (such as half symbol STBC proposal in R1-1705002) can be used. The outlier symbol or all legacy symbols can use (virtual) half symbol STBC to transform signals. One scheme of (virtual) half symbol STBC is shown in Figure 1 (c). Note: in Figure 1 (c), For a transmitter, two independent DFT precoding are performed for each antenna port. Correspondingly, for a receiver, before IFFT decoding, two data streams should be separated after FFT. Thus, there is a limitation, in which at least two receiving antenna ports should be supported. And this extra complexity and its benefits should be considered. 
Scheme 3: SFBC+ 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-15UEs, whether SFBC combined with PVS or not is nontransparent for receiving. If PVS is combined with SFBC, 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. Under this scheme, another issue is how to select precoding vector. In V2X phase 2, the communication between vehicles is mainly via broadcast. It is difficult to select a precoding vectors to guarantee the gain. If using one pair of fixed precoding vector, the gain is unpredictable. 
Scheme 4: Small delay cyclic delay diversity
One scheme can be implemented by adding cyclic delay at antenna ports, as shown in Figure 1 (d). 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
[image: ]
(c) One scheme of (virtual) half symbol STBC


(d) Small Delay CDD
[bookmark: _Ref478160956]Figure 1: Candidate TX Diversity Schemes for PSSCH
From the simulation results in [5], the performance of SFBC is slightly better than STBC for PSSCH in various speed cases. Based on the above analysis, we give the following observation:
Observation 1: SFBC can be the transmit diversity scheme of PSSCH in V2X phase 2.
Observation 2: Small delay CDD can be an implementation transmit diversity scheme of PSSCH in V2X phase 2.
[bookmark: OLE_LINK4]The transmit diversity mode indication by SA
For those non-transparent candidates transmit diversity schemes, it is better to have notification signaling to indicate to the receiving UE how to decode the signals.
The scheduling assignment (SA) content is defined in TS 36.212[6]. 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 2: 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 RAN1 #90 meeting [2], 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. From the eNB side, some criteria should be setup. For example, if a UE is instructed to enable the non-transparent transmit diversity function the following factors may need to be considered such as: 1) UE capability, 2) how many Rel-14 UEs are co-existing in the resource pool, and 3) which type/priority level service is transmitted, to name a few. Taking all these factors into consideration, eNB can inform the UE when/how non-transparent transmit diversity can be used. There are two methods that can be used to inform the UE such as: 1) to dynamically inform the UE via DCI in each sidelink grant and 2) to disable/enable the transmit diversity mode function and inform its associated criteria semi-statically via dedicated RRC signaling or broadcast signaling or pre-configured. 
By method 1), the UE would only do transmission following a eNB indication. This method can only be used in Mode 3. 
By method 2), from the UE side, UEs can determine whether a transmit diversity scheme can be used according to the criteria and its service type, target reception UE, resource pool, etc. 
Comparing semi-static configuration and dynamically indication, in our point of view, it is not necessary to include a bit in DCI to indicate the transmit diversity mode because whether or not in transmit diversity mode has almost no effect on eNB resource scheduling. Based on the criteria of transmit diversity configured or pre-configured by RRC, the UE can autonomously determine when to transmit in transmit diversity. And by method 2), the uniform mechanism of transmit diversity mode selection can be used for Mode 4 UEs.
[bookmark: OLE_LINK3]Proposal 3: For both mode 3 and mode 4 communication, a uniform mechanism of transmit diversity mode selection can be used.
Proposal 4: Based on some criteria configured or pre-configured by RRC, when to transmit in transmit diversity can be determined by UE.
DMRS designs for two ports
The sensing process for resource selection in mode 4 is described in TS 36.213 [7]. 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: FDMed type structure 
· Type 2: CDMed type structure
· Type 2a: TD-OCC: the OCC performed in each DMRS symbol in time domain.
· Type 2b: FD-OCC: the OCC performed in each RE in frequency domain.
· Type 2c: CS-based: different cyclic shifts for every antenna port. 
[image: ]                 [image: ]
(a) FDM type structure			                                    (b) CDM type structure
Figure 3: DMRS pattern in PSSCH for non-transparent transmit diversity schemes


       						
(a) FDM  type    	        							(b) FD-OCC


(c)  TD-OCC
Figure 4: DMRS OCC and sequence
For type 1 FDMed type DMRS structure, single RS sequence is divided into two parts, and each part associated to one antenna port is mapped to even or odd REs as in figure 4-a. For each antenna port, only even or odd part of RS sequence is mapped and transmitted on one antenna port, thus this may lead to increased CM/PAPR. Another issue is that PSSCH-RSRP measurement results for Rel-14 UEs reflect the comprehensive results of the two antennas while two antenna ports are transmitted to the receiver via different channel.
[bookmark: OLE_LINK5]For type 2a DMRS structure, as shown in figure 4-c and figure 5, two different OCC for each antenna port are performed in time domain. There is a significant disadvantage that from every two symbols only one channel estimation can be derived. Based on four DMRS symbols, at most three-channel estimation value can be derived in the time domain. The density of DMRS in the time domain is too sparse 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. From the simulation result in [3], TD-OCC shows the worst performance. 
Observation 3: TD-OCC typed DMRS cannot be used in V2X phase 2. 



Figure 5: channel estimation of TD-OCC
[bookmark: OLE_LINK10]For type 2b DMRS structure, as shown in figure 4-b, two different OCC for each antenna port are performed on each pairs of adjacent REs in frequency domain. Based on FD-OCC, the orthogonality of two ports can be guaranteed. The shortage is that the CM/PAPR of the second port may be increased. Another issue is that, for Rel-14 UEs, the measurement of PSSCH-RSRP is unpredictable. 
For type 2c DMRS structure, two different cyclic shift is applied for two antenna ports, where one of the two DMRS ports can be same as Rel-14. The shortcoming is that for Rel-14 UEs, there is a -3dB degradation on PSSCH-RSRP measurement compared to the total RX power from the two DMRS ports. 
Comparing these DMRS types, they each have different advantages and disadvantages. In R1-1801310 (R4-1713925), RAN4 concluded that the introduction of two-port non-transparent transmit diversity schemes in Rel-15 may lead an impact on the Rel-14 V2X UEs PSSCH-RSRP measurements accuracy. For a certain Rel-14 V2X UE implementation, it is observed that PSSCH-RSRP measurement is significantly impacted with certain DMRS designs [8]. The impact on the resource selection and overall V2X performance needs to be further evaluated by RAN1.
Proposal 5: The impact of PSSCH-RSRP measurements inaccuracy on the resource selection and overall V2X performance needs to be further evaluated.
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Conclusion
In this paper, the candidate schemes for sidelink transmit diversity are analyzed, the following observations and proposals are given:
Observation 1: SFBC can be the transmit diversity scheme of PSSCH in V2X phase 2.
Observation 2: Small delay CDD can be an implementation transmit diversity scheme of PSSCH in V2X phase 2.
Observation 3: TD-OCC typed DMRS cannot be used in V2X phase 2. 
Proposal 1: The cyclic delay value of small delay CDD for PSCCH can be left for UE implementation.
Proposal 2: For non-transparent transmit diversity scheme, one bit in SA is needed to indicate the transmit diversity mode.
Proposal 3: For both mode 3 and mode 4 communication, a uniform mechanism of transmit diversity mode selection can be used.
Proposal 4: Based on some criteria configured or pre-configured by RRC, when to transmit in transmit diversity can be determined by UE.
Proposal 5: The impact of PSSCH-RSRP measurements accuracy on the resource selection and overall V2X performance needs to be further evaluated.
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