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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN1 #90 meeting, the following working assumption [1] for transmit diversity on PSSCH was reached:
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 the RAN1 #91 the following agreements [2] for TxD on PSSCH were reached:
· 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)
At the RAN1 #90bis the following agreements [3] for TxD on PSCCH were reached:
· 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 propose design solutions for transmit diversity for both PSSCH and PSCCH. 

Confirmation of the Working Assumption
One important, and urgent matter for RAN1 is to confirm the WA taken in August that “For designing PSSCH, RAN1 assumes the use of two-port non-transparent transmit diversity.” RAN4 replied to the LS RAN1 sent in [4]. The LS essentially confirms RAN1 understanding at the time the WA was taken, and the points raised in [4] have been further studied by RAN1.
Impact on PSSCH-RSRP measurement accuracy of Rel-14 UEs
The elements of the LS related to these aspects are discussed here.
· If Rel-15 two-port PSSCH DMRS does not include legacy Rel-14 DMRS sequence, Rel-14 UE will fail to perform PSSCH-RSRP measurements.
This point is well understood by RAN1. In Section 3, a DMRS design in line with RAN4 observation is proposed. 

	· If Rel-15 two-port PSSCH DMRS includes legacy Rel-14 DMRS sequence, 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.


This aspect was also extensively studied by RAN1. In [5], a summary of the results is shown. The 3dB RSRP power offset has no impact on overall performance, and the RSRP variance can be minimized with good DMRS design.

	· For a certain Rel-14 V2X UE implementation, it is observed that PSSCH-RSRP measurement is significantly impacted with certain DMRS designs. For some other DMRS design, the observed impact is the same as the first type of PSSCH-RSRP measurement algorithm.



Figure 1.  PSSCH-RSRP measurement algorithms: Common vs. COM based
The Rel-14 V2X UE implementation is for “center of mass (COM) based PSSCH-RSRP measurement algorithm”, as described in [6]. Figure 1 compares the steps and PSCCH/PSSCH timing acquisition of common algorithm and COM based algorithm (red). From our perspective, it is not straightforward to use a center of mass based algorithm for Rel-14 PSSCH-RSRP measurement after correct timing has already been obtained at PSCCH decoding stage. Given that PSCCH and its PSSCH originate from a same UE and have exactly the same timing, we see no reason to discard the obtained proven correct timing from PSCCH and to obtain it again using center-of-mass based algorithm. However, as RAN4 observed, this merely poses a constraint on the DMRS design. By making sure that one of the DMRS sequences is the SFBC precoded version of the other, there is no problem for the center of mass receiver.
MPR for Rel-15 UEs
RAN4 concluded that among the three diversity schemes mentioned by RAN1, only SFBC may cause impact on the MPR. According to the simulation results, up to 0.5dB MPR increase is expected if SFBC is implemented.
RAN1 has already extensively discussed this aspect and has concluded that a slight MPR increase was tolerable, and took the WA at last meeting to assume SFBC-based scheme.
Impact on MMSE MRC receivers and advanced receivers in the a) presence of one interferer (single-port transmission and two-port diversity) b) presence of multiple interferers (single-port transmission and two-port diversity)

	· For LMMSE-MRC receiver, the two-port non-transparent transmit diversity interfering transmissions have almost same impact as Rel-14 single-port interfering transmissions on receiving performance of Rel-14 UEs independent of single interferer or multiple interferers.
· For LMMSE-IRC receiver, the performance impact depends on the propagation conditions and the following results were observed by companies:
· For low relative UE speed scenarios (~30km/h), the performance impact is as follows:
· For the case of single dominant interferer signal the performance loss is from 0.1 dB for low INR = 0 dB and is in the range from 3.2 to 4.5 dB for high INR up to 15 dB.
· For the case of two dominant interferer signals the performance loss is from 0 dB for low INR = 0 dB and is in the range from 1.0dB to 1.9 dB for high INR up to 15 dB.
· For high relative UE speed scenarios (~280km/h), the performance impact is generally less than 0.5 dB for all scenarios. 
· The performance for LMMSE-IRC receiver is not worse than LMMSE-MRC receiver in the presence of two-port diversity interference


When RAN1 took the WA, results for the MMSE-IRC were presented in [7] and [8]. The feedback from RAN4 indicates that for many cases, the degradation is actually lower than RAN1 originally thought. This was also confirmed by additional RAN1 studies. In addition, RAN4 confirms that in high mobility conditions (a typical V2X case), and with more than one dominant interferer (a very common case in e.g., urban environments), the benefit of using an IRC receiver is marginal at best.
Based on the RAN4 feedback, RAN1 can now confirm the WA taken in August:
Proposal 1: Confirm the WA of RAN1#90 on the use of non-transparent diversity scheme
RAN1 can also confirm the WA taken at RAN1#91 on the use of SFBC.
Proposal 2: Confirm the WA of RAN1#91 on the use of SFBC as the non-transparent diversity scheme

PSSCH DMRS design for multi-antenna port Transmit Diversity
As discussed in the previous section, the LS reply has some impact on the DMRS design. In particular, in previous meetings, it was discussed whether to use FDM or CDM for the two antenna ports. From our perspective, CDM is better. It was pointed out by RAN4 that a legacy DMRS sequence is present in order for the UEs to be able to enable Rel-14 UEs to perform measurements. With FDM, it would not be possible to have a legacy REl-14 sequence present on all symbols. With CDM, this can be easily ensured.

Proposal 3: For PSSCH, the DMRS transmitted by the two antenna ports are CDMed.

Figure 2 shows two options for legacy Rel-14 DMRS sequence distribution on the 4 DMRS symbols:
· Option 1 (proposed): The two antenna ports alternately transmit Rel-14 DMRS sequence on the four DMRS symbols in a TTI.
· Option 2: one of the two antenna ports transmits Rel-14 DMRS sequence in all the four DMRS symbols in a TTI.
	· [image: ]
	[image: ]

	(a) Option 1(proposed)
	(b) Option 2


Figure 2. DMRS designs
Option 1 is preferred. On each DMRS symbol, Rel-14 UE RSRP measurement will be equal to the received power of the antenna port transmitting legacy Rel-14 DMRS sequence. For option 1, the Rel-14 UE RSRP measurement will be the average of the received power of antenna port 1 and 2. For option 2, it will be the received power of one specific antenna (e.g., antenna port 1 in Figure 2(b)). In case of independent channel fading on the two antenna ports, the Rel-14 UE RSRP measurement degradation is 3dB with option 1 and theoretically unbounded with option 2. This is also confirmed by simulation results in [5], with a small number of UE with very large delta RSRP (as expected).
Observation 1: 
· If two antenna ports alternately transmit Rel-14 DMRS sequence on the four DMRS symbols in a TTI, Rel-14 UE RSRP measurement degradation will be 3dB;
· If one of the two antenna ports transmits Rel-14 DMRS sequence in all the four DMRS symbols in a TTI, Rel-14 UE RSRP measurement degradation will be unbounded.
Proposal 4: For PSSCH, the two antenna ports alternately transmit Rel-14 DMRS sequence on the four DMRS symbols in a TTI.
[bookmark: _GoBack]System level simulation results in [5] show that -3 dB RSRP measurement power offset has limited impact on Rel-14 UE performance.

Detailed Transmit Diversity solution for PSCCH
For PSCCH with small delay CDD, one key question to address is how to determine the cyclic-delay value. Larger cyclic-delay comes with higher diversity gain, but the sum of the cyclic-delay, the channel delay spread (about 0.7µs for UMi channel) and the Rx time offset (≤ 2.1us for 320m coverage range and UEs synced with eNB case) may exceed the 4.7µs CP length. Larger cyclic-delay degrade the CFO estimation performance, hence may degrade link level performance, especially in high speed cases. As cyclic-delay depends on channel delay spread and speed, it is better to leave the cyclic-delay value determination up to UE implementation. Moreover, the impact of relative speed on small delay CDD TxD performance may need to be further investigated.

[bookmark: _Ref129681832]Conclusions
For transmit diversity solution for both PSSCH and PSCCH, our observations and proposals are as follows:
Proposal 1: Confirm the WA of RAN1#90 on the use of non-transparent diversity scheme
Proposal 2: Confirm the WA of RAN1#91 on the use of SFBC as the non-transparent diversity scheme
Proposal 3: For PSSCH, the DMRS transmitted by the two antenna ports are CDMed.
Observation 1: 
· If two antenna ports alternately transmit Rel-14 DMRS sequence on the four DMRS symbols in a TTI, Rel-14 UE RSRP measurement degradation will be 3dB;
· If one of the two antenna ports transmits Rel-14 DMRS sequence in all the four DMRS symbols in a TTI, Rel-14 UE RSRP measurement degradation will be unbounded.
Proposal 4: For PSSCH, the two antenna ports alternately transmit Rel-14 DMRS sequence on the four DMRS symbols in a TTI.
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