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1 Introduction
The study item on elevation beamforming and FD-MIMO includes the following objective:

· Identify/evaluate potential enhancements required for implementing the SU/MU-MIMO transmission schemes that would provide the identified performance benefits including
· Evaluate the need for reference signal design enhancements (including SRS, CSI-RS, and DMRS).
In RAN1#80 meeting, the evaluation assumption for DMRS enhancement was agreed, and the conclusions on alternatives and corresponding performance evaluation method for DMRS are listed below:
· 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 our previous contribution [2], we compare the performance of different DMRS enhancement schemes with the DMRS configuration in Rel-12. In RAN1#80bis meeting, it was advised that more detailed results could be provided for further comparison of different DMRS enhancements. In this contribution, we update the results and further provide some figures for interference and SINR distribution.
2 Simulation setup
In this contribution, the baseline is the DMRS configuration in Rel-12 and three alternatives are compared:
· Baseline: 12 DM-RS REs with OCC = 2 for up to total 2 layers per scrambling sequence
· 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
Antenna configuration of (M, N, P, Q) = (8, 4, 2, 64) with one-to-one mapping between TXRU and antenna element is assumed in our simulation.  It’s assumed that the system has 64 CSI-RS antenna ports, one-to-one mapped to each TXRU. Non-ideal CSI feedback with single CSI-process is assumed where UE report a 64Tx PMI from a composite codebook 
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are the component codebooks. For simplicity, in our simulation we use Rel.12 8Tx codebook for 
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 in horizontal dimension, and a 4-bit DFT codebook for 
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DMRS and CSIRS channel estimation error is modeled for the evaluation in the following way:
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 is the estimated channel, 
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 is the perfect channel response in frequency domain, 
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is the white complex Gaussian variables with zero mean and variance 
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 is the scaling factor to maintain proper normalization, which is expressed by
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The value of 
[image: image18.wmf]2

s

is negatively correlated with the SINR of DMRS, and is calculated by 
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Here 
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 is a factor reflecting the processing gain of channel estimation algorithm, which is derived from link level simulation. The interference used for SINR calculation of UE i is derived from the trace of interference covariance estimation matrix expressed by:
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where 
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is the precoding matrix of UE j in its serving cell, 
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 is the channel between UE i and the serving cell of UE j, S is the UE set scheduled in the same PRBs as DMRS/CSIRS of UE i in all the modeled cells.
For interference of DMRS, all multiplexing UEs within a cell are uniformly assigned to N groups, and only UEs in the same group would interfere with each other, where N is the number of orthogonal DMRS resources within a cell. The orthogonal resources can be derived via OCC (CDM) or DMRS resources (FDM). Multiple scrambling sequences can be exploited in one cell for quasi-orthogonal DMRS transmission, and DMRS with different scrambling sequences are still treated as interference. In Rel-12, the DMRS ID to derive the scrambling sequence can be UE-specific configuration, which means that the scrambling sequences within one cell are not limited to 2. For example, four scrambling sequences can be applied within one cell to support maximal 8 multiplexing UEs in Rel-12.
3 Interference analysis

To study the UE multiplexing condition in different scenarios, the distribution of multiplexing UEs number after MU scheduling is given in Table I assuming maximal 8 multiplexing UEs (N_UE_max=8) in the same resource. It can be found that with FTP traffic, only few UEs would be scheduled in the same resource which results in SU-MIMO transmission in most cases. There is hardly the case that more than 4 UEs would be multiplexed in the same resources, and only few UEs would be multiplexed with 1/2/3 other UEs. 
Table I: The distribution of multiplexing UEs number in the same resource in different scenarios

	Scenarios
	Traffic type
	#UE=0
	#UE=1
	#UE=2
	#UE=3
	#UE=4
	#UE=5
	#UE=6
	#UE=7
	#UE=8

	3D-UMi
	L2
	0.1%
	99.2%
	0.4%
	0.3%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	
	L4
	0.1%
	92.6%
	5.3%
	1.2%
	0.8%
	0.0%
	0.0%
	0.0%
	0.0%

	
	L5
	0.0%
	79.8%
	14.2%
	5.4%
	0.4%
	0.2%
	0.0%
	0.0%
	0.0%

	3D-UMa-200
	L2
	0.0%
	99.1%
	0.9%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	
	L4
	0.1%
	83.3%
	13.7%
	2.6%
	0.3%
	0.0%
	0.0%
	0.0%
	0.0%

	
	L5
	0.0%
	76.9%
	16.6%
	4.8%
	1.6%
	0.1%
	0.0%
	0.0%
	0.0%


To further analyze the impact of intra-cell interference to DMRS with the same assumption on multiplexing UEs number, the CDF of IINR = intra-cell interference / (inter-cell interference + noise) is provided in Figure I and II for baseline/alt.1/alt.2 in fullbuffer traffic for N_UE_max = 8. It should be noted that for alt.3, the IINR is equal to 0. The CDF of SINR_eff=SINR_DMRS*delta is also provided in Figure III with the same assumption, where the SINR_DMRS and delta are the values in formula (4). It can be observed from the figures that:

· Observation 1: For cell-edge UEs (e.g. geometry<0dB), the IINR is mostly lower than 0 dB, which means that inter-cell interference and noise is the main factor impacting the performance of cell-edge UEs. Then the reduction of intra-cell interference would not improve the DMRS channel estimation significantly.
· Observation 2: For cell-center UEs (e.g. geometry>10dB), the intra-cell interference can be reduced via more orthogonal DMRS resources and the IINR is lower for alt.1 and alt.2. However, the DMRS channel estimation error is very small due to high DMRS SINR for those UEs and the performance can be hardly impacted by the estimation error.
· Observation 3: The effective DMRS SINR is mostly higher than 0dB, which means that the impact of DMRS channel estimation error is slight.   Furthermore, for the edge UEs who may suffer from the DMRS channel estimation error (e.g. DMRS SINR<5dB), the improvement on SINR via enhancement schemes is very small.
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Figure I-1: CDF of IINR in UMa-200m in                                    Figure I-2: CDF of IINR in UMa-200m in
fullbuffer traffic (all UEs)                                                             fullbuffer traffic (geometry<0dB)
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Figure I-3: CDF of IINR in UMa-200m in                                    Figure I-4: CDF of IINR in UMa-200m in
fullbuffer traffic (0<geometry<10dB)                                              fullbuffer traffic (geometry>10dB)
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Figure II-1: CDF of IINR in UMi in                                    Figure II-2: CDF of IINR in UMi in
fullbuffer traffic (all UEs)                                                             fullbuffer traffic (geometry<0dB)

[image: image30.emf]-60 -50 -40 -30 -20 -10 0 10 20

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

INR

cdf

CDF of intra-cell interference/(inter-cell interference + noise)

 

 

CDF of IINR Baseline

CDF of IINR Alt.1

CDF of IINR Alt.2

[image: image31.emf]-50 -40 -30 -20 -10 0 10 20 30 40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

INR

cdf

CDF of intra-cell interference/(inter-cell interference + noise)

 

 

CDF of IINR Baseline2

CDF of IINR Alt.1

CDF of IINR Alt.2


Figure II-3: CDF of IINR in UMi in                                    Figure II-4: CDF of IINR in UMi in
fullbuffer traffic (0<geometry<10dB)                                              fullbuffer traffic (geometry>10dB)
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Figure III: CDF of effective DMRS SINR in fullbuffer traffic (left: UMA-200m right: UMi)
4 Simulation results

In our evaluation, at most 2 scrambling sequences are assumed within one cell, and correspondingly maximal 4/8/8/16 UEs can be multiplexed in the same resource for baseline and alt.1/2/3. For alt.2 and alt.3, it is assumed that if more than 2 UEs are multiplexed in the same resources, the DMRS overhead is 24 REs and 12 REs otherwise. This is based on the assumption of additional DL signaling for total number of multiplexed DMRS ports. Also, the impact to performance due to increase of OCC length is not taken into account in this contribution. In real-life deployment, longer OCC length is more likely to suffer from loss of DMRS orthogonality due to temporal channel variation within a subframe. Therefore, this assumption is more favorable to longer OCC length (e.g. OCC = 4 in alt-1 and alt.3), and should be borne in mind in the following performance comparison.
Table II to III summarize the system-level performance of different alternatives in 3D-UMa-200m and 3D-UMi scenarios. The following observations could be made from the evaluation results:

· For FTP traffic, no performance gain can be observed from the DMRS enhancement schemes.
The reasons can be summarized from two aspects:
·  No more than 4 UEs would be multiplexed in the same resource in most cases, and the probability of UE multiplexing with more than 2 UEs is also very low for FTP traffic.
· The high effective SINR for DMRS leads to small DMRS channel estimation error.
If the performance loss due to increase of OCC length is considered, the performance of alt.1 and alt.3 would be further degraded in medium or high speed scenarios. The evaluation results reveal that the above three enhancement alternatives could not provide meaningful gain under realistic traffic model. 
Table II: Performance of MU-MIMO in 3D-UMi scenario (FTP traffic)

	Scenarios
	Scheme
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	λ=2
	Baseline
	18.94 
	0.0%
	48.98 
	0.0%
	43.41 
	0.0%
	14.8%

	
	alt.1
	18.94 
	0.0%
	48.98 
	0.0%
	43.41 
	0.0%
	14.8%

	
	alt.2
	18.94 
	0.0%
	48.98 
	0.0%
	43.41 
	0.0%
	14.8%

	
	alt.3
	18.94 
	0.0%
	48.98 
	0.0%
	43.41 
	0.0%
	14.8%

	λ=4
	Baseline
	10.17 
	0.0%
	28.81 
	0.0%
	31.95 
	0.0%
	36.2%

	
	alt.1
	10.17 
	0.0%
	29.06 
	0.8%
	31.92 
	-0.1%
	36.4%

	
	alt.2
	10.27 
	1.0%
	29.06 
	0.8%
	32.28 
	1.0%
	36.4%

	
	alt.3
	10.27 
	0.9%
	29.06 
	0.8%
	32.15 
	0.6%
	36.4%

	λ=5
	Baseline
	6.36 
	0.0%
	20.91 
	0.0%
	24.72 
	0.0%
	54.1%

	
	alt.1
	6.43 
	1.1%
	21.54 
	3.0%
	25.27 
	2.2%
	53.4%

	
	alt.2
	6.51 
	2.4%
	20.78 
	-0.6%
	24.52 
	-0.8%
	53.5%

	
	alt.3
	6.49 
	2.0%
	20.60 
	-1.4%
	24.77 
	0.2%
	53.4%


Table III: Performance of MU-MIMO in 3D-UMa200m scenario (FTP traffic)
	Scenarios
	Scheme
	5% UPT  (Mbps)
	5% UPT Gain
	50% UPT (Mbps)
	50% UPT Gain
	Mean UPT (Mbps)
	Mean UPT Gain
	RU

	λ=2
	Baseline
	17.66 
	0.0%
	45.11 
	0.0%
	41.59 
	0.0%
	15.3%

	
	alt.1
	17.67 
	0.1%
	46.10 
	2.2%
	41.80 
	0.5%
	15.1%

	
	alt.2
	17.67 
	0.1%
	46.10 
	2.2%
	41.80 
	0.5%
	15.1%

	
	alt.3
	17.67 
	0.1%
	46.10 
	2.2%
	41.80 
	0.5%
	15.1%

	λ=4
	Baseline
	8.72 
	0.0%
	25.40 
	0.0%
	28.26 
	0.0%
	40.6%

	
	alt.1
	9.04 
	3.6%
	25.59 
	0.7%
	28.49 
	0.8%
	40.5%

	
	alt.2
	9.05 
	3.8%
	26.58 
	4.7%
	29.13 
	3.1%
	40.0%

	
	alt.3
	9.05 
	3.8%
	26.58 
	4.7%
	29.13 
	3.1%
	40.0%

	λ=5
	Baseline
	5.32 
	0.0%
	18.33 
	0.0%
	21.83 
	0.0%
	58.8%

	
	alt.1
	5.51 
	3.5%
	18.53 
	1.1%
	21.99 
	0.8%
	58.5%

	
	alt.2
	5.63 
	5.8%
	18.48 
	0.8%
	22.32 
	2.2%
	57.4%

	
	alt.3
	5.68 
	6.6%
	18.74 
	2.2%
	22.14 
	1.4%
	57.5%


5 Conclusions
In this contribution we compared the performance of different DMRS enchantments for MU-MIMO in EBF/FD-MIMO systems. It is observed that more than 2 orthogonal DMRS ports could not provide meaningful gain over existing DMRS configuration in Rel-12. 
Conclusions:
· No meaningful performance gain is observed by introducing more orthogonal resources for DMRS.
It is further noted that Rel.12 DMRS design already supports the functionality of configuring more than 2 scrambling sequences in a cell. As such, the possibility of more than 4 UE multiplexing is already supported by the existing Rel.12 specification, if higher-order MU-MIMO is indeed seen more often in realistic traffic scenario. The channel estimation accuracy improvement of orthogonal DMRS compared to non-orthogonal DMRS does not appear to be significant in the relevant geometry ranges. 
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Appendix
Table A1: Evaluation assumptions
	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space
Vertical: 8 elements, 0.8λ space

	Scenario
	3D-UMa with 200m ISD, 3D-UMi with 200m ISD

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	UE  distribution
	Follows 36.873 3D-UMa-200m, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	FTP traffic model 1, Fullbuffer

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

Realistic interference estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	RI
	1 for MU-MIMO

1/2 for SU-MIMO

	PMI/CQI feedback granularity
	Subband (6 PRBs per subband) 

	PMI/CQI feedback periodicity
	10ms

	RI feedback periodicity
	120ms

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB

	Delta_mse 
[image: image34.wmf]D

for DMRS
	10dB

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with k REs per PRB where k is a value between 12 and 24 determined by the number of multiplexing UEs
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