3GPP TSG RAN WG1 #84
    


              R1-160572
St Julians, Malta, February 15 – 19, 2016
Agenda item:
7.3.2.1.1
Source: 
Samsung 

Title: 
DMRS enhancement for PSSCH
Document for:
Discussion and Decision

1 Introduction

In V2V transmission, DMRS structure/density needs to be enhanced due to the high vehicle speed (up to 2x140km/h) and the large frequency offset. In RAN1#83 meeting, the following agreements regarding DMRS were made [1], 
Agreements:
· Confirm the baseline on SC-FDM is used for V2V transmission in each physical channel

· Working assumption: Increase DMRS density to 4 symbols per 1ms with reusing PUSCH DMRS sequence in each physical sidelink channel except for PSBCH
· FFS location of DMRS
· Possible options for evaluation and further study will be discussion during this week
· FFS the number and location of DMRS in PSBCH (if PSBCH is supported)
· Possible options for evaluation and further study will be discussion if PSBCH is supported during this week
· If RAN1 finds working assumption does not work, i.e. the performance cannot meet requirements for PC5 V2V at least including consideration on whether RAN1 working assumption of frequency offset is confirmed, the first priority should be given to DMRS structure with Comb (like SRS). 
· There should be considerations on receiver complexity when working assumption is confirmed.
Agreements:
Options of DM RS location for evaluation (counting from #0)

· Other options are not precluded.

· For normal CP with 15 kHz subcarrier spacing

· Option 1: #2, #5, #8, #11

· Note: This is for regular spacing.

· Option 2: #1, #5, #8, #12

· Note: Reuse RS location of PUCCH format 2

· Option 3: #2, #4, #9, #11

· Note: Frequency offset estimation first using {#2, #4} and {#9, #11}

· Option 4: #3, #6, #7, #10

· Note: Frequency offset estimation first using {#6, #7}

· Assumption: Transmissions in a single TTI (i.e., no HARQ retransmission). It is encouraged to evaluate both SA and data. 

· Baseline: QPSK with coding rate of 0.5

· Optional: QPSK with coding rate of 0.7, 16QAM with coding rate 0.5 (only for data)

· Frequency error: Baseline is to evaluate both {Case 1+Case B} and {Case 2+Case A}. Other cases can be considered, e.g., based on RAN4 feedback.

· Case 1: The extreme case should be assumed, i.e., +0.1 PPM for TX and -0.1 PPM for RX w.r.t. UE’s sync reference. 

· Performance in Case 1 is to check whether the system can work in the extreme case.

· Case 2: Frequency error in each UE is uniformly distributed [-0.1, 0.1] PPM w.r.t. UE’s sync reference.

· Frequency error between sync references of TX and RX:

· Case A: 0 error (i.e., the same reference)

· Case B: The extreme case should be assumed, i.e., +0.05 PPM for TX’s reference and -0.05 PPM for RX’s reference w.r.t. the absolute frequency.

· Companies should describe the receiver algorithm of the evaluated options.

In this contribution, we provide our evaluations/views on different options. It mainly covers DMRS design for PSCCH/PSSCH, while issues on PSBCH are provided in a companion document [2]. 
2 Discussions on DMRS structure
The main challenge on DMRS design is to account for large vehicle speed (up to 2x140 km/h), high carrier frequency (6 GHz) and large frequency offset. According the agreed simulation assumptions, the residual frequency offset between the two peers can be as high as 1800 Hz, i.e. Case 1 + Case B. In a realistic case, frequency error for a UE w.r.t. the UE’s sync reference is uniformly distributed in [-0.1, 0.1] ppm, residual frequency offset is distributed in [-1800, 1800] Hz. The above factors if not handled can significantly degrade the link performance. 
Assuming a frequency offset of 1800 Hz, the phase drift will only exceed 
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after 3.9 SC-FDMA symbols with normal CP. Hence, ideally a DMRS structure with DMRS symbols distance less than 3.9 SC-FDMA symbols could work. With the above analysis, Option 2 for DMRS structure suffers from ambiguity on the phase estimation leading to poor performance, which is aligned with the evaluation results in section 3. The other 3 options seem promising, however, due to the high vehicle speed, the time correlation between SC-FDMA symbols is also reduced, which degrades frequency offset estimation. From this aspect, the closer the adjacent DMRS symbols, the better the estimation on the frequency offset. Further, it is better to evenly distribute the DMRS symbols in a subframe for better channel estimation with a limited number of DMRS symbols. Simulations have been performed to validate the performance of various options under different assumptions. 
3 Simulations 

In the simulation, the channel generated is UMi CDL, and frequency error is modeled as a linear phase rotation to the time domain signal 
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. A brief on frequency drift estimation/compensation and channel estimation is,

a) UE estimate the phase drift per subframe using the four DMRS symbols. For Option 2 and 3, due to the different distance of nearby DMRS symbols, only symbol pair (0, 1) and (2, 3) are used in the estimation. It is expected that the performance can be improved slightly if contribution of symbol pair (1, 2) is also considered;
b) Frequency drift then is compensated on DMRS symbols in frequency domain, however, ICI cannot completely removed; 

c) Channel estimation is based on 4 DMRS symbols after compensation;
d) Frequency drift estimated in step a) is re-applied and then is used to process data REs.

3.1 DMRS for PSSCH
In this section, we provide evaluation for DMRS options for PSSCH. We assume a payload size of 190 bytes, and the number of allocated PRBs is set as 14 to approach the code rate 0.5. The detailed simulation assumptions are provided in Annex. 
In Figure 1, we provide the performance comparison for ‘Case 1 + Case B’ under different vehicle speed. For the low-speed case, all options work well. However, in the high-speed case, performance loss is observed which is due to the inaccurate estimation on frequency offset generated by the decreased time coherence. Option 1 and Option 2 suffer from high error floors. Option 3 and Option 4 still seem promising but the SNR operating point is increased significantly. Comparing the four options, Option 3 sounds the best choice. 
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Figure 1: Comparisons on DMRS options under ‘Case 1 + Case B’
Observation 1:
· All options meet requirements in the case of low vehicle speed; 

· Only Option 3 and Option 4 meet requirements in high vehicle speed of 280km/h. Option 3 performs the best. 
3.2 DMRS for PSCCH
In this section, we provide evaluation for DMRS options for PSCCH. Due to the limited number of PRBs for PSCCH, there are insufficient samples for frequency drift estimation, especially for the case of PSCCH with 1 RB, which impacts the detection performance of PSCCH. However, in a real network, a RX UE actually could derive the frequency drift regarding a transmitter based on some other signals, e.g. PSSS/SSSS/PSBCH from the transmitter, the previous PSCCH and/or PSSCH from the same transmitter unless they are too far away from current TTI. 
In Figure 2, only option 3 and option 4 are compared since it is clearly the better choice from the discussion in section 2. From the results, there will be error floor for PSCCCH transmission on 1 RB. By increasing number of RB to 2 or 4, the performance is significantly improved. The SNR point is lower than the requirement for PSSCH. On the other hand, an overhead of 2 RBs is the same as PSCCH of Rel-12 D2D. Therefore, DMRS structure with 4 DMRS symbol per subframe should work for PSCCH. Again, DMRS option 3 provides gain over option 4. 
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Figure 2: Comparisons on DMRS options under ‘Case 1 + Case B’
Observation 2:
· Both Option 3 and Option 4 meet performance requirements for PSCCH, while Option 3 performs better than Option 4.. 
4 Conclusions
In this contribution, we compare the various options on DMRS patterns under different cases of frequency offset and different vehicle speed. Both PSSCH and PSCCH are  evaluated. We make the following observations and proposal:
Observation 1:
· All options works in the case of low vehicle speed; 

· Only Option 3 and Option 4 works in high vehicle speed of 280km/h. Option 3 performs the best. 
Observation 2:
·  DMRS Option 3, i.e . DMRS symbols in  #2, #4, #9, #11 is the best among 4 options and could meet requirement of PSCCH. 
Proposal

· DMRS Option 3, i.e. DMRS symbols in  #2, #4, #9, #11 is the best among 4 options and is selected as DMRS pattern for V2X. 
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ANNEX

Table A1. Simulation assumptions
	Bandwidth 
	10 MHz 

	Carrier frequency
	6.0 GHz

	Number of antenna
	1 TX and 2 RX

	channel
	UMi NLOS

	Modulation 
	QPSK 

	Coding 
	Turbo, rate 1/2
	TBCC

	TBsize
	190 byte
	40 bit

	Number of Occupied PRB
	14 
	1/2/4/8

	subcarrier spacing
	15 KHz

	DMRS
	4 DMRS/TTI (Option 1, 2, 3, 4)

	Relative speed
	2x60 km/h, 2x140 km/h

	Channel estimation criteria
	MMSE

	Maximum transmission number
	1

	Additional frequency shift
	1.8 KHz

	Timing 
	Ideal timing 


PAGE  
1

_1516104865.unknown

_1516107493.unknown

