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[bookmark: _Ref124671424][bookmark: _Ref71620620][bookmark: _Ref124589665]In this paper, we discuss several open issues in V2V demodulation performance tests according to the agreed WF [2], namely:
1. Rx timing window assumption
2. CFO and Doppler shift estimation algorithm.
3. The impact of Doppler spread on V2V UE demodulation performance.
4. Simulation assumption for
a. Single link PSCCH test
b. Single link PSSCH test
c. Maximum power imbalance test
d. Maximum process test.
Discussion
PSSCH and PSCCH joint Decoding
As PSSCH and PSCCH are transmit in the same subframe in V2V, three fundamental limits emerge:
1. The transmitting power of PSSCH and PSCCH are correlated. Specifically, PSCCH PSD is always 3dB higher than that of PSSCH.
2. When HARQ retransmission is used for PSSCH, no soft-combining is possible for the corresponding PSCCH. Yet, the final PSSCH demodulation performance is depend on whether at least the first PSCCH is decoded (so that soft-combining 2 transmissions is possible) or only the second PSCCH is decoded (PSSCH decode using only re-transmission)
3. In frequency selective channels, the SNR at PSCCH RBs can be different but correlated with the SNR at PSSCH RBs. The correlation can be very high for the case PSCCH and PSSCH adjacent, which RAN4 agreed to consider as the baseline.
Given all these considerations, we can see that PSSCH and PSCCH performance is dependent and cannot be studied separately. 
Proposal 1: RAN 4 to define PSSCH and PSCCH demodulation performance jointly. 
Rx timing window
When every UE follows GNSS timing, the Rx timing window is related to the maximum expected communication range. Note that the delay of one CP length corresponds to 1.4km, half of CP length correspond to 700m. Since 700m is a reasonable communication range in V2V and the current LTE-V2V budget can meet this distance, we think that setting RX timing window on CP/2 from the GNSS reference time is a necessary assumption.
Proposal 2: RX timing window is set on CP/2 from the GNSS reference time.
CFO and Doppler Shift Estimation Algorithm
As V2V communication is at 5.9GHz frequencies, the Doppler shift coming from fast moving cars case can be up to 2700Hz (500km/h relative speed). Thus, the total frequency shift can be up to 3900Hz. As some of the contributions [1] in RAN4#80bis has notice, this value exceeds the ambiguity resolution threshold of the cross DMRS CFO estimation algorithm, which is limited by the distance of 3 OFDM symbols between any two consecutive DMRS.
Even when the frequency shift is small, we cannot expect the channel to be the same in two consecutive DMRSs due to high mobility. Thus, the performance of cross DMRS algorithm still degrades in this case. 
For this exact reason, there was a long debate in RAN1 about DMRS signal design to enable intra-DMRS CFO estimation algorithm. Initially, SRS like DMRS structure is proposed since the corresponding signal in time domain is two repeated half symbols. The intra- DMRS algorithm in this case is just a cross correlation between two half symbols and find the phase of the result. However, since the SRS like DMRS requires a lot of specification works and later there is a proposed intra- DMRS algorithm [3] that works for the conventional DMRS, the conventional DMRS structure is specified for V2V with the understanding that the proposed algorithm can be the baseline for intra- DMRS CFO Estimation. We propose that RAN4 only consider intra- DMRS CFO Estimation and use the proposed algorithm as the baseline.
Proposal 3: RAN4 only consider intra- DMRS CFO Estimation and use the algorithm in Table 1 as the baseline.
Impact of Doppler Spread Table 1. Half DMRS Symbol CFO Estimation Algorithm
Frequency offset estimation using half-symbol based algorithm on DMRS
1. For each received reference symbol, convert the interested RBs (on which DMRS is used) into time-domain signal  where k = 0,1,2,3 (for 4 Comb-DMRS symbols) and n=0, 1…N-1, where N is equal to 12*number of RBs.
2. Similarly, convert local DMRS into time domain signals.
3. Estimate the timing offset by hypothesis search, which can be done in a hierarchical way to get high accuracy (e.g., 0.1µs step size) with low complexity. Let the estimated delay be d. 
4. Perform a time shift to , which gives  
5. Estimate frequency offset by computing the phase changes between the first halves and second halves of. Specifically, 


In NLOS propagation condition, high mobility at high frequency give rise to high Doppler spread. This high Doppler spread is reflected in small channel coherence time. The number of DMRS in V2V is increased to 4 to scope with this decreased coherence time. Given this, the ability of UE to handle high Doppler spread lies in the time domain channel interpolation. As RAN4 requirements is with baseline receiver assumption, we propose to consider linear interpolation between DMRS symbols as the baseline here for simplicity.
Proposal 4: Consider linear interpolation between DMRS symbols as the baseline.
On the other hand, even with denser DMRS symbols, the maximum relative speed can be supported (based on coherence time limit) is only 340km/h. Thus, it is infeasible to support speed up to 500km/h without performance degradation due to channel estimation error. RAN1 decided to handle this particular case by decreasing coding rate to compensate for channel estimation error. This is done by increasing the number of allocated RBs and the number of retransmissions for Data. However, it is important to note the number of RBs is always 2 and no soft-combining is possible for SA, so SA performance can be a bottleneck in this case. A PSD boosting of 3dB is specified to alleviate this problem. Based on this discussion, we propose to specify more relaxed performance requirements for high speed channels based on RMCs corresponding to the MCS adaptation rules in RAN1 specification [4].
Proposal 5: Define more relaxed performance requirements for high speed channels based on RMCs corresponding to the MCS adaptation rules in RAN1 specification.
Maximum Power Imbalance
The maximum power imbalance requirement is always limited by the in-band emission requirement, since the low power signal must be at some SNR level higher than the IBE of the high power signal at the corresponding RBs. Although it is reasonable to reuse the power imbalance value of 20,5dB from D2D, it is important to verify that this value is compatible with V2V IBE requirement. As noted in our companion contribution, legacy IBE requirements cannot be applied directly to V2V as it is since V2V waveform is 2 super-imposed SC-FDM waveforms. We propose to concentrate on other demodulation performance requirement and defer the maximum power imbalance requirement until IBE requirement is finalized in RF room.
Proposal 6: RAN4 to concentrate on other demodulation performance requirement and defer the maximum power imbalance requirement until IBE requirement is finalized in RF room.
[bookmark: _GoBack]Conclusion
Proposal 1: RAN 4 to define PSSCH and PSCCH demodulation performance jointly. 
Proposal 2: RX timing window is set on CP/2 from the GNSS reference time.
Proposal 3: RAN4 only consider intra- DMRS CFO Estimation and use the algorithm in Table 1 as the baseline.
Proposal 4: Consider linear interpolation between DMRS symbols as the baseline.
Proposal 5: Define more relaxed performance requirements for high speed channels based on RMCs corresponding to the MCS adaptation rules in RAN1 specification.
Proposal 6: RAN4 to concentrate on other demodulation performance requirement and defer the maximum power imbalance requirement until IBE requirement is finalized in RF room.
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