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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 meeting initial agreements on the V2V UE demodulation requirements scenarios and assumptions were reached [2]:

	· Working assumptions

· Band47 for V2V performance requirements, i.e. standalone V2V operation will be defined in V2V and Performance requirements for non-standalone scenario will be defined in V2X. 
· only consider GNSS or GNSS-equivalent as the synchronization source for V2V performance requirements
· TX/RX Timing error: ±12Ts 
· TX/RX Frequency error: ±600Hz
· AGC settling time (not used for demodulation)
· Single symbol

· Baseline: adjacent RBs are allocated for SA and its associated PSSCH transmission in the same subframe
· Physical channels
· Introduce performance requirement for PSSCH and PSCCH
· Discuss whether PSSCH and PSCCH should be tested jointly
· 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
· UE speed and propagation condition
· The maximum speed to be used for requirements is FFS
· Companies are encourage to provide evaluation results for different relative vehicular speeds and also LOS/NLOS conditions
· 280 km/h @ 5.9GHz
· 500 km/h @ 5.9GHz
· Other choice are not precluded
· HARQ retransmission
· Should comply with RAN1/2 conclusion


In this contribution we provide further views on the scenarios for the V2V UE demodulations performance requirements as well as high-level overview of test cases.
2. Scenarios

2.1 Channel models

Depending on whether V2V link has LOS or NLOS propagation conditions, either Doppler shift or Doppler spread effects will have dominant impacts on the UE demodulation performance. So, the receiver algorithms to handle both Doppler shift (and CFI) and Doppler spread effects need to be considered. Therefore, different channel models should be considered for performance verification. In particular, static channels or fading channel models with low Doppler spread can be considered for the verification of the CFO handling, while EVA or ETU channels with high Doppler spread can be used for the verification of channel estimation capabilities.

Proposal #1:
Use static channel models or fading channel models with low Doppler spread for the CFO handling verifications.

Use fading EVA or ETU channel models with high Doppler spread for the Doppler spread handling verification.
2.2 High speed propagations conditions

In accordance to the WID the V2V communication should be supported for the 500km/h relative vehicles speed conditions. Meantime, the existing V2V physical channels design is not completely optimized for such high speed environments and the eventual performance requirements may need to be defined for the lower speeds. As discussed in the companion paper the maximum supported relative UE speed has direct impact on the RX algorithms implementation.

For instance, for the NLOS conditions the maximum speed is limited by the maximum Doppler spread, which can be handled by the channel estimator interpolation filter and eventually depends on the time separation between the two DMRS. In Figure 1 below, we illustrate the PSSCH demodulation performance and channel estimation MSE for the EVA channel models for a range of relative UE speeds. The results are provided under assumptions of no CFO at the TX/RX side and for the case when PSSCH has robust transmission parameters (QPSK 1/3). It may be observed that for scenarios with 500 km/h relative UE speed PSSCH performance is poor due to high channel estimation error for such conditions. Therefore, the max speed for the demodulation requirements should be no more than 400km/h for NLOS channels under assumptions that there are no CFO errors.
Observation #1: The maximum Doppler spread, which can be handled by the channel estimator interpolation filter is upper bounded by ~2.3 kHz. For scenarios with 500 km/h relative UE speed reliable PSSCH demodulation performance cannot be to high channel estimation errors.
The maximum supported speed would also depend on the CFO estimation method (“Cross symbol DMRS” or “Same symbol DMRS”) as described in the companion paper [3]. The “Same symbol DMRS” method allows larger CFO estimation range at the cost of increased UE implementation complexity and reduced estimation accuracy. So, the “Cross DMRS” method is suggested for the definition of the minimum performance requirements.

Observation #2: The maximum CFO which can be estimated using two neighbouring DMRS is ~2.3 kHz.
Given all these factors, we suggest to limit the max speed used for the definition of the minimum performance requirements. In particular, it is suggested to limit the max CFO which may need to be handled at the RX side by 2.3 kHz. For the 5.9 GHz band, under assumption of no TX frequency error and ±0.1ppm RX frequency error such constraint would correspond to ~300km/h relative UE speeds conditions. In case additional ±0.1 ppm TX frequency errors are included, the max speed should be limited by ~200 km/h.
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	Figure 1. Doppler spread handling analysis.


Proposal #2:
The max RX CFO to define the requirements is 2.3 kHz.

The max speed for the definition of the minimum performance requirements is up to 300km/h for no TX CFO case and up to 200km/h for ±0.1ppm TX CFO case.
2.3 Synchronization aspects
In the previous meeting it was agreed that the performance requirements are introduced under assumption that GNSS synchronization is expected to be used. The discussion on the SLSS and eNB based synchronization approaches was deprioritized and deferred to a later stage (V2X WI). Therefore, the V2V UE demodulation requirements are expected to be defined under assumptions of using GNSS synchronization, which has ±12Ts timing and ±0.1ppm frequency accuracy. We would like to note that GNSS based synchronization is expected to ensure better timing and frequency accuracy comparing to the SLSS and eNB based synchronization approaches. In case the UE demodulation requirements are now defined based solely under GNSS based synchronization assumptions, then further some compatibility issues may be foreseen once SLSS and eNB based synchronization methods are introduced and the requirements may need to be revisited to ensure joint operation of UEs with different synchronizations sources in the same network. So, we encourage RAN4 to further discuss on how to define the V2V demodulation requirements in order to avoid duplicated work in the V2X WI scope.

Proposal #3:
Further discuss how to ensure forward compatibility of the Rel-14 V2V requirements with GNSS synchronization and anticipated Rel-14 V2X requirements with eNB/SLSS synchronization.

3. Single-link demodulation test cases
In accordance to the RAN4 #80bis agreements three main test purposes are considered for the single link demodulation performance:

· Verification of capability to handle high CFO
· Verification of capability to handle high and low Doppler spread
· Verification of capability of PSCCH DMRS blind detection
The following single-link demodulation test cases design principles are suggested for further consideration:
· Synchronization: GNSS based

· Band 47 only
· The test cases should be defined for 10MHz and 20MHz BWs

· Noise limited environment (i.e. no collisions from different V2V transmissions)

· Separate test cases for PSSCH and PSCCH should be introduced to ensure independent feature testing

3.1 Test #1: PSSCH demodulation performance
The following PSSCH demodulation test case parameters should be considered:

· The PSCCH parameters need to be configured in a way to ensure reliable reception and avoid SCI decoding errors.
· Test case #1a: AWGN or Low Doppler fading channel + High CFO

· Verification of UE capability to handle high CFO
· FFS - Verification of UE capability to handle low Doppler spread
· AWGN or EVA channel model used with max speed of [30] km/h

· The maximum CFO is 2.3kHz and should take into account TX/RX frequency errors as well as Doppler shift due to propagation

· Test case #1b: Fading channel + No CFO + High Doppler fading 

· Verification of UE capability to handle high Doppler spread

· EVA channel model with max speed of 300 km/h

· Test case #1c: Fading channel + No CFO + Low Doppler fading (in case Test 1a is AWGN)
· Verification of UE capability to handle low Doppler spread

· EVA channel model used with max speed of [30] km/h

· Potentially some of the test cases can be combined into a single multi-link test case (e.g. UE receives transmissions from two other UEs with different propagation conditions). In the latter case the separate requirements for the reception of different signals can be considered.

· Resource allocation is FFS. The test cases for both adjacent and non-adjacent PSSCH/PSCCH transmissions can be defined. 
· PSSCH HARQ retransmissions are FFS. At least one test case can be introduced to verify soft-combing implementations.
· Test cases should cover both QPSK and 16QAM transmissions

3.2 Test #2: PSCCH demodulation performance
The following PSCCH demodulation test case parameters should be considered:

· DMRS cyclic shift is randomly selected for each PSCCH transmission in order to ensure that UE applies multi DMRS hypothesis testing.
· No PSCCH retransmissions.

· Same set of scenarios as for PSSCH (2a, 2b, 2c) can be considered to ensure consistent UE performance.
4. Multi-link PSSCH and PSCCH demodulation performance test cases
In accordance to the RAN4 #80bis agreements three main purposes are considered for the multiple link 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
The following multiple-link demodulation test cases design principles are suggested for further consideration:

· Synchronization: GNSS based

· Band 47 only
· The test cases should be defined for 10MHz and 20MHz BWs

· Noise limited environment (i.e. no collisions from different V2V transmissions)
4.1 Test #1: Multi-link signal reception
The following multi-link signal reception test case parameters should be considered:

· Purpose: Ensure that UE is capable of simultaneous reception of multiple V2V links with different propagation conditions (time offset, carrier frequency error, delay spread, Doppler spread)
· In each subframe UE is supposed to receive signals from two V2V transmitters 

· V2V TX UE #1: Time offset 1, CFO 1, Delay spread #1, Doppler spread #1

· V2V TX UE #2: Time offset 2, CFO 2, Delay spread #2, Doppler spread #2

· The exact parameters are for further discussion and need to ensure that UE is capable to perform reception of each signal and adjusts RX signal parameters accordingly

4.2 Test #2: Power imbalance test case

The following power imbalance test case purposes and parameters should be considered:

· Purpose: The purpose of this test is to check the demodulation performance when receiving PSSCH transmissions from two Sidelink V2V UEs with power imbalance in one subframe. Technically, the test should ensure in-channel selectivity and dynamic range of UEs.
· Generic Rel-12 D2D methodology [4-5] can be reused:
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· The target requirement ICS = -21 dBc
· Select SINR2 from simulation results for decoding SNR@70% throughput point. 

· Select SNR2 such that SNR2 >> SINR2 (e.g., 5dB higher)

· Compute SNR1 from the relation: SINR2 = SNR2 – 10*log10(10^((SNR1 + ICS)/10)+1).

· In order to avoid possible impacts from the 3 dB power offset between the PSCCH and PSSCH it is suggested to use non-adjacent PSSCH/PSCCH transmissions.
5. Maximum process test case

In RAN4 #80bis similarly to the Rel-12 D2D framework a test case to verify V2V UE peak processing capabilities was agreed to be introduced. 
Meantime, in our understanding the assumptions on the receiver peak processing capabilities for V2V are not well defined. The following RAN1 agreements on the V2V peak processing capabilities from the RX side were made:
· A UE is not expected to try to decode more than [100] RBs in a subframe.

· A UE is not expected to try to decode more than [10] PSCCHs in a subframe.

In Rel-12 the following agreements on the D2D Communication UE receiver capabilities were made:

· The maximum number of Sidelink processes that a D2D UE is expected to handle is 16

· The maximum number of Sidelink transport block bits received within a TTI is set to 25456

· The maximum number of bits of a single Sidelink transport block is 25456

However, for the V2V framework it is not clear whether same assumptions may hold true since this topic was not explicitly discussed in RAN1. No explicit agreements on the maximum number of sidelink processes, max transport block size and max number of transport block bits per TTI were made. 
Observation #3: The V2V UE receiver capabilities are undefined and need further discussion in other WGs
Therefore, additional information from RAN1 is required to proceed with the maximum process test case and it is recommended to request RAN1 to provide respective information.
Proposal #4:
Request RAN1 on the LTE V2V peak processing capabilities in terms of maximum number of sidelink processes, max transport block size and max number of transport block bits per TTI.

6. Conclusions

In this contribution we have provided our views on the V2V UE demodulation requirements scenarios and test cases. In summary, we make the following proposals:

Proposal #1:
Use static channel models or fading channel models with low Doppler spread for the CFO handling verifications.


Use fading EVA or ETU channel models with high Doppler spread for the Doppler spread handling verification.
Proposal #2:
The max RX CFO to define the requirements is 2.3 kHz.


The max speed for the definition of the minimum performance requirements is up to 300km/h for no TX CFO case and up to 200km/h for ±0.1ppm TX CFO case.
Proposal #3:
Further discuss how to ensure forward compatibility of the Rel-14 V2V requirements with GNSS synchronization and anticipated Rel-14 V2X requirements with eNB/SLSS synchronization.

Proposal #4:
Request RAN1 on the LTE V2V peak processing capabilities in terms of maximum number of sidelink processes, max transport block size and max number of transport block bits per TTI.
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