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1 Introduction
In RAN1#80 meeting, DMRS enhancements for EBF/FD-MIMO were discussed. The conclusions are shown as follows [1]:

· Companies are encouraged to give performance evaluations for higher order MU-MIMO with FTP traffic model focusing on following alternatives until RAN1 #80bis meeting

· Alt. 1: 12 DM-RS REs with OCC = 4 for up to total 4 layers per scrambling sequence

· Alt. 2: 24 DM-RS REs with OCC = 2 for up to total 4 layers per scrambling sequence

· Alt. 3: 24 DM-RS REs with OCC = 4 for up to total 8 layers per scrambling sequence

· Alt. 4: DM-RS estimation accuracy improvement by advanced receiver assuming interference channel estimation

· Alt. 5: Larger PRG size

· Note that other possible alternatives are not precluded

· Note that combination of multiple alternatives can be considered

· Companies should model DM-RS channel estimation error and should clarify detailed assumptions in their contributions

· Companies should model interference covariance estimation matrix for DM-RS channel estimation and should also clarify detailed assumptions in their contributions

· Note that it is quasi-orthogonal between two scrambling groups which should be modelled in channel estimation error modelling

· For these enhancement scheme should be compared with Rel-12 LTE scheme with two scrambling sequences or one scrambling sequence

In this contribution, based on the conclusions in last meeting, we compare the performance between orthogonal 4 layers transmission and Rel-10 MU transmission schemes, i.e., 2 orthogonal layers MU transmission and 4 non-orthogonal layers MU transmission. Then, we discuss the different potential DMRS enhancement schemes, which support 4 orthogonal layers MU transmission, i.e., Alt. 1 to Alt. 3, and give our views.
2 Comparison between orthogonal 4 layers MU transmission and Rel-10 MU transmission schemes
In Rel-10, up to 2 orthogonal layers MU-MIMO transmission is supported. Taking into account of 2 scrambling sequences, maximum 4 non-orthogonal layers MU-MIMO transmission can be used in Rel-10 systems. In the EBF/FD-MIMO, more TXRUs, i.e., 8, 16, 32, and 64, may be used at each transmitter, which corresponds to finer spatial granularity of beams and larger beamforming gain. With the help of EBF/FD-MIMO, there will be more UEs can be MU-paired transmission. To obtain the MU-MIMO transmission gain in EBF/FD-MIMO systems, more orthogonal layers MU-MIMO transmission is required.

In the following, we compare the system performance between legacy DMRS (Rel-10) or 4 orthogonal layers MU-MIMO transmission. In the simulation, we assume that the DMRS is non-ideal and the interference of non-orthogonal scrambling sequences is introduced, where the details of the modelling is given in Appendix A. The 3D-UMa with ISD 200m scenario is also assumed in the simulation. Both full buffer and bursty buffer traffic are evaluated.   The full buffer performance of 8 TXRUs and 16 TXRUs are both evaluated in Figure 1 and Figure 2, respectively, where the antenna configurations are shown in Figure 1. For bursty buffer traffic, the performance of 8H2V antenna configuration with 16TXRU is shown in Figure 3.  The FTP I model is used and the packet arrival rate is set to 4.0.  Other details of evaluation assumptions are given in Appendix B.
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Figure 1.  Antenna port configurations in the simulation

In the simulation, the feedback is based on Rel.12 8Tx codebook in 8H1V antenna configuration, and ideal feedback with CSI measurement error modelling is assumed in 8H2V. 
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Figure 1.  Full buffer results for 8H1V
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Figure 2. Full buffer results for 8H2V
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Figure 3.  Results for 8H2V in FTP traffic model  (λ= 4.0)
From Figure 1 and Figure 2, it can be seen that the scheme with 4 orthogonal layers MU-transmission obtains significant gain over Rel-10 schemes in case of full buffer traffic. In case of 8H1V, based on Rel-10 codebook, there is 21% cell average and 17% cell edge gain over the legacy 2 orthogonal MU-layers. And in 8H2V case, with 4 orthogonal layers DMRS, 43% and 26% gain can be observed in cell average and cell edge, respectively.

From Figure 3, it can be seen that 4 orthogonal layers MU-transmission also outperforms  Rel-10 schemes, i.e., 10% gain over average UPT , 16% gain over 50% UPT and 5% gain over 5% UPT respectively.

From Figure 1 to Figure 3, we also can obtain that the performance with 4 layers non-orthogonal MU transmission is a bit lower that the 2 orthogonal layers case. It is because that the non-orthogonal DMRS deteriorates the channel estimation severely, which has large impacts on the performance of detection and decoding. For the scheduler, non-orthogonal DMRS impact on channel estimation is not considered in the MU-MIMO scheduling.  Then there is a mismatch between the scheduling assumption at the eNB and the data detection at the UE in case of 4 layers non-orthogonal MU transmission. This leads to the performance loss of 4 layers non-orthogonal MU transmission.  
Observation 1:  Four orthogonal layers MU transmission can obtain significant gain compared to legacy scheme.
Proposal 1: DMRS enhancement for at least up to 4 orthogonal layers MU transmission should be supported. 
3 Potential DMRS enhancement
To support at least up to 4 orthogonal layers MU transmission, there are 3 alternatives for DMRS enhancements, which have been discussed in last meeting. In this subsection, we give an analysis of the 3 alternatives and give our views.
In the Alt. 1 DMRS enhancement scheme, OCC=4 is applied and the 12 legacy RE resources can be reused, where there is no overhead increasing. With OCC=4, the maximum 4 orthogonal layers MU-MIMO transmission is supported.

In the Alt.3 DMRS enhancement scheme, OCC=4 is also adopted. The only difference is that the number of REs used for DMRS increase to 24, so that it can be support up to 8 orthogonal layers MU-MIMO transmission. The scheme seems as an extension of Alt.1 to support more orthogonal layers MU transmission with increasing the overhead. 

In Alt.2 DMRS enhancement scheme, OCC=2 and 24 REs are used for supporting 4 orthogonal MU transmission. Compared to OCC=4, there is performance gain with time interpolation for channel estimation in a subframe for the OCC=2 case. However, in generally, the higher order MU transmission is used in the lower mobility scenarios, e.g., 3km/h. Thus, the time interpolation estimation gain is very limited. Meanwhile, to support 4 orthogonal layers MU transmission, 24 REs are needed in the Alt.2, which cost more than 10% overhead compared to 12 REs.
Taking into account of both performance and overhead, Alt.1 seems a good trade-off.

Proposal 2: Considering the performance and overhead, Alt.1 with OCC=4 and 12 REs is prefered.
4 Conclusions

In this contribution, we compare the performance between the case of 4 orthogonal layers MU transmission and the Rel-10 MU transmission, and also discuss the potential DMRS enhancement schemes. Based on the discussion, we have the following observation and proposals. 
Observation 1:  Four orthogonal layers MU transmission can obtain significant gain compared to legacy scheme.
Proposal 1: DMRS enhancement for at least up to 4 orthogonal layers MU transmission should be supported. 
Proposal 2: Considering the performance and overhead, Alt.1 with OCC=4 and 12 REs is prefered.
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Appendix A: Non-orthogonal DMRS model 
For the non ideal channel estimation, the estimated channel of one transmit and receive link is expressed as 
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 is followed the channel estimation modelling [2]

 REF _Ref416467485 \r \h 
[3]. For CSI-RS channel estimation, it represents the channel estimation error with considering inter-cell interference. For DM-RS channel estimation, it represents channel estimation error without considering the effect of non-orthogonal DMRS.  

For 
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, it represents the channel estimation error due to non-orthogonal DMRS. It only exists in case of non-orthogonal DMRS channel estimation. It is evaluated by link level simulation. Through link level simulation, 
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 is ideal channel and 
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 is the estimated channel. The link level simulation assumptions are shown in Appendix B. The value of 
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 for 3 MU-layers and 4 MU-layers are shown in Figure A1.
Figure A1 Channel estimation error variance caused by non-orthogonal DMRS
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Appendix B: Simulation Assumptions 
Figure B1 Link Level Simulation Assumptions

	Parameter
	Assumption

	Transmission bandwidth
	10 MHz

	Channel model
	X-pol, 0.5lambda antenna space

	antenna configuration
	Tx = 8, 16,  Rx = 2

	Scheduler
	Scheduling on a fixed subband based on Proportional Fair

Maximum 4 UEs selected from 15 UEs based on greedy proportional fair algorithm.

	UE number in a cell 
	15 

	Dimensioning of MU-MIMO
	Maximum paired MU-MIMO user number is 2 or 4, and one layer per user

	Channel  estimation
	Real CE based on DMRS

	Transmitter precoding algorithm
	ZFBF

	PMI feedback
	Subband PMI

	CQI feedback 
	Subband CQI

	feedback
	Ideal feedback 


Figure B2 System level Simulation Assumptions
	Parameter
	Value

	Scenarios
	3D-UMa (ISD 200m)

	Frequency
	2GHz

	Bandwidth
	10MHz (50RBs)

	eNB Antenna configurations
	(M,N,P, Q)=(8,4,2,8/16)
Cross-polarization: +/-45 degrees
0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension, θetilt = 104 degrees .

	UE configurations
	Speed:  3km/h

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

	Scheduler
	PF 

	Traffic load
	Full Buffer and FTP 1

	Number of UEs per cell
	10 for FTP-1 and 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

	CSI Feedback 
	R.10 8Tx Codebook for 8H1V, ideal feedback for 8H2V

Non-ideal CSI-RS channel estimation and non-ideal interference estimation

	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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