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In this contribution, we study reference signal design for D2D with a focus on existing PUSCH DMRS. We study link level performance for D2D discovery and communication for (i) channel estimation performance (ii) BLER results. The main impairments studied in this contribution are (i) frequency offset up to 800 Hz (ii) Dual mobility up to 120 km/hr (each UE) (iii) Worst case frequency selectivity with ITU UMi NLOS model (reduced variability). 
Based on the simulations results, we argue that existing PUSCH DMRS is robust to frequency offset errors, and provides good performance in the regime of interest for mobility.   The channel estimation algorithm and performance is discussed in Section 2.1 and BLER curves for discovery and D2D VoIP communication are given in Section 2.2.

2  	Simulation results for PUSCH DMRS
In this Section, we study channel estimation error for two scenarios (simulation parameters are given in Table 1):
· Scenario 1: 2 GHz low mobility scenario  -- motivated by Option 1 in [1]
· Scenario 2: 700 MHz high mobility scenario – motivated by Option 5 in [1]
Table 1 Simulation assumptions
	Parameters
	Assumptions

	System Bandwidth
	10 MHz

	Carrier frequency offset
	0, 400, 800 Hz

	Signal structure
	PUSCH (without slot hopping)

	Reference signals
	DMRS on symbols 4 and 11

	Channel Model
	ITU UMi NLOS (reduced variability)

	Number of RX antennas
	2 

	Channel estimation algorithm
	See Figure 1 below.


	Transmission Bandwidth
	2 PRBs

	Modulation/Coding
	QPSK/Turbo

	Packet size
	352 bits (communication), 248 bits (discovery)

	
	Scenario 1
	Scenario 2

	Mobility 
	120 km/hr per UE (dual mobility)
	3 km/hr per UE (dual mobility)

	Carrier frequency
	700 MHz
	2 GHz



Before presenting the simulation results, we discuss the channel characteristics summarized in the table below. 
Table 2 Scenario -- qualitative comparison
	
	Scenario 1
	Scenario 2

	Coherence bandwidth
	~1 MHz
	~1 MHz

	Coherence time
	~2ms
	~25ms

	Doppler shift (due to CFO)
	0-800 Hz
	0-800Hz

	Phase rotation btn 2 DMRS symbols (due to CFO)
	0-2.5 rad
	0-2.5 rad

	Doppler spread (due to mobility)
	~ 150 Hz 
	~ 10 Hz 



Based on the table above, we make the following observations:
Observation 1: both scenarios have similar coherence bandwidth (larger than transmission bandwidth) and Doppler shift.
Observation 2: scenario 1 has larger Doppler spread and smaller coherence time compared to scenario 2.
Observation 3: for both scenarios, phase rotation caused by CFO values is within the limit of +-pi radians.
2.1 Channel estimation performance
We summarize the channel estimation algorithm in the figure below that uses frequency domain channel estimation followed by CFO estimation and compensation and then time-domain averaging. 


Figure 1 Channel and CFO estimation algorithm

We study the following three metrics for channel estimation performance (results in Figure 2 below):
1. RMS error for CFO estimation
2. MSE for channel estimation for data symbols
3. Effective SNR due to channel estimation errors -- effective SNR is computed by adding a (self) interference term of SNR*MSE (computed for each sub-carrier for each sub-frame and then averaged).

We note that for Scenario 1, we give low mobility (3 km/hr) and no CFO simulation results for reference. 
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Figure 2 Channel Estimation Performance
From the results in Figure 2, we make the following observation:
Observation 4: There is some degradation observed in CFO estimation at low SNRs (due to 2*pi rotation), but this does not translate into SINR degradation.
Observation 5: for low mobility Scenario 2, no performance degradation is seen for effective SNR after channel estimation. 
Observation 6: for high mobility Scenario 1, no significant performance degradation at low SNRs, but some performance degradation is seen at high SNR. 

2.2 BLER curves for discovery and communication
BLER curves for communication and discovery are given below both of which use Turbo coding and QPSK, but with different information length (352 bits for communication and 248 bits for discovery).
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Figure 3 BLER curves
Based on the simulation results, we make the following observations:
Observation 7: no degradation is observed for discovery BLER for low mobility, and different CFO up to 800 Hz.
Observation 8:  degradation of < 0.5 dB is observed for communication BLER due to high mobility for CFO up to 400 Hz.
We note that CFO of 800 Hz corresponds to 1.1+ ppm inaccuracy at 700 MHz and hence not a typical scenario.

2.3 Design implications
Based on the simulation results in Section 2.1 and Section 2.2, we make the following proposal.
Proposal: Existing PUSCH DMRS are used for D2D discovery and communication without slot hopping 
We note that additional simulations comparing other RS schemes and other aspects such as TTI bundling are given in companion contributions [2] and [3] respectively.
3 	Conclusion
In this contribution, we studied channel estimation and BLER performance for existing PUSCH DMRS without slot hopping for two scenarios that include high CFO and high mobility. Based on the simulations results, we made the following observations and proposals:
Observation 1: both scenarios have similar coherence bandwidth (larger than transmission bandwidth) and Doppler shift.
Observation 2: scenario 1 has larger Doppler spread and smaller coherence time compared to scenario 2
Observation 3: for both scenarios, phase rotation caused by CFO values is within the limit of +- 3.14 radians.
Observation 4: There is some degradation observed in CFO estimation at low SNRs (due to 2*pi rotation), but this does not translate into SINR degradation.
Observation 5: for low mobility Scenario 2, no performance degradation is seen for effective SNR after channel estimation. 
Observation 6: for high mobility Scenario 1, no significant performance degradation at low SNRs, but some performance degradation is seen at high SNR. 
Observation 7: no degradation is observed for discovery BLER for low mobility, and different CFO up to 800 Hz.
Observation 8:  degradation of < 0.5 dB is observed for communication BLER due to high mobility for CFO up to 400 Hz.
Proposal: Existing PUSCH DMRS are used for D2D discovery and communication without slot hopping. 
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