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Introduction
There are some agreements and conclusions related to DMRS for PSBCH from the last meeting [1] as follows:
The three alternatives:
· 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
· Supported by:
· LG Electronics, Huawei, HiSilicon, Samsung, CATT, ZTE, Nokia, ASB, OPPO (9)
· Objected by: 
· E///, QC
· Alt 4: Alt 2 + Alt 3 (with 30kzh tone spacing)
· Supported by: Intel, Ericsson, Qualcomm, ITRI (4)
· Alt 5: Alt 1 + adapt MCS, the number of RBs, and number of transmission subframes depending on the UE absolute speed and UE synchronization source (e.g, GNSS or eNB)
· FFS: One or more PSCCH format(s) need to be supported
· Supported by: Ericsson, Huawei, HiSi, LGE, ZTE, CATT, Nokia net., Vodafone, CATR, Samsung, Sharp, Sony, ASB, Lenovo, OPPO, Xinwei (16)

Working assumption:
· Alt. 5
Conclusion:
· All proponents are requested to analyze/evaluate Alt. 5 until the next meeting, and RAN1 will decide the final decision in RAN1 #85 meeting

Some parts of this contribution is the resubmission of reference [2], but the simulation results are updated to show the performance when the bler is down to 0.01. Based on the simulation results we make several observations and proposals.
Discussion
1.1. DMRS structure
In order to support larger frequency shift in V2V, besides comb-DMRS, legacy DMRS structure with enhanced algorithm was also discussed in last meeting. Based on the simulation assumption in table 1, the two schemes denoted by comb and legacy are conducted in figure 1.
In this section, with 1.8K additional frequency offset and 1us time delay, 1PRB with 43bits (assuming SA is transmitted) is applied in simulation to check whether the performances meet the requirements. And the frequency offset estimation algorithms are listed in annex.  
Compared with comb-structure, for the legacy DMRS structure, it is essential to adjust timing for accurate frequency tracking. Channel estimation of four RSs to jointly detect timing. It is noted that the performance for timing adjustment for legacy DMRS can be improved by this way, while there will be delay of whole detection time compared with Comb-DMRS where a single (first) DMRS would be sufficient. 
Also, it is found that the IFFT size which is applied during timing detection and frequency offset estimation affects the performance of legacy DMRS. When the IFFT size is small, the performance will suffer error floor which is proved in Figure 1. Additionally, for multiple FDMed transmitted UEs, multiple additive FFT and IFFT are needed in process when adopting legacy structure. That implies, in order to solve the problem of timing adjustment well, increase of the size of IFFT, e.g. 1024 and the number of IFFT, e.g. the number of transmitted UEs supported in one subframe will become essential condition. However, in implementation, timing/frequency tracking takes small portion of CPU and usage of hardware of FFT compared with data demodulation, the high request of multiple large point FFT usages is neither reasonable nor realistic. In summary, to achieve acceptable performance by legacy DMRS, some of implementation complexity is possibly not affordable when inevitable timing error (even within CP) happens.
On the other hand, Comb-DMRS does not require timing adjustment for frequency tracking. For the process of frequency tracking, it can be realized in time domain directly without additional FFT and IFFT.
And it is noted that Comb-DMRS with 4-symbol DMRS can support performance requirement of PSCCH (1PRB).
Observation 1: Performance of the frequency estimation algorithm for legacy structure DMRS is affected by timing estimation precision which will introduce more complex operation.
Observation 2: Performance adopting legacy DMRS increases at cost of implementation complexity and higher requirements on CPU when inevitable timing error happens (even when timing error is very small).
Observation 3: Comb-DMRS is not sensitive to timing error, and it is not necessary to adopt additional FFT and IFFT to achieve good performance.
Observation 4:  Comb-DMRS with 4-symbol DMRS can support performance requirement of PSCCH (1PRB).
Proposal 1: Confirm working assumption in RAN1#84bis 
Proposal 2: DMRS sequence should be improved as comb-structure to support larger frequency shift in V2V. 
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Figure 1 Link- level performances of comb-DMRS and legacy-DMRS +enhanced algorithm

Table 1. Simulation assumption for DMRS sequence
	
	Comb-Structure 
	Legacy-Structure

	Bandwidth 
	10M Hz
	10M Hz

	Carrier frequency
	6.0GHz
	6.0GHz

	Number of antenna
	1 TX and 2 RX
	1 TX and 2 RX 

	Fading
	  The same as it in [3]
	The same as it in [3]

	channel
	NLOS
	NLOS

	Modulation 
	QPSK 
	QPSK 

	Additional frequency offset
	1.8KHz 
	1.8KHz

	TBsize
	43bits 
	43bits 

	Number of Occupied PRB
	1 
	1 

	Relative speed
	280km/h
500km/h
	280km/h
500km/h

	Frequency estimation 
	DMRS only
	DMRS only 

	Frequency correction
	Yes
	Yes




Conclusion 
In this contribution, we have following observation and proposals:
Observation 1: Performance of the frequency estimation algorithm for legacy structure DMRS is affected by timing estimation precision which will introduce more complex operation.
Observation 2: Performance adopting legacy DMRS increases at cost of implementation complexity and higher requirements on CPU when inevitable timing error happens (even when timing error is very small).
Observation 3: Comb-DMRS is not sensitive to timing error, and it is not necessary to adopt additional FFT and IFFT to achieve good performance.
Observation 4:  Comb-DMRS with 4-symbol DMRS can support performance requirement of PSCCH (1PRB).
Proposal 1: Confirm working assumption in RAN1#84bis 
Proposal 2: DMRS sequence should be improved as comb-structure to support larger frequency shift in V2V.
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Annex
1.2. Algorithm
Frequency offset estimation algorithms used for comb-DMRS and legacy DMRS in section 2.1: 
1. Comb-DMRS: 
0. In the time domain, received DMRS time signal are separated into two parts, where each part comes from one of repeated transmitted signal.
0. Transforms each part of received time signal into frequency domain sequence by applying half size of FFT (N/2, N=1024). 8 times FFT operations are needed.
1. Legacy DMRS structure with enhanced algorithm 
a) Transform received time signal into frequency domain sequence by applying full size of FFT ( N=1024), there are four DMRS symbols, that means, the FFT need to be done 4 times.
0. Timing detection: Correlation with local sequence to obtain the frequency domain channel estimation (H); then 128 points IFFT is applied to transform H to time domain(h)  Timing detection is done by finding the max tap of  h..
b) Transform the local sequence to time domain by full size IFFT, and  adjust time of time domain local sequence. Then correlation is done between the received sequence and local sequence.
c) Frequency offset estimation.

1.3. Complexity comparison
Based on the algorithm described in above subsection, the complexity between two schemes is compared in Table 2:  it is assumed 2 receiving antennas. For data transmission, U represents the number of users FDMed in the same TTI; and for SA, it is the number of SAs which should be blind detected in the same TTI. N is full FFT size, K is half FFT size (N/2), M is the FFT size used in timing detection which is only needed by legacy DMRS scheme. 
Table 2.
	Legacy-DMRS
	Comb-DMRS

	Number of complex multiplications
	Number of complex additions
	Number of complex multiplications
	Number of complex additions

	2*4*（ log2N）*N/2 
+4*U*12+
2*4*U*（ log2M）*M/2 +2*4*U*（ log2N）*N/2
+2*4*U*(N+N/2)
	2*4*（ log2N）*N +
2*4*U*（ log2M）*M +2*4*U*（ log2N）*N
+2*4*U*(N/2-1)
	2*8*（ log2 K）* K /2 +2*U*8/2
	2*8*（ log2 K）* K +2*U*（6-1）*8



For example, assuming 10 SAs blind detection and 4 user’s data are FDMed in the same TTI respectively, the computation complexity is summarized in Table 3. It’s clearly shown that, for multiple FDMed transmitted UEs, the implementation complexity of legacy DMRS scheme is extremly high.
Table 3
	
	Legacy-DMRS
	Comb-DMRS

	
	Number of complex multiplications
	Number of complex additions
	Number of complex multiplications
	Number of complex additions

	SA(10 blind detections)
	609760
	1013680
	36944
	74528

	Data(4 users)
	268480
	454624
	36896
	74048
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