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1 Introduction

In the RAN4 #80Bis meeting, initial discussion of V2V requirements were started, and general agreement on the scope of demodulation performance tests were captured in WF[1] as follows;

· Test cases and purposes
· Single-link PSSCH and PSCCH demodulation performance
· Capability to handle high CFO
· Capability to handle high and low Doppler spread
· Capability of PSCCH DMRS blind detection
· Multi-link PSSCH and PSCCH demodulation performance
· Capability to perform simultaneous reception of multiple V2V links with different propagation conditions (time offset, carrier frequency error, delay spread, Doppler spread)
· Capability to perform reception of links with max power imbalance
· Maximum process test
In this contribution, we provide our views on single-link PSCCH and PSCCH demodulation performance based on agreed WF.
2 Discussion

· HARQ operation of PSSCH and its relevant changes in PSCCH
Since RAN1 specify up to 1 retransmission for PSSCH, we don’t have any objection to use 1 retransmission in PSSCH requirements as we already use retransmission in Rel-12 D2D. Anyway, for PSCCH performance, there exist issue if PSCCH performance is combined with PSSCH HARQ operation. In RAN1 spec, “Not expected to combine PSCCH transmitted in different subframes” is specified for PSCCH reception.
Normally, control channel performance can be checked by ACK/NACK of its scheduled data channel if there is no error on data channel decoding performance. Anyway, if we consider 1 time retransmission of PSSCH in PSCCH test configuration, PSCCH performance cannot be checked by its scheduled PSSCH performance. For example, if we consider that the first half of received PSCCH have decoding error while all received PSSCH have no decoding error by HARQ soft combining, PSCCH performance measured by PSSCH might indicate that there is no error. For this issue, we can consider following options.

Option 1. Do not use PSSCH retransmission for PSCCH performance requirement.

Option 2. Introduce new UE test loop mode to measure PSCCH performance itself.
Regarding to Option 2, 3GPP defined various UE test loop mode from A to E in TS36.509 to measure physical channel performance without UE feedback. Anyway, if new UE test loop mode is introduced only to measure PSCCH BLER, there is no merit with the cost of the complexity. Therefore we prefer Option 1 for PSCCH test configuration. Based on above statements, we propose followings;
Proposal 1. Introduce explicitly separated PSCCH and PSSCH test.
Proposal 2. For PSSCH requirement, use 1 retransmission for PSSCH scheduling.

Proposal 3. For PSCCH requirement, do not use retransmission for PSSCH scheduling.
· High Doppler on PSCCH and PSSCH requirements
For test to verify PSCCH/PSSCH demodulation performance with single active UE, it is obvious that some kind of fading channel representing its typical use case should be applied. Anyway, the use case of D2D is mainly concentrated in low mobility condition while the use case of V2V is mainly concentrated in high mobility condition. As a results, the propagation channel with higher Doppler should be used instead of EVA70 used in D2D. From WF, following options were discussed for UE speed and propagation condition.

· Option 1: 280km/h@5.9GHz, 

· Option 2: 500 km/h@5.9GHz

· Other choice are not precluded
500 km/h@5.9GHz should be most reasonable candidate within options, if we recall high mobility up to 500km/h is one of the objective of V2V WI. Anyway, conventional channel estimation performance under such environment may be severally degraded since CFO estimation included in conventional channel estimator can’t estimate the instantaneous frequency shift on received signal properly and estimated channel is compensated with incorrect value. In Figure 1, we present our preliminary simulation results with conventional channel estimator for EVA70, EVA1500 (Option1) and, EVA2700 (Option 2).
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Figure 1. PSCCH BLER performance under EVA channel w/ cross-DMRS estimation
From simulation results, it seems that PSCCH performance at EVA2700 representing 500km/h mobility is severally degraded even if no frequency offset is used. And, PSCCH performance at EVA1500 might be also problematic if 1200 Hz frequency offset is applied. During last meeting, there exist discussion about this issue and feasibility study for following 2 options are agreed

· Option 1: “cross-DMRS” estimation

· Option 2: “single-DMRS” estimation

Option 1 means conventional DMRS based CFO estimation scheme which can treat CFO only in frequency-domain and be implemented with relatively low complexity. But option 2 is implemented with complex signal processing across frequency and time-domain and also its complexity is increased proportional to # of supported sidelink. Thus, we think that Option 2 can be challengeable from UE implementation point of view. In Figure 3, we present our preliminary simulation results based on single DMRS estimation scheme.
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Figure 2. PSCCH BLER performance under EVA channel w/ single-DMRS estimation

From simulation results, it seems that option 2 of single DMRS estimation can handle high mobility of EVA2700 unlink option 1 of cross-DMRS estimation.

Anyway, since option 2 estimate CFO in time-domain with the assumption that propagation channel can be treated with 1-tap, it will be expected that estimation accuracy of option 2 is degraded than that of option 1. Therefore, for operating range option 1 can treat, performance of option 1 will be better than option 2. In Figure 3, we present our preliminary simulation results for PSSCH under EVA channel for both option 1 and option 2, respectively.
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Figure 3. PSSCH BLER performance under EVA channel w/ cross-DMRS estimation (MCS4)
From simulation results, it seems that option 2 can handle CFO even for EVA2700 with 1200 Hz frequency offset. But for EVA70 channel, performance of option 1 is better than option 2. These observation means that if option 2 is selected as baseline, V2V UE should hold rather low performance at low mobility case although UE complexity is increased.

Basically, we believe TS36.101 should specify UE minimum requirement with baseline receiver assumption and in that sense, there exist conflict between the objective of V2V and the baseline assumption of TS36.101. To solve this issue, we might need to make requirements separately for different UE implementation as follows;

· Baseline V2V UE to support up to 280 km/h mobility (using option 1)
· Advanced V2V UE to support up to 500 km/h mobility (using option 2 [+ option 1])
If we consider high implementation cost and complexity of option 2, this approach might be good compromise between the objective of V2V and the baseline assumption of TS36.101. Actual requirements can be handled for different UE implementation by UE vender’s declaration w/o any signaling.
Proposal 4. Use following 2 separated UE requirements depending on V2V UE implementation. 

· Single-link PSSCH/PSCCH requirement with EVA1500 for Baseline V2V UE

· Single-link PSSCH/PSCCH requirement with EVA2700 for Advanced V2V UE
· Capability of PSCCH DMRS blind detection
For Capability of PSCCH DMRS blind detection, unlike Rel-12 D2D, Rel-14 V2V UE should detect correct DMRS sequence within 8 different cyclic shifted DMRS set. As a results, Rel-14 V2V UE need more computational power to detect correct DMRS sequence blindly. Therefore, PSCCH DMRS blind detection should also be verified during Single-link test requirements by using randomly selected cyclic shift value for each PSCCH transmission. 

Proposal 5. Use randomly selected cyclic shift value for PSCCH on every sidelink transmission to verify PSCCH DMRS blind detection capability.
Anyway, PSCCH DMRS blind detection can be reliably implemented even if relatively simple energy detection is used. In Figure 4, we present our simulation results to check PSCCH DMRS blind detection impact. From simulation results, we can see that there is no reasonable performance difference whether DMRS blind detection is used of not. Therefore we prefer not to use PSCCH DMRS blind detection for simulation purpose.
[image: image7.emf]-8 -7.5 -7 -6.5 -6 -5.5 -5 -4.5 -4 -3.5

PSCCH SNR [dB]

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

PSCCH detection performance under AWGN

w/o DMRS BD

w/ DMRS BD

[image: image8.emf]-8 -7 -6 -5 -4 -3 -2 -1 0 1 2

PSCCH SNR [dB]

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

PSCCH detection performance under EVA1500

w/o DMRS BD

w/ DMRS BD


Figure 4. Simulation Results to check PSCCH DMRS blind detection impact
(w/o Frequency offset & CFO estimation/compensation)
3 Conclusion
In this contribution, we provide our views on V2V single-link demodulation requirements. For proposals, we propose followings;
Proposal 1. Introduce explicitly separated PSCCH and PSSCH test.
Proposal 2. For PSSCH requirement, use 1 retransmission for PSSCH scheduling.

Proposal 3. For PSCCH requirement, do not use retransmission for PSSCH scheduling.
Proposal 4. Use following 2 separated UE requirements depending on V2V UE implementation. 

· Single-link PSSCH/PSCCH requirement with EVA1500 for Baseline V2V UE

· Single-link PSSCH/PSCCH requirement with EVA2700 for Advanced V2V UE
Proposal 5. Use randomly selected cyclic shift value for PSCCH on every sidelink transmission to verify PSCCH DMRS blind detection capability.
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