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1 Introduction

In the SID of elevation beamforming and FD-MIMO for LTE [1], DM-RS enhancement for the support of higher dimensional MU-MIMO is included as one of the focused areas for study. In the RAN1#80 meeting, the potential DMRS enhancements were discussed with the following candidates:

· 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
In this contribution, we discuss system level modelling of the DM-RS enhancements. We also present initial system level evaluation results of the above DM-RS enhancements. 

2 Channel Estimation Modelling
The following signal model is considered for DM-RS channel estimation:
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 are the desired and the interfere channel coefficients, [image: image8.png]
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are the corresponding transmitted DM-RS sequences, [image: image12.png]


 is the other interference and noise term.

The 2D-MMSE channel estimation method is applied for DM-RS. The estimated channel coefficients can be expressed as
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 is zero mean complex normal distributed error vector, e.g.,[image: image18.png]E ~ CN(0,02ly,)
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 is the MMSE estimation bias factor [image: image22.png]



The covariance of the channel estimation error vector is a function of the channel that is interfering with the channel which is to be estimated and also the other interference and noise covariance [2]
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For the orthogonal DM-RS multiplexing, there is no interference from the co-scheduled layers and therefore the covariance of the channel estimation error vector depends only on the other cell interference covariance, i.e., the function [image: image26.png]


 may be chosen as
        [image: image28.png]Rg = f(RoHo)
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where [image: image30.png]


 is the processing gain in linear value related to how the channel estimation filter is constructed.
For the non-orthogonal DM-RS multiplexing, the function [image: image32.png]


 may be chosen by using a scaled value of the interferer channel covariance as follows:
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where [image: image36.png]


 denotes the interference suppression factor. 
For the baseline channel estimation without joint channel estimation of both the desired and the interferer channel, there is no interference suppression and therefore [image: image38.png]


 is equal to 1. The interference suppression factor for joint channel estimation of both [image: image40.png]
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 is a function of the DM-RS sequence correlation, channel covariance matrix and interferer signal to noise ratio (INR). For simplicity, we consider only the mean value of[image: image44.png]


. From the link simulation, we log the value of[image: image46.png]


, averaging across multiple RBs and subframes and across multiple fading channel realization. For each choice of the interferer signal to noise ratio (INR) we can compute a value of [image: image48.png]


 which best approximates equation (5).  In the appendix, we present link level results to illustrate the accuracy of the proposed model. 
3 Interference Modelling in MMSE-IRC

MMSE-IRC receiver is applied in the simulation, where the non-ideal receiver weight is given by
[image: image50.png]wr = H'(HHs' + Rpen)™







 
  (6)
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 is the estimated channel coefficients from equation (2) and [image: image54.png]Ry



 is the estimated interference and noise covariance matrix which is modelled using the complex Wishart distribution
[image: image56.png]Rpsn ~ CWishart(Rpsn + R Negy)
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The covariance of the channel estimation error vector [image: image58.png]


 is also included in the interference and noise covariance matrix. 
4
System level evaluation

In order to evaluate the performance benefits of different DM-RS multiplexing schemes, system level simulations are conducted by using the error modelling proposed in the previous section. We simulate the following three DMRS enhancement schemes together with the Rel-12 DMRS baseline scheme. The DMRS overhead is considered in the simulation. Non-precoded CSI-RS is assumed. Partial Kronecker product codebook is used for CSI feedback. Details about the partial Kronecker codebook can be found in the companion contribution [3]. FTP traffic is assumed and the packet arrival rate is selected to achieve a resource utilization of about 50%. Other simulation assumptions can be found in the appendix. The performance evaluation results are summarized in Table 2.

Table 1: Evaluation schemes for DMRS enhancements

	Scheme
	Assumptions

	Baseline
	12 DM-RS REs with OCC = 2 for up to total 2 layers per scrambling sequence

	Enc-sch1
	12 DM-RS REs with OCC = 4 for up to total 4 layers per scrambling sequence

	Enc-sch2
	24 DM-RS REs with OCC = 2 for up to total 4 layers per scrambling sequence

	Enc-sch3
	Rel-12 DMRS pattern with joint channel estimation of both desired and interferer channel


Table 2: Non-full buffer performance benefit with different DMRS enhancement (64-TXRU, ( = 4 packet/cell/s)
	Scheme
	RU
[%]
	5%-tile UPT
	50%-tile UPT
	Mean UPT

	
	
	[Mbps]
	%
	[Mbps]
	%
	[Mbps]
	%

	Baseline
	47
	5.95
	
	20.51
	
	26.45
	

	Enc-sch1
	44
	6.72
	12.9%
	21.28
	3.7%
	26.75
	1.1%

	Enc-sch2
	46
	6.06
	1.9%
	20.23
	-1.4%
	25.95
	-1.9%

	Enc-sch3
	44
	6.63
	11.4%
	21.05
	2.6%
	26.64
	0.7%


We have the following observations regarding the simulation results:

Observation 1: The enhancement scheme 1 provides about 10% gain at 5%-tile UPT and similar mean UE throughput over the Rel-12 DMRS baseline scheme

Observation 2: A marginal gain at 5%-tile UPT is observed for the enhancement scheme 2, but for 50%-tile and mean UPT there are also some losses due to large DMRS overhead
Observation 3: The enhancement scheme 3 with joint CE can provide similar performance as the enhancement scheme 1
The simulation results are further analysed. The intra-cell interference to the inter-cell interference plus noise ratio corresponding to the INR used in the link simulation is plot in Figure 1. It can be seen that for most UEs the INR is not too high which may explain the channel estimation performance loss due to non-orthogonal DMRS multiplexing is not serious. Secondly, we assume 2 UE receive antenna in the simulation, UE only has the capability to suppress one dominant interferer for PDSCH reception. In case of strong MU interference of more than two layers, the second strong interference layer will dominate the PDSCH performance resulting in a low post-MMSE SNR. In such case, the improved channel estimation cannot help to improve PDSCH performance greatly.
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Figure1: Intra to Inter-cell interference plus noise ratio (64-TXRU, Baseline)
In summary, under the assumption of 2Rx MMSE-IRC UE receiver, the improved channel estimation by fully orthogonal DMRS multiplexing achieves a marginal throughput gain compared to Rel-12 quasi-orthogonal DMRS multiplexing. To justify the performance benefits of orthogonal DMRS multiplexing, further evaluation on 4RX UE with better interference suppression capability is needed.
Proposal 1:  Further evaluation on 4RX UE for DMRS enhancement is needed.

3
Conclusion

In this contribution, we discuss the potential DMRS enhancements to support higher dimensional MU-MIMO. We have the following observation and proposal:

Observation 1: The enhancement scheme 1 provides about 10% gain at 5%-tile UPT and similar mean UE throughput over the Rel-12 DMRS baseline scheme

Observation 2: A marginal gain at 5%-tile UPT is observed for the enhancement scheme 2, but for 50%-tile and mean UPT there are also some losses due to large DMRS overhead
Observation 3: The enhancement scheme 3 with joint CE can provide similar performance as the enhancement scheme 1

Proposal 1:  Further evaluation on 4RX UE for DMRS enhancement is needed.
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Appendix 1: Model validation

The proposed channel estimation model is validated by the link simulation. The results are shown in the following figures. For the link simulation, we take a snap-shot of the 3D UMa and UMi channels and perform the 2D-MMSE channel estimation. For the estimated channel coefficients, we compute the signal to noise ratio averaged across multiple RBs and subframes. Since the channel power is normalized, the noise variance of the estimated channel coefficients can be directly derived from the averaged signal to noise ratio. We compare the noise variance from the link simulation to that based on the model described above. We assume there is only one dominant interferer which is non-orthogonal multiplexed with the desired layer. Two level of interference to noise power ratios are considered, e.g. 10 and 20dB. The interference suppression factor for joint channel estimation is assumed to [image: image61.png]
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 dB for both 3D UMa and UMi for the modelling approach. It can be seen that the noise variance estimate from the proposed model is fully aligned with the simulation. There is only a small divergence at very high SNR range.
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Appendix 2: System level simulation assumptions

	Parameter
	Value

	Scenarios
	3D-UMi

	Frequency
	2GHz

	Bandwidth
	10MHz (50RBs), 
Note: PRG size for the baseline may be chosen for other BW

	eNB Antenna configurations
	(M,N,P, Q)=(8,4,2,64)
Cross-polarization: +/-45 degrees

	UE configurations
	Speed:  3km/h

	
	2 Rx with X-polarized: 0/+90 degrees
Pol model: aligned with phase 1

	Scheduler
	PF 

	Traffic load
	FTP-1, RU = 50%

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

	Receiver
	Non-Ideal DMRS channel estimation and interference estimation 

	
	MMSE-IRC receiver aligned with phase 1

	Hybrid ARQ
	Maximum 4 transmissions

	CSI Feedback 
	    Partial Kronecker Product Codebook based on full CSI-RS ports

	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
Optional: radio distance based

	Handover margin
	3 dB
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