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1 Introduction
In this contribution, we discuss the simulation results and solutions for transmit diversity for PSSCH in V2X Phase 2. In RAN1 #90 and #91, the following working assumption was reached in this regard:
	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
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


Note that the above working assumption required further input from RAN4 on their analysis on the impact of non-transparent TxD scheme on legacy R14 UEs and MPR for R15 UEs supporting TxD. The LS with RAN4 consensus on these aspects was reached in the last meeting in R4-1713925.
In this contribution, we discuss the RAN4 LS and provides further simulation results on the impact of non-transparent scheme on R14 UEs. The evaluation of candidate non-transparent diversity schemes is provided in Appendix to support the observations made in the paper.
2 Impact of non-transparent schemes on R14 UEs
In this section, we discuss the impact of non-transparent diversity schemes on R14 UEs.
2 RAN4 liaison 
For ease of discussion, the conclusions from RAN4 LS response [R4-1713925] on the impact of non-transparent TxD schemes on R14 UEs is copied below.
	A. Impact on PSSCH-RSRP measurement accuracy of Rel-14 UEs

Answer: RAN4 concluded that introduction of two-port non-transparent transmit diversity schemes in Rel-15 may lead to the impact on Rel-14 V2X UEs PSSCH-RSRP measurements accuracy. The impact depends on the two port DMRS design.

· 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.

· 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.
· 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.

· The impact on the resource selection and overall V2X performance is up to RAN1

· Note: RAN4 does not specify the PSSCH-RSRP estimation algorithm and it is left up to UE implementation.

B. MPR for Rel-15 UEs

Answer: 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.

C. 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)

Answer: RAN4 made the following conclusions on the Rel-14 V2X UE demodulation performance in the interference limited environments in case of presence of two-port non-transparent transmit diversity interfering signals comparing to the single port interfering signals case:

· 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.


From the above LS response, the following conclusions are drawn:
a) Non-transparent TxD may be significantly impact the PSSCH-RSRP measurement accuracy, depending on R14 UE implementations. At least 3dB impact is expected for all implementations.
b) Non-transparent TxD may significantly degrade the demodulation performance of R-14 MMSE-IRC receivers in scenarios in interference limited scenarios in the presence of dominant interferer.
c) SFBC TxD scheme will need additional MPR of 0.5dB due to increased PAPR

In the following subsections, we discuss these aspects further.

2 Impact on PSSCH-RSRP measurements
Based on the RAN4 LS response, it can be concluded that non-transparent TxD may be significantly impact the PSSCH-RSRP measurement accuracy, depending on R14 UE implementation. In this section, we present some simulation results to support the RAN4 conclusion emphasizing that practical R14 UE implementations will be impacted.

For RSRP measurements, the following receiver processing steps are performed: (i) timing offset estimation and correction, (ii) intra-symbol frequency offset estimation and correction, (iii) channel estimation, (iv) RSRP calculation.

We consider two Rel-14 implementations:
· Implementation 1: No further timing correction is performed during channel estimation prior to channel cleaning.

· Implementation 2: Further timing correction is performed during channel estimation by calculating the center-of-mass of the channel and correcting for the same to maximize the channel energy.

In terms of receiver performance, implementation 2 will have improved demodulation and RSRP measurement performance (as shown in the results below as well). Nonetheless, both implementations are feasible (and practical) Rel-14 implications. 

Following results are presented:

· Figure 1 and Figure 2 present the (baseline) results with Rel-14 DMRS (single port) for implementations 1 and 2, respectively, at different SNRs. It can be observed that both implementations work well and meet the Rel-14 RAN4 requirements (+/- 2.5dB for baseband error). However, implementation 2 is slightly better than implementation 1 in terms of performance. 
· Figure 3 and Figure 4 present the results with Rel-15 two-port DMRS for implementations 1 and 2, respectively, at different SNRs. Results are presented for the CDM option (i.e. port 0 is Rel-14 DMRS sequence, port 1 is N/2 cyclic shifted Rel-14 DMRS sequence). For implementation 1, the impact is ~3dB as expected. For implementation 2, however, the impact is significant and unbounded as the Rel-14 receiver is not expecting a bi-modal channel response to be present and throws off its channel estimation and channel cleaning.
· Further, note that FDM option will lead to the same problem (and is even worse than CDM case). For FDM DMRS option (Rel-14 DMRS with even subcarriers mapped to port 0 and odd subcarriers mapped to port 1), the resulting channel is still bi-modal. In the CDM case the channel observed were h1 and cyclic shift 0 and h2 at cyclic shift N/2. In the FDM case, the channel observed will be (h1+h2) in cyclic shift 0 and (h1-h2) in cyclic shift 1. Thus centre-of-mass calculation is still thrown off; but further the RSRP is impacted even for implementation 1 (as shown later in Figure 11).

	Baseline: R14 (i.e. single port) DMRS 
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Figure 1: CDF of delta RSRP for R14 DMRS in implementation 1.
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Figure 2: CDF of delta RSRP for R14 DMRS in implementation 2.


	Two-port R15 DMRS (CDM option)
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Figure 3: CDF of delta RSRP for R15 two-port DMRS (CDM option) in implementation 1.
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Figure 4: CDF of delta RSRP for R15 two-port DMRS (CDM option) in implementation 2.


Based on the above results, we make the following observation.
Observation 1: Non-transparent diversity scheme for PSSCH (requiring two-port DMRS) can significantly impact Rel-14 RSRP measurements for practical R14 UE implementations, supporting the RAN4 conclusion. 
2 Impact on R14 MMSE-IRC receivers
Simulation results comparing non-transparent diversity schemes is provided in Appendix for the noise-limited scenario. For the noise-limited scenario, it can be observed that the gains of non-transparent diversity scheme over single-port transmission schemes are present in slow / moderate mobility scenarios. In high mobility scenarios the incremental gains of non-transparent schemes diminish to due to presence of ample time diversity. 

Observation 2: In the noise-limited scenario, gains of non-transparent TxD schemes are higher in low/moderate mobility scenarios, and diminish in high mobility scenarios.

Further, it is well known from R14 studies that the low- and moderate- mobility scenarios for V2X are largely interference limited. Based on the RAN4 LS response, R14 MMSE-IRC receivers will suffer from significant degradation in low/moderate mobility scenarios where they are expected to be the most effective (interference limited) due to non-transparent (2 port) TxD interference.

Observation 3: Low/moderate mobility scenarios will largely be interference limited, and MMSE-IRC receivers will suffer from significant performance degradation in the presence of a dominant non-transparent TxD interference.

It should also be noted that the case of having a dominant interferer in the interference limited scenarios is actually the most common scenario. Intuitively, this happens due to the resource selection procedure wherein the selection of lowest energy resource leads to the creation of guard-zones around each transmitter for a given resource. Consecutively, the interferers will be spatially separated. Thus, from a receiver’s perspective that is placed randomly (uniformly) in the area, then the probability of having a dominant interferer is most probable as the relative INR1/INR2 is small only when the receiver happens to be in the middle of the interferers (for example). Figure 5 shows the probability of having INR1/INR2 less than x dBs (x-axis) in different scenarios. For all scenarios, the case of dominant interferer is the most common, e.g., in Urban 60kmphr the probability of having INR1/INR2 greater than 3dB (i.e. single dominant interferer) is greater than 90%.
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Figure 5: Probability that INR1/INR2 < threshold, where INR1/2 is the INR of first and second dominant interferer, respectively, in different scenarios. X-axis is the ratio in dB, and Y-axis is the probability INR1/INR2 < x-axis.
Observation 4: In interference limited scenarios, the probability of having a single dominant interferer is large due to the R14 resource selection procedures.
2 MPR impact of SFBC

The relatives gain of non-transparent schemes over single-port (or transparent schemes) should consider the additional MPR impact. This will further limit the performance advantage of SFBC TxD scheme, e.g., even in the noise-limited scenario.
2 Summary of impact

In our view, the following impacts are then expected at the system level.

Observation 5: Following impact are expected due to introduction of non-transparent TxD scheme.
· In all scenarios, the accuracy of PSSCH-RSRP measurements can be significantly impacted depending of R14 UE receiver implementation and may lead to degraded system level performance. 

· In low/moderate mobility scenarios, MMSE-IRC receivers will severely degrade in performance due to non-transparent TxD interference.

· In high mobility scenarios, the relative gains of non-transparent TxD scheme over transparent TxD scheme is minimal, and is further reduced if higher MPR is needed for the non-transparent TxD scheme.

Based on the above, we conclude to revert the working assumption.
Proposal 1: Based on RAN4 LS response on impact of non-transparent TxD scheme on R14 performance, revert the working assumption on introduction of non-transparent TxD scheme for PSSCH. 
3 Conclusions

In this contribution, discussed transmit diversity for PSSCH in V2X phase 2 and made the following proposals.

Observation 1: Non-transparent diversity scheme for PSSCH (requiring two-port DMRS) can significantly impact Rel-14 RSRP measurements for practical R14 UE implementations, supporting the RAN4 conclusion. 

Observation 2: In the noise-limited scenario, gains of non-transparent TxD schemes are higher in low/moderate mobility scenarios, and diminish in high mobility scenarios.

Observation 3: Low/moderate mobility scenarios will largely be interference limited, and MMSE-IRC receivers will suffer from significant performance degradation in the presence of a dominant non-transparent TxD interference.

Observation 4: In interference limited scenarios, the probability of having a single dominant interferer is large due to the R14 resource selection procedures.

Observation 5: Following impact are expected due to introduction of non-transparent TxD scheme.
· In all scenarios, the accuracy of PSSCH-RSRP measurements can be significantly impacted depending of R14 UE receiver implementation and may lead to degraded system level performance. 

· In low/moderate mobility scenarios, MMSE-IRC receivers will severely degrade in performance due to non-transparent TxD interference.

· In high mobility scenarios, the relative gains of non-transparent TxD scheme over transparent TxD scheme is minimal, and is further reduced if higher MPR is needed for the non-transparent TxD scheme.

Proposal 1: Based on RAN4 LS response on impact of non-transparent TxD scheme on R14 performance, revert the working assumption on introduction of non-transparent TxD scheme for PSSCH. 
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Appendix A: Simulation results for PSSCH non-transparent TxD schemes in noise-limited scenario
In this section, we present simulation results for non-transparent transmit diversity schemes for PSSCH in noise-limited scenario. 

For STBC, we consider two mappings: Mapping 1 (as shown in Figure 6) and Mapping 2 (as shown in Figure 7). For the two orphan symbols in Mapping 2, we use the virtual half-symbol STBC as the diversity scheme. Rationale behind Option 2 is to optimize the performance of STBC for high speed scenarios. 
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Figure 6: Mapping 1 for STBC
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Figure 7: Mapping 2 for STBC (for improved performance in high speed)
We compare the performance of SFBC and STBC (Mapping 1 and 2) transmit diversity schemes in low, moderate, and high speeds. Figure 8, Figure 9, and Figure 10 present the results for QPSK rate ~0.5; and Figure 11, Figure 12, and Figure 13 presents the results for 16QAM rate ~0.5. CDM Option 1a for the two-port DMRS is used based on the rationale presented in Section A.1. The following observations are made:
· In low/moderate mobility scenarios, SNR-BLER performance of STBC (Mapping 1 or Mapping 2) is similar to SFBC. Further, since PAPR of SFBC is higher than STBC, it will result in MPR for SFBC transmissions (say order of 1dB). Thus, in terms of link budget performance, STBC outperforms SFBC in low/moderate mobility scenarios.
· In high mobility scenarios (140+140kmphr), the gain in SNR for SFBC will be countered by the higher MPR for SFBC. In some scenarios, SFBC can still have slight improvements over STBC. Further, mapping 2 performs better than mapping 1 as expected in high speeds.
Simulation results show that STBC provides equivalent link budget gains as compared to SFBC. In low speeds, STBC will provide slight link budget advantage over SFBC. In very high speeds (e.g. greater than 140+140kmphr), SFBC will provide slight link budget advantage over STBC. Further, for STBC, we can choose between Mapping 1 or Mapping 2 for optimized performance in low/moderate or high mobility scenarios, respectively.
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Figure 8: BLER performance of non-transparent diversity schemes for PSSCH: QPSK, 15+15kmphr

	[image: image9.png]u

10"

10

QPSK rate 1/2, SCM UMi, 70+70kmphr

Single port
——SFBC

—— STBC (Mapping 1)
—— STBC (Mapping 2)

SNR (in dB)




Figure 9: BLER performance of non-transparent diversity schemes for PSSCH: QPSK, 70+70kmphr
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Figure 10: BLER performance of non-transparent diversity scheme for PSSCH: QPSK, 140+140kmphr
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Figure 11: BLER performance of non-transparent diversity scheme for PSSCH: 16QAM, 15+15kmphr
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Figure 12: BLER performance of non-transparent diversity scheme for PSSCH: 16QAM, 70+70kmphr
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Figure 13: BLER performance of non-transparent diversity scheme for PSSCH: 16QAM, 140+140kmphr


Observation: Simulations results show that STBC provide equivalent gains compared to SFBC with respect to link budget improvement over single port transmissions. In low/moderate mobility scenarios, STBC provide slight advantage over SFBC; and vice-versa in high mobility scenarios. 
A.1 DMRS structure for non-transparent schemes
For non-transparent schemes following options were discussed for the two-port DMRS design in prior meetings:
· Option 1: CDM

· Option 1a: port 0: Rel-14 DMRS sequence; port 1: cyclic shifted (pi) version of Rel-14 DMRS sequence

· Option 1b: port 0: Rel-14 DMRS sequence; port 1: different base sequence (quasi-orthogonal to port0)

· Option 2: FDM

· Option 2a: port 0: even subcarrier of Rel-14 DMRS sequence (odd null); port 1: odd subcarriers of Rel-14 DMRS sequence (even null)

· Option 2b: port 0: N/2 sequence; port 1: N/2 sequence quasi-orthogonal to port 0
Within CDM options, Option 1a is better than Option 1b since cyclic shifts will be orthogonal. Thus, Option 1a is better w.r.t channel estimation as compared to Option 1b. Similarly, within FDM options, Option 2a is better than Option 2b. Also, Option 2b degrades the RSRP measurement of Rel-14 UEs further since the N/2 sequence is different from what Rel-14 UEs assume.
Thus, the two options for DMRS structure are:

· Option 1a: port 0: R14 DMRS sequence; port 1: cyclic shifted (pi) version of Rel-14 DMRS sequence

· Option 2a: port 0: even subcarrier of Rel-14 DMRS sequence (odd null); port 1: odd subcarriers of Rel-14 DMRS sequence (even null)

In terms of Rel-15 demodulation performance, both options are expected to give similar performance (as shown in Figure 14).
In terms of Rel-14 RSRP measurements, however, there is a difference as shown in Figure 15.
· CDM (Option 1a): In this case, Rel-14 receiver views the channel as h1 on cyclic shift 0 and h2 on cyclic shift N/2

· FDM (Option 2a): In this case, Rel-14 receiver views the channel as (h1+h2) on cyclic shift 0 and (h1-h2) on cyclic shift N/2. Due to the inherent addition in (h1+h2) and (h1-h2), there may be some further impact on RSRP measurement compared to CDM option 1a. Moreover, impacts to intra-symbol FO estimation can be higher in this case leading to more ICI and reduced RSRP accuracy.
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Figure 14: BLER performance of STBC, 70+70 kmphr with CDM and FDM DMRS options
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Figure 15: CDF of delta RSRP (measured RSRP - ideal RSRP) for R14 UEs using implementation 1 with CDM and FDM DMRS options

Observation: CDM structure for the two-port (with Rel-14 DMRS sequence mapped to port 0, and cyclic shifted version of Rel-14 DMRS sequence mapped to port 1) provides best performance w.r.t demodulation and RSRP measurement impact.[image: image16.png]
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