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[bookmark: _Ref298777854]Introduction
[bookmark: _GoBack]In RAN4#78bis meeting, RAN1 has sent one LS to check RAN4 feedback on the feasibility of different alternatives for PC5 DMRS and L1 format for V2V [3]. There are four alternatives for PC5 DMRS design:
· Alt 1: 
· “4V structure” for PSSCH/PSCCH is kept (which is already an agreement in RAN1)
· In order to support 500 km/h relative speed case,  lowering the coding rate can be used
· FFS how to adapt MCS, RB size, and/or number of transmission subframes depending on the situation
· This may or may not have any specification impact
· Confirm the working assumption: 
· 15 kHz subcarrier spacing with 1 msec TTI length
· Alt2
· For PC5-based V2V:
· A DMRS RE is transmitted every 6th subcarrier in all symbols of the scheduled transmission 
· DFT precoding is NOT applied to data REs
· Offset of the DMRS RE within a RB is FFS
· FFS between rate matching and puncturing
· FFS details of the DMRS sequence
· Confirm the working assumption: 
· 15 kHz subcarrier spacing with 1 msec TTI length
· Alt 3: 
· Increased subcarrier spacing from 15kHz to 60kHz is supported for LTE PC5 V2V communication
· Alt 4: Alt 2 + Alt 3 (with 30kHz tone spacing and 0.5ms TTI)

In this paper, we make theoretical analysis, complexity analysis for different alternatives from demodulation and the simulation results are also provided. 
Theoretical analysis
For V2V up to 500km/h, we can assume 2GHz for Uu link and 6GHz for PC5. According to RAN4 specification, the frequency error for UE is ±0.1ppm and the frequency error for eNB is ±0.05 ppm. The key parameters are shown in Table 1.
[bookmark: _Ref450746969]Table 1: RAN4 parameters assumption
	Parameters
	Unit
	Value

	Carrier frequency for sidelink
	GHz
	6

	Carrier frequency for WAN link
	GHz
	2

	Speed
	km/h
	500

	Frequency error for UE
	ppm
	±0.1

	Frequency error for eNB
	ppm
	±0.05



According to Table 1, the maximum Doppler frequency offset is given by:

In case the synchronization source is eNB, the maximum frequency offset observed at receiver for LOS channel is given by:
 = 7.4 kHz
For the first item, it is corresponding frequency error part due to the frequency error of eNB and UE, the second term is corresponding to the Doppler offset between two UEs, and the third term is corresponding to the frequency error due to Doppler offset between eNB and UE. In case synchronization source is GNSS, the maximum frequency offset observed at receiver for LOS channel is given by:

The first item is corresponding to the frequency error due to UE side, and the second item is corresponding to the Doppler frequency offset. 
In Rel-12 D2D performance requirements, the basic frequency offset estimation algorithm is based on adjacent DMRS. This basic algorithm estimates the frequency offset by computing the phase changes between adjacent DMRS symbols. Based on this algorithm, the maximum supported frequency offset is shown in Table 2.
[bookmark: _Ref450737641]Table 2: Maximum supported frequency offset for different alternatives in theory 
	Alternatives
	Maximum supported frequency offset

	Alt.1
	2 kHz

	Alt. 2
	7 kHz

	Alt. 3
	28 kHz

	Alt. 4
	14 kHz



From Table 2, we can see that Alt.1 cannot handle the target Doppler with baseline receiver in theory and other alternatives can handle the target Doppler with baseline receiver in theory. 
Observation 1: Alt.1 cannot handle the target Doppler with baseline receiver in theory and other alternatives can handle the target Doppler with baseline receiver in theory.
More specifically, for alternative 2, the estimated frequency offset can be given by:

where 
: 	The number of OFDM symbols within each TTI
: 	The number of PRBs for each TTI
: 	The received signal in the mth RS RE on the kth OFDM symbol (received signal in the frequency domain)
: The transmitted RS in the mth RS RE on the kth OFDM symbol (local signal in the frequency domain)
: 	The gap between two OFDM symbols

The Complexity of Alt.2 for frequency estimation can be given as:

For alternative 1, since the basic algorithm cannot handle the target Doppler, some advanced channel estimation algorithms are proposed to handle the large frequency offset.  One of advanced channel estimation algorithms is discussed in [1] and the details are given in Appendix A. The key steps are shown in Figure 1.
[image: ]
[bookmark: _Ref450741531]Figure 1: the key steps for the advanced frequency offset estimation algorithm
The complexity for each step is shown in Table 3 for alternative 1. In the table, the complexity for FFT is referred to [2],  is the FFT size for each OFDM symbols. 
[bookmark: _Ref450740397]Table 3: Complexity analysis for frequency offset estimation in Alt.1
	
	Number of real multiplications

	Step 1
	

	Step 2
	

	Step 3
	24N



Assume , search step size is 0.1 us and the maximum delay spread is 5 us, which is corresponding to the delay span of ETU channel, the ratio of the complexity of Alt.1 over Alt.2 is about 50. With the complexity increase, the corresponding power consumption is increased accordingly. 

Observation 2: The complexity for frequency offset estimation with advanced receiver for alternative 1 is about 50 times more than that with baseline receiver for alternative 2, and the power consumption is increased accordingly.  

Simulation results
In this section, link level simulation results are given for Alt.1 and Alt.2 with baseline receiver. The results are shown in Figure 2. 
[image: ]
[bookmark: _Ref447281100]
[bookmark: _Ref450749136]Figure 2: Performance for “Option 1” with 1ms TTI for various UE speeds, for a payload of 300B, 6GHz and frequency offset 1200Hz.
From Figure 2, we can see that when the speed is 500km/h, it has error floor even for lower MCS and high SNR for Alternative 1. For Alternative 2, it can achieve good performance in all SNR range. The theoretic analysis is confirmed. 
Observation 3: For Alternative 1, there is error floor for target Doppler at working SNR range when baseline receiver is assumed. 
Based on these observations, we propose to capture the above observations in the response LS.
Conclusion
In this paper, we made analysis for different alternatives. We have the following observations:
Observation 1: Alt.1 cannot handle the target Doppler with baseline receiver in theory and other Alternatives can handle the target Doppler with baseline receiver in theory.
Observation 2: The complexity for frequency offset estimation with advanced receiver for alternative 1 is about 50 times more than that with baseline receiver for alternative 2, and the power consumption is increased accordingly.  
Observation 3: For Alternative 1, there is error floor for target Doppler at working SNR range when baseline receiver is assumed. 
We propose the response LS capture the above observations.  
Appendix A
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, 
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