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1. Introduction

The Rel-14 V2V WI [1] introduced the support of the V2V PC5 (sidelink) communication. In particular, a number of SL physical layers enhancements were made to ensure reliable operation for the V2V propagation environments. In accordance to the Rel-14 V2V WI objectives the RAN4 WG needs to specify UE demodulation requirements for the new V2V sidelink physical channels. In the previous meetings agreements on the V2V UE demodulation requirements test cases were reached [2]:

	· Test cases and purposes
· Single-link PSSCH and PSCCH demodulation performance
· Multi-link PSSCH and PSCCH demodulation performance
· Maximum process test


The following agreements on the single-link demodulation requirements were reached [3]:

	· For PSSCH, define following test cases
· EVA180, MCS13, 20MHz, retransmission: 0 time
· EVA2700, MCS4, 10MHz, retransmission: 1 time
· For PSCCH, define following  test cases
· EVA1500
· For joint decoding of control and data in frequency selective fading channels:
· Explicit model in simulation.
· Companies are encourages to submit results with explicitly modelled joint decoding.
· CFO and Doppler Shift Estimation Algorithm
· “Single-DMRS” estimation


In addition three draft CRs on the introduction of the performance requirements were endorsed [4-6].

In this contribution we provide further discussion on the single link demodulation performance requirements.
2. PSSCH performance requirements
2.1 General test parameters
The following PSSCH test parameters are proposed for the PSSCH performance requirements:
· Bandwidth: 10 MHz only. There is no need to duplicate tests for 10 and 20 MHz, since V2V capable UEs should be able to support both.
· PSSCH retransmission delay: For the 2 TTI PSSCH transmission case soft-combining needs to be assumed. The interval between the two transmissions should be X ms with X > 1 to avoid possible impacts from cross subframe channel estimation (which is not assumed to be a baseline implementation) on the performance requirements. In particular, X = 8 is recommended.
· Adjacent/Non-adjacent PSSCH/PSCCH: The UE demodulation test cases for both adjacent and non-adjacent PSSCH/PSCCH transmissions need to be defined to ensure sufficient test coverage. The existing test cases are define under assumption of adjacent PSSCH/PSCCH transmission. Additional test for the non-adjacent case needs to be introduced.

· Target PSSCH requirement: The V2V communications is planned to be used for the safety applications. From RAN1 perspective the design was optimize to ensure reliable operation with > 90% PRR (packet reception ratio) inside a certain distance. Hence, the physical layer processing should ensure reliable enough operation and at most 5% BLER test point is recommended to be used to define the requirements.
· Timing error model: There are several factors affecting relative timing error including:

· TX timing error vs the synchronization reference, 

· Propagation delay

· RX timing error vs the synchronization reference. 

The RX synch error cannot be directly controlled in the test and depends on UE implementation. So, from simulation perspective one should assume the worst case ±12Ts error.
The TX timing error as well as propagation delay should be provided in the test setup. Per previous agreements “V2V RX timing window is assumed to be set on CP/2 from the GNSS reference time”. Hence, the V2V communication range is approximately limited by CP/2 – 24Ts which corresponds to ~470m. In our view, there are obvious benefits to consider certain propagation delay into the test setup to ensure that receiver can perform correct processing.

Proposal #1:
Define the PSSCH demodulation test cases under following assumptions
· 10 MHz only

· 8ms ReTx delay for the 2TTI PSSCH test case

· [5]% PSSCH BLER target requirement

· TX signal time offset vs GNSS reference = “CP/2 – 12Ts”

2.2 Simulation results
In the previous meeting it was agreed to define the following PSSCH test cases

· EVA180, MCS13, 20MHz, retransmission: 0 time
· EVA2700, MCS4, 10MHz, retransmission: 1 time
In Figure 1 we illustrate the PSSCH simulation results for the two test cases under assumption of using Ideal and Practical channel and CFO estimation algorithms. For the EVA2700 scenario it may be observed that the system is experiencing noise floor which does not allow achieving satisfactory performance under reasonable SNR point and has approximately 10 dB performance loss vs the case of perfect channel estimation.
	EVA-180, 16QAM, 1 TTI
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	EVA-2700, QPSK, 2 TTIs

[image: image2.emf]-8 -6 -4 -2 0 2 4 6 8 10

SINR, dB

10

-2

10

-1

10

0

B

L

E

R

V2V PSSCH, 6 GHz, 10MHz, QPSK, 1/3, EVA-2700Hz

Perfect FOE, Perfect CE

Perfect FOE, Linear CE

Practical FOE, Linear CE



	Figure 1. PSSCH simulation results (Channel and CFO estimation impact).


Substantial performance loss for EVA2700 scenario can be explained by highly inaccurate channel estimation performance which is illustrated in Figure 2. It may be observed that for the case of high speed channel, the channel estimation MSE almost does not depend on the SNR level and keeps at -2dB level.
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Figure 2. Channel estimation MSE
In Figure 3 we also illustrate a typical realization of the receive signal constellation after the frequency domain MMSE equalization for the case of using perfect and imperfect channel estimation and for different propagation conditions under noise-free conditions. The illustrations clearly indicate that imperfect channel estimation results in substantial noise propagation that limits the PSSCH demodulation performance.
	Perfect channel estimation.
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	Practical channel estimation.
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	Figure 3. Channel estimation impact on QPSK demodulation (RX symbol constellation).


In accordance to the simulation results, it may be problematic to reach reliable demodulation performance for the EVA2700 channel conditions due to error floor effects. Hence, under practical conditions, it may be difficult to guarantee that the target performance requirements can be achieved. In addition, we want to note that the considered scenario is a sort of corner case which indeed will likely not be observed under practical deployment. In order to overcome the issue we consider the following possible solutions:
1) Option 1: Do not define requirements for the high speed conditions

2) Option 2: Modify the test case (one or more options below)
a. Option 1: Reduce the max speed to [280] km/h (EVA1500-Hz)

b. Option 2: Reduce the PSSCH resource allocation size
c. Option 3: Reduce PSSCH MCS (QPSK 1/6 + 2 TTIs)
d. Option 4: Use AWGN environment with high CFO
Proposal #2:
Modify the high speed conditions PSSCH test case parameters
· Option 1: Reduce the max speed to [280] km/h (EVA1500-Hz)

· Option 2: Reduce the PSSCH resource allocation size 

· Option 3: Reduce PSSCH MCS (QPSK 1/6 + 2 TTIs)
· Option 4: Use AWGN environment with high CFO
3. PSCCH performance requirements
3.1 General test parameters

The following PSCCH test parameters are suggested

· Cyclic shift: DMRS cyclic shift is randomly selected for each PSCCH transmission in order to ensure that UE applies multi DMRS hypothesis testing. The same principles should be adopted for the PSSCH test.
· PSSCH payload: In the previous meetings RAN1 identified a possible issue in case of overlapping PSSCH transmissions the PSSCH transmissions from 2 UEs in the same resources would have same DMRS sequence. To avoid such situations RAN1 concluded that “In the single subframe transmission case, the current specifications allow a UE implementation to select the un-used or redundant bits/code-points in SCI format 1”. From the test perspective we recommend to take this into account and assume that unused PSCCH payload bits are randomized (e.g. frequency resource location of initial TX and ReTx; ReTx index).
· Target requirement: 1% or 5% PSCCH BLER
Proposal #3:
Define the PSSCH demodulation test cases under following assumptions
· DMRS cyclic shift is randomly selected for each PSCCH transmission
· Unused PSCCH payload bits are randomized 

· [1-5]% PSCCH BLER target requirement
3.2 Simulation results

The PSCCH simulation results are illustrated in Figure 4 for the case of practical and perfect channel and CFO estimation cases. It may be observed that the PSCCH demodulation performance is relatively stable and reliable for the selected test case conditions.
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	Figure 4. PSCCH simulation results (Channel and CFO estimation impact).


4. Reference receiver assumptions

In the previous meeting certain simulation results misalignment was achieved. The results span is most likely caused by different reference receiver assumptions used by companies. Below, we summarize the key assumptions agreed so far:

· LMMSE-MRC reference receiver structure is used
· V2V UE receiver is capable of PSCCH DMRS cyclic shift blind detection 
· V2V RX timing window is assumed to be set on CP/2 from the GNSS reference time

· Channel estimation interpolation filter in time domain
· Option 1: Linear channel interpolation
· Option 2: Doppler spread conditions adaptive interpolation
· CFO and Doppler Shift Estimation Algorithm: “Single-DMRS” estimation
· AGC settling time (not used for demodulation): Single symbol
· If results from companies are not aligned, FFS for detailed receiver assumptions
In our view, given substantial spread of the simulation results in the previous meeting, additional receiver simulation assumption need to be further discussed.

4.1 Channel estimation algorithm
In Figure 5 we illustrate the PSSCH simulation results under assumption of using MMSE and adaptive and linear channel interpolation in time domain. The simulation results show that the performance is almost identical for the EVA180 propagation conditions. Meantime, “Linear” interpolation leads to certain performance loss vs “MMSE for the EVA2700 channel. In general, either algorithm is possible from the implementation perspective. In order not to penalize one algorithm the minimum requirements for the high speed channel can be defined based on Linear interpolation.
	EVA-180, 16QAM, 1 TTI
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	EVA-2700, QPSK, 2 TTIs
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	Figure 5. PSSCH simulation results (Linear vs MMSE channel interpolation).


Proposal #4:
Define the minimum V2V demodulation requirements based on the assumption of using linear channel interpolation in time domain. Exact channel estimation algorithm is up to UE implementation.
4.2 Channel and noise estimation granularity
The receiver processing granularity for the channel and noise estimation granularity were not discussed so far. In Figure 6 we provide link level results for PSSCH and PSCCH for different receiver processing assumptions:

· Receiver #1: Channel estimation granularity – 1 PRB, Noise estimation – 1PRB.

· Receiver #2: Channel estimation granularity – 3 PRB, Noise estimation – 1PRB.
· Receiver #3: Channel estimation granularity – 3 PRB, Noise estimation – 3PRB.
It may be observed that channel and noise estimation granularity in frequency domain have very limited impact on the demodulation performance and may not be specified for the purpose of the minimum requirements definition.
	EVA-180, 16QAM, 1 TTI
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	EVA-2700, QPSK, 2 TTIs
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	Figure 6. Channel and noise estimation impact


Proposal #5:
Do not specify the channel and noise estimation granularity in frequency domain for the minimum requirements definition
4.3 CFO estimation granularity
In the previous meeting it was agreed to use single DMRS CFO estimation in order to enable V2V communication for the high speed scenarios. For the PSCCH demodulation purposes it is natural to use DMRS inside 2 PRBs for the purpose of CFO estimation. Meantime, several approaches for the PSSCH CFO estimation can be considered:
· Option 1: Obtain CFO estimation using PSSCH DMRS
· Option 2: Obtain CFO estimation using PSCCH DMRS (i.e. 2 PRB BW)
Taking into account the implementation complexity and the fact the PSSCH/PSSCH transmissions are quasi-collocated it is reasonable to reuse CFO estimates obtained during the PSCCH processing for the purpose of PSSCH demodulation rather than obtaining new estimates. In Figure 8 we illustrate the impact on the PSSCH demodulation performance or both scenarios. It may be observed that Option 1 has minimal impact on the performance for the low speed propagation conditions, while certain degradation may be observed for the high speed environment although it still allows successful decoding. In order to avoid penalization of Option 2 processing it is recommended to define the requirements under assumption that UE reuses CFO estimates obtained during the PSCCH processing for the purpose of PSSCH demodulation.

	EVA-180, 16QAM, 1 TTI
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	EVA-2700, QPSK, 2 TTIs
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	Figure 8. PSSCH simulation results - CFO granularity estimation impact


Proposal #6:
Define the minimum PSSCH requirements under assumption that the CFO is estimated using PSCCH DMRS (2 PRB estimation BW)
4.4 PSCCH DMRS detection assumptions

In accordance to the RAN1 design the cyclic shift for the PSCCH DMRS is randomly selected out of {0, 3, 6, 9} by the transmitter on a subframe basis. The functionality was introduced to improve the signal reception in the interference limited conditions. In order to perform successful PSCCH reception, UE should be capable to perform blind detection of the DMRS cyclic shift. In particular, the following agreements were reached by RAN1:

	· PSCCH DM RS CS is blindly detected.

· Transmitter UE randomly selects one CS out of 4 candidates (details FFS) for every PSCCH transmission.
· At each SA resource candidate, a UE is not required to decode more than one PSCCH.

· It is RAN1 understanding that a UE will select the CS with the highest reception power. The related UE requirement is up to RAN4 decision.


So, for the definition of the Rel-14 V2V demodulation requirements the performance requirements should not require decoding more than one PSCCH for each SA resource candidate. In the latter case it is reasonable to assume that UE performs RX processing for the CS hypothesis with the strongest measured PSCCH-RSRP (similar to RAN1 understanding).

Proposal #7:
V2V UE demodulation requirements are defined under assumption that UE performs single SA hypothesis decoding
5. Test time reduction
The V2V test methodology is expected to be relatively similar to the D2D test methodology. In particular, it is anticipated that for the conformance testing a special test loop mode will be introduced in order to control that UE maintains the packet reception statistics and reports it back to the test equipment. 

One of the differentiating factors for V2V is that the performance requirements are planned to be introduced under GNSS based synchronization assumptions in the OOC conditions. In accordance to the RRM discussion, the time to establish GNSS synchronization depends on the availability of GNSS assistance information at the UE side. In case the information is not available at the UE side the acquisition may take long time thus increasing the overall test time. In particular, for the case of cold start the TTFF can take up to 15minutes while for A-GNSS case the TTFF is < 20 sec as specified in the TS 36.171. The test time is a critical factor for the demodulation requirements and hence we recommend RAN4 to come up with a solution to reduce this. The following possible options can be considered:
· Option 1: Define the test cases under assumptions of GNSS synchronization and no A-GNSS. In this case the test time may become too big and this situation should be avoided.

· Option 2: Define the test cases under assumptions of GNSS synchronization and GNSS assistance provided during the test. The details on how to make this can be left up to RAN5. 

· Option 3: Define the test cases under assumption of eNB synchronization.
· Option 4: Request RAN5 for inputs on test time and postpone the discussion

From our side Options 2 and 3 are more preferable.
Proposal #8:
Further discuss the following options on the test time reduction (due to long GNSS synch acquisition):
· Option 1: Define the test cases under assumptions of GNSS synchronization and no A-GNSS. 

· Option 2: Define the test cases under assumptions of GNSS synchronization and GNSS assistance provided during the test. The details on how to make this can be left up to RAN5. 

· Option 3: Define the test cases under assumption of eNB synchronization.

· Option 4: Request RAN5 for inputs on the impacts of GNSS synch acquisition on the test time and postpone the discussion
6. Test specification structure

In our view RAN4 should carefully discuss the test specification structure which would ensure that both V2V and V2X demodulation requirements can be defined in a same place and further extension would be relatively easy to do. 

An example of the structure is suggested below to capture the UE demodulation performance requirements:

	14 Performance requirement (V2V and V2X Communication)

14.1 General



14.1 Applicability of requirements

14.2 Demodulation of PSSCH



14.2.1 Standalone V2V Sidelink operation




14.2.1.1 Single link performance




14.2.1.2 Multiple link performance




14.2.1.3 Power imbalance performance with two links




14.2.1.4 Maximum Sidelink processes test



14.2.2 TBD (e.g. can be used for in-coverage test cases)

14.3 Demodulation of PSCCH



14.3.1 Standalone V2V Sidelink operation




14.3.1.1 Single link performance




14.3.1.2 Maximum Sidelink processes test



14.2.2 TBD (e.g. can be used for in-coverage test cases)

14.4 Demodulation of PSBCH



14.2.2 TBD 


Proposal #9:
Further discuss the V2V demodulation test structure before proceeding with introduction of the CRs
7. Conclusions

In this contribution we have provided our views on the V2V demodulation performance requirements. In summary, we make the following proposals:
Proposal #1:
Define the PSSCH demodulation test cases under following assumptions
· 10 MHz only

· 8ms ReTx delay for the 2TTI PSSCH test case

· [5]% PSSCH BLER target requirement

· TX signal time offset vs GNSS reference = “CP/2 – 12Ts”

Proposal #2:
Modify the high speed conditions PSSCH test case parameters
· Option 1: Reduce the max speed to [280] km/h (EVA1500-Hz)

· Option 2: Reduce the PSSCH resource allocation size 

· Option 3: Reduce PSSCH MCS (QPSK 1/6 + 2 TTIs)
· Option 4: Use AWGN environment with high CFO
Proposal #3:
Define the PSSCH demodulation test cases under following assumptions
· DMRS cyclic shift is randomly selected for each PSCCH transmission
· Unused PSCCH payload bits are randomized 

· [1-5]% PSCCH BLER target requirement
Proposal #4:
Define the minimum V2V demodulation requirements based on the assumption of using linear channel interpolation in time domain. Exact channel estimation algorithm is up to UE implementation.
Proposal #5:
Do not specify the channel and noise estimation granularity in frequency domain for the minimum requirements definition
Proposal #6:
Define the minimum PSSCH requirements under assumption that the CFO is estimated using PSCCH DMRS (2 PRB estimation BW)
Proposal #7:
V2V UE demodulation requirements are defined under assumption that UE performs single SA hypothesis decoding
Proposal #8:
Further discuss the following options on the test time reduction (due to long GNSS synch acquisition):

· Option 1: Define the test cases under assumptions of GNSS synchronization and no A-GNSS. 

· Option 2: Define the test cases under assumptions of GNSS synchronization and GNSS assistance provided during the test. The details on how to make this can be left up to RAN5. 

· Option 3: Define the test cases under assumption of eNB synchronization.

· Option 4: Request RAN5 for inputs on the impacts of GNSS synch acquisition on the test time and postpone the discussion
Proposal #9:
Further discuss the V2V demodulation test structure before proceeding with introduction of the CRs
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