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1 Introduction
In RAN1#81 meeting, it was agreed that DMRS enhancements are beneficial for EB/FD-MIMO from the performance perspective. And in RAN plenary #68 meeting, the DMRS enhancements were agreed in the WID [1]. The objective of DMRS enhancements is to support additional ports for DMRS targeting higher dimensional MU-MIMO. For this target, there are following three alternatives [2]. 
·  Alternative 1: 12 DM-RS REs with OCC = 4 for up to total 4 layers per scrambling sequence, This alternative  allows up to total 4 layers per scrambling sequence

· Alternative 2: 24 DM-RS REs with OCC = 2 for up to total 4 layers per scrambling sequence, This alternative allows up to total 4 layers per scrambling sequence

· Alternative 3: 24 DM-RS REs with OCC = 4 for up to total 8 layers per scrambling sequence, This alternative allows up to total 8 layers per scrambling sequence

In this contribution, we compare the three alternatives and also provide the performance evaluation.
2 Comparison between different DMRS enhancement alternatives 
In Alt. 1, OCC=4 is applied and the 12 legacy RE resources can be reused, where there is no DMRS overhead increasing. With OCC=4, the maximum 4 orthogonal layers MU-MIMO transmission is supported.

In Alt.2, OCC=2 and 24 REs are used for supporting 4 orthogonal MU-MIMO transmission. Compared to Alt.1 with OCC=4, there is performance gain with better channel estimation in Alt.2. It is because that there is 3dB power gain for DRMS channel estimation with additional 12REs compared to Alt.1 and there is interpolation gain from different symbols. However, the DMRS overhead is doubled compared to Alt.1, and the interpolation gain is very limited due to the higher order MU-MIMO transmission is used for the scenarios with lower mobility, e.g., 3km/h.

In Alt.3, OCC=4 is also adopted for MU-MIMO transmission. It seems an extension of Alt.1, and the main difference compared to Alt.1 is that the number of REs used for DMRS increase to 24. With the additional 12 Res, Alt.3 can support up to 8 orthogonal layers MU-MIMO transmission, which will bring some performance gain. However, the probability of higher order MU-MIMO transmission (i.e., more than 4 MU layers) is relatively lower, so the performance gain will be limited, especially for the FTP traffic model. Otherwise, compared to Alt.1, there are additional 12 REs DMRS overhead.
· Overhead Analysis:

In Table 1, considering the DMRS overhead, we calculate the number of available REs for PDSCH in the three alternatives in a PRB. In the calculation, we assume there are 3 PDCCH symbols and 2 CRS ports.
Table 1. The number of effective REs in a PRB
	
	Alt. 1
	Alt. 2
	Alt. 3

	Available REs for PDSCH
	12*14 -3*12(3 PDCCH symbols ) -12(2 CRS ports) -12(DMRS) = 108
	12*14 -3*12(3 PDCCH symbols ) -12(2 CRS ports) -24(DMRS) = 96
	12*14 -3*12(3 PDCCH symbols ) -12(2 CRS ports) -24(DMRS) = 96 


From Table 1, it shows that the additional DRMS overhead in Alt.2 and Alt. 3 costs about 11% available resource. 
· Performance Analysis:

For full buffer traffic mode, Alt.2 may obtain some performance gain from better channel estimation, and Alt.3 may obtain some performance gain from more than 4 MU-layer transmissions. However, in Alt.2 and Alt.3, if the 11% overhead is considered, the performance will decrease, even worse. In Section-3, the system simulation results show performance evaluation results.

For bursty buffer traffic model, the evaluation metric is user perceived throughput (UPT), which is defined as the size of a burst divided by the time between the arrival of the first packet of a burst and the reception of the last packet of the burst.  The increased overhead of Alt.2 and Alt. 3 has the following impacts on the performance:
· Transmission time increasing for a burst: larger DMRS overhead means less available REs in a PRB for PDSCH. So, the transmission time for each package will be increased. 

· Waiting time increasing for a burst: if a new bursty package is arrived but all the resources are occupied by previous arrived bursts. The new burst must wait until there is available resource for it. So, with the DMRS overhead increasing, the waiting time will be increased.
· Interference time increasing to other cells: longer transmission time means longer time to interfere each other between difference cells’ PDSCH. The increased inter-interference will decrease the transmission SINR for the package. Then, smaller payload size will be scheduled for the user to meet the BLER target (e.g., 10%), which further increases the transmission time for a data package. 
3 Performance Evaluation for the Three Alternatives 
In the following, we provide system simulation results for the three alternatives of DMRS enhancements. For a reference, we also provide the simulation results with legacy configuration of DMRS, i.e., OCC=2 with 12 REs for 2 layers, and OCC=2, 12 REs, with 2 scrambling sequences for 4 layers. In the simulation, TDD uplink-downlink configuration 2 with SRS modelling [3] is assumed. The antenna ports configuration is shown in Figure 1.
More details of evaluation assumptions are given in Appendix A. 
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Figure 1.  Antenna port configurations in the simulation

The simulation results based on full buffer and bursty buffer traffic modes are given in Table 2 and 3, respectively.
Table 2.  Full buffer results for 8H2V
	
	Cell average (b/s/Hz)
	5% Cell edge (b/s/Hz)

	2 orthogonal layers 
	3.3(100%)
	0.047(100%)

	4 non-orthogonal layers
	3.02(92%)
	0.045(96%)

	Alt.1
	4.69(142%)
	0.055(117%)

	Alt. 2
	4.39(133%)
	0.056(119%)

	Alt. 3
	4.98(151%)
	0.052(111%)


From Table 2, it can be seen that all the enhancement schemes have significant gain over legacy schemes in the case with full buffer traffic model. Compared to Alt.1, Alt.2 has better channel estimation but additional 11% overhead. The simulation shows that performance enhancement by better channel estimation can’t compensate the loss of large DMRS overhead, i.e., Alt.2 is worse than Alt.1. 
For Alt.3, it is possible to pair more MU-layers than other two alternatives, i.e. maximum 8 MU-layers.  For cell center users, they have higher SINR and more possible to pair more than 4 MU-layers. But for cell edge users, the chance to pair more than 4 MU-layer is relative low. It is hard to get the gain of more MU-layers in the cell edge. Furthermore, paring more MU-layers for cell center user will generate more beams to interfere adjacent cell user. The possibility of strong interference beam from adjacent cell to interfere cell edge users may be increased. So compared to Alt. 2, there is some performance gain in cell average, but performance loss in cell edge in Alt.3. 
Table 3.  Bursty buffer results for 8H2V
	RU
	
	5% UPT (bps/Hz)
	50% UPT (bps/Hz)
	Average UPT (bps/Hz)
	RU
	λ

	50%
	2 orthogonal layers
	0.58(100%)
	2.2(100%)
	2.5 (100%)
	55%
	4

	
	4 non-orthogonal layers
	0.54(93%)
	2.08(95%)
	2.35(94%)
	60%
	4

	
	Alt. 1
	0.65(112%)
	2.32(105%)
	2.62(105%)
	54%
	4

	
	Alt. 2
	0.57(98%)
	2.08(95%)
	2.36(94%)
	60%
	4

	
	Alt. 3
	0.57(98%)
	2.09(95%)
	2.37(95%)
	60%
	4

	70%
	2 orthogonal layers
	0.47(100%)
	1.64(100%)
	2.04(100%)
	70%
	5

	
	4 non-orthogonal layers
	0.44(94%)
	1.6(98%)
	2 (98%)
	71%
	5

	
	Alt. 1
	0.52(111%)
	1.89(115%)
	2.25(110%)
	68%
	5

	
	Alt. 2
	0.44(94%)
	1.73(105%)
	2.04(100%)
	71%
	5

	
	Alt. 3
	0.45(96%)
	1.81(110%)
	2.1(103%)
	70%
	5


The bursty buffer results are shown in Table 3. It shows that Alt. 1 has substantial gain over legacy schemes, especially in the high load case, i.e., more than 10% gain both in cell average and cell edge. But for Alt. 2 and Alt. 3 , due to  the impacts caused by larger overhead as described in Section 2, the performance is even worse than the legacy scheme, especially in middle traffic load. And it is clearly show that Alt.1 is better than the other two alternatives.
The according to above evaluation and analyses, we have the following proposal.
 Proposal 1: Based on the analysis and performance evaluation, Alt.1 with OCC=4 and 12 REs is preferred for the DMRS enhancement in Rel-13. 
4 Conclusions

In this contribution, we compare the performance between different DMRS enhancements schemes. Based on the system level evaluation, we have the following proposal.
Proposal 1: Based on the analysis and performance evaluation, Alt.1 with OCC=4 and 12 REs is prefered for the DMRS enhancement in Rel-13.
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Appendix A: Simulation Assumptions 
	Parameter
	Value

	Scenarios
	3D-UMi

	Frequency
	2GHz

	Bandwidth
	10MHz (50RBs)

	eNB Antenna configurations
	(M,N,P, Q)=(8,4,2,16)
Cross-polarization: +/-45 degrees
0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension, θetilt = 100 degrees 

	UE configurations
	Speed:  3km/h

	
	2 Rx with X-polarized: 0/+90 degrees

	Traffic model
	Full Buffer and FTP 1

	Number of UEs per cell
	15  for full buffer traffic model  

	Transmit Mode
	Dynamic SU/MU: rank-adaption
Up to 2 layers for each UE

	Scheduler
	PF 

	Receiver
	Non-Ideal DMRS channel estimation and interference estimation 

	
	MMSE-IRC receiver 

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-0 

	
	CQI reporting triggered per 10ms

	
	TDD with SRS estimation error modelling [3]

SRS periodicity : 10ms 

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 or 24 REs per PRB depending on the alternative enhancement scheme

	UE attachment
	Based on RSRP from CRS port 0 aligned with Phase-1

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB
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