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1 Introduction
In RAN1#78bis and RAN1#79 meetings, we provided preliminary results on uplink single-user (SU) system level simulation (SLS) to assess potential enhancements with 2D antenna arrays. In [1] and [2], we showed that at least for SU case, throughput performances of uplink FD-MIMO especially for cell edge UEs drastically outperform those of legacy MIMO configurations. In this contribution, we provide additional homogeneous uplink multi-user (MU) SLS results with various numbers of TXRU. In addition, we provide the revised SU SLS results with more realistic uplink power control parameters. 
2 Simulation Assumptions for Uplink
As baseline evaluation assumptions for preliminary results, we follow the deployment scenario and 3D channel model in [3] and uplink simulation assumptions adopted in other study item such as TR36.814 [4]. Specifically, following deployment options are considered according to the email discussion [78bis-18]:

· Option 1) 3D-UMa with ISD=500m (2GHz), downtilting 100 degree

· Option 2) 3D-UMa with ISD=200m (2GHz), downtilting 104 degree

· Option 3) 3D-UMi with ISD=200m (2GHz, 3.5GHz), downtilting 100 degree
For evaluation of different antenna configurations, we define 2D antenna element structure as shown in Figure 1. In the 2D antenna array at eNB side, 
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 is the size of antenna columns, 
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 is the number of antenna elements with the same polarization in each column, and 
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 is the number of TXRUs per column per polarization dimension. Considering (M, N) size of 2D antenna array, the number of total antenna elements in the 2D antenna array is given by 
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. We assumed that all antenna elements are uniformly spaced in the horizontal and vertical directions with spacing of 
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Figure 1. 2D cross-polarized antenna array structures (P=2)
In this contribution, various eNB antenna configurations that consist of cross-polarized antenna element to 2 and 32 TXRUs mapping (i.e. 
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· Antenna element structures

· Type 1: M=8, N=1, P=2 (T=16)

· Type 2: M=8, N=2, P=2 (T=32)

· Configurations for legacy reference system 
· Legacy configuration #1: MTXRU=1, N=1, P=2 (type 1, 
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· Legacy configuration #2: MTXRU=1, N=2, P=2 (type 2, 
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· FD- MIMO configurations

· FD-MIMO configuration #1: MTXRU=2, N=1, P=2 (type 1, 
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· FD-MIMO configuration #2: MTXRU=4, N=1, P=2 (type 1, 
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· FD-MIMO configuration #3: MTXRU=8, N=1, P=2 (type 1, 
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· FD-MIMO configuration #4: MTXRU=2, N=2, P=2 (type 2, 
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· FD-MIMO configuration #5: MTXRU=4, N=2, P=2 (type 2, 
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· FD-MIMO configuration #6: MTXRU=8, N=2, P=2 (type 2, 
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Figure 2 depicts the antenna element to antenna port mappings for the legacy and FD-MIMO configurations. In Figure 2, each dashed blue box represents an antenna port, which consists of sole antenna element or multiple antenna elements in the same polarization (red or blue solid bars in the Figure 2).
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Figure 2. Antenna element to antenna port mappings
In the cases of the legacy configurations, each TXRU is connected to a single antenna port and multiple antenna ports constitute a horizontal array. In addition, each antenna port consists of 
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 vertical antenna elements within the same column. In the legacy configurations, therefore, each antenna port takes advantage of full combining gain with a fixed beam in the vertical domain. In the cases of FD-MIMO configurations, on the other hand, there is a trade-off between vertical combining gain and dynamic beam control in vertical domain depending on how each column is divided into one or more antenna ports. For instance, although the legacy configuration #2 with 4 TXRU’s and FD-MIMO configuration #6 with 32 TXRU’s have the same 2D antenna element structure, they represent the extreme cases for vertical combining and dynamic beam control in vertical domain, respectively. FD-MIMO configurations have antenna ports located on both the horizontal and vertical axis allowing beam control in vertical domain as well as horizontal domain. Note that in the legacy configurations, dynamic beam control is only available in the horizontal domain.

We use following two assumptions for simple and intuitive results. First, the per PRB transmit power for PUSCH transmission of the j-th UE is determined by the uplink power control parameters, 
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, as follows:
	
[image: image21]
	(1)


where 
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 is the nominal power determined by eNB, 
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 is the pathloss compensation parameter, 
[image: image24.wmf]CMAX

P

is maximum UE transmit power, 
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 is the number of RBs allocated to the j-th UE, and 
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 is the pathloss between the i-th eNB and the j-th UE. Here, i-th eNB is the serving eNB of the j-th UE. Second, scheduling grant is 5RBs and the maximum RBs that can be allocated to j-th UE 
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With a large 
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, UE throughput will be limited by the number of scheduled RBs. On the other hands, interference power will be bottleneck of UE throughput with a small 
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In this contribution, frequency selective scheduler with proportional fair (PF) metric is utilized. 
Other assumptions for uplink SLS are shown in Table 3 of Appendix.
3 Simulation results
The performance metrics used in the evaluations are as follows: 

· Average cell throughput 
· 5% edge UE throughput 
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Figure 3 Relative performance gains of various SU/MU FD-MIMO configurations over the legacy configuration #1 (3D-UMa with ISD 500m, uplink power control parameters are given by P0=-90dBm and alpha=0.8)
Figure 3, 4, and 5 depict relative average throughput and 5% edge UE throughput performances of various antenna configurations over the legacy configuration #1 for the deployment option 1, 2, and 3, respectively. Deployment option 1, 2, and 3 represent 3D-UMa channel with ISD 500m, 3D-UMa channel with ISD 200m, and 3D-UMi channel with ISD 200m, respectively, as we mentioned in Section II. Uplink power control parameters are assumed to be (
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Figure 3 shows that in SU case, performance gains for edge UEs are significantly larger than those for centre UEs just as we discussed in [1] and [2]. On the other hand, eNB can allocate additional bandwidth for centre UEs with large 
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 by adopting MU scheduling. Consequently, we can see that MU FD-MIMO makes it possible to acquire above 370% performance gain over SU legacy MIMO for both average and 5% edge UE throughput regardless of 
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. Note that for 3D-UMa with ISD 500m, MU gains for edge UEs are relatively small because 
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 of edge UEs are strictly restricted by large pathloss and inter-user interference will be the bottleneck of UE throughput in this case.
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Figure 4 Relative performance gains of various SU/MU FD-MIMO configurations over the legacy configuration #1 (3D-UMa with ISD 200m, uplink power control parameters are given by P0=-90dBm and alpha=0.8)
[image: image42.png]7 Type 1, MU up to 2 UEs
HType 2, MU up to 2 UEs

o O
P
(77
> o
o 0
o
o o
ERES
[
NI

NN

B N
N %%%%

XA

4%

3////////&

'

1100
1000
0

[%] andyBnoayy 3n a6pa %g

N d////////////d
\

NN
\ "

Array gain

150 +——4

a N

[%] andyBnoayy 12> By

Muxry

Muxry



Figure 5 Relative performance gains of various SU/MU FD-MIMO configurations over the legacy configuration #1 (3D-UMi with ISD 200m, uplink power control parameters are given by P0=-90dBm and alpha=0.8)
In Figure 4 and 5, average throughput performances have similar tendencies with that of Figure 3, regardless of ISD. Since the ISD is reduced to 200m in Figure 4 and 5 (i.e. because of the decreasing 
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 for edge UEs are large enough. For this reason, the importance of the number of scheduled RBs increases and edge UEs can get significant MU gain as well. In 3D-UMa channel with ISD 200m, MU FD-MIMO gains over SU legacy MIMO are above 390% for average throughput and 560% for edge UE throughput, respectively. In 3D-UMi channel, UEs might suffer from relatively high pathloss and NLOS components caused by the low position of eNB. However, FD-MIMO has higher dynamic beamforming capability, which makes it possible to overcome above channel characteristics. Consequently, the performance gains further increase, above 420% for average throughput and 730% for edge UE throughput in 3D-UMi channel.

The numerical values in Figure 3, 4, and 5 are listed by Table 2, 3, and 4 in Appendix, respectively.

Based on the above discussions, following comparative observations are available.

· Observations
· Dynamic beamforming in both vertical and horizontal domains provides larger gain than that of a legacy antenna port configurations which solely rely on combining gain in the vertical domain
· Vertically distributed antenna ports play an important role for the cell edge UEs

· Considering MU scheduling, FD-MIMO configurations significantly enhance both average and 5% edge UE throughput over the legacy MIMO configurations
Although uplink throughput maximization is not a major issue in current system, it is impressive that FD-MIMO can significantly enhance edge UE throughput.
· Proposal
· Include the above uplink performance evaluation of FD-MIMO on the TR (Table 2 ~ Table 4)
4 Conclusion
In this contribution, we presented system level simulation results for SU/MU FD-MIMO uplink in 3D-UMa scenario. Based on our simulation results, the following conclusions are drawn:
Observation 1: Dynamic beamforming in both vertical and horizontal domains provides larger gain than that of a legacy antenna port configuration which solely relies on combining gain in the vertical domain.
Observation 2: Vertically distributed antenna ports play an important role for the cell edge UEs.
Observation 3: Considering MU scheduling, FD-MIMO configurations significantly enhance both average and 5% edge UE throughput over the legacy MIMO configurations.
Proposal: Include the above uplink performance evaluation of FD-MIMO on the TR (Table 2 ~ Table 4)
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Appendix
Table 2. System parameter assumptions
	Parameter
	Values

	Cell layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Channel model & 
BS antenna downtilt
	3D-UMa, ISD 500m, 100 degree

	
	3D-UMa, ISD 200m, 104 degree

	
	3D-UMi, ISD 200m, 100 degree

	BS antenna element configurations
	[M=8, N=1, P=2], [M=8, N=2, P=2]

	BS antenna polarization
	Cross-polarized

	UE attachment
	Based on RSRP (formula) from CRS port 0

	Carrier frequency
	2GHz

	Duplex
	FDD

	Network sync
	Synchronized

	System bandwidth
	10MHz (50RBs)

	Number of UEs per sector
	10

	UE distribution
	According to Table 6-1 in TR36.873

	UE speed
	3km/h

	UE antenna pattern
	Isotropic antenna gain pattern 

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	Traffic model
	Full-buffer

	Scheduler
	PF scheduler (considering single carrier property)

	Receiver
	Ideal channel estimation, both demodulation and sounding

	
	Explicit intercell interference modelling   

	
	MRC receiver for SU / MMSE receiver for MU

	Hybrid ARQ
	Maximum 4 transmissions, CC

	Transmission scheme
	1xMR SIMO (MR: the number of BS antenna ports)

	Maximum UE TX power
	24dBm

	Target BLER
	10%

	Overhead
	2 SC-FDMA symbols per 1ms for the demodulation RS

	
	1 SC-FDMA symbols per 2ms for channel sounding RS

	
	8RBs for PUCCH

	SRS configurations
	20ms of channel sounding RS period (infinite SRS capacity)

	
	4ms of channel sounding delay

	Link mapping
	AESM [5]

	Power control
	P0=-90dBm, alpha=0.8


Table 2. Average cell throughput and 5% edge UE throughput according to various deployment scenarios and eNB antenna configurations (3D-UMa with ISD 500m, uplink power control parameters are given by P0=-90dBm and alpha=0.8)
	Scheduler
	SU
	MU up to 2 UEs

	eBN antenna configuration
	Avg. cell throughput

[bps/Hz/cell]
	5% UE throughput

[bps/Hz/user]
	Avg. cell throughput

[bps/Hz/cell]
	5% UE throughput

[bps/Hz/user]

	Type 1
(M=8,N=1,P=2)
	Legacy config. #1
(MTXRU=1, 2 TXRU's)
	0.838
	0.025
	1.290
	0.022

	
	
	(100%)
	(100%)
	(153.9%)
	(86.7%)

	
	FD-MIMO config. #1
(MTXRU=2, 4 TXRU's)
	1.184
	0.056
	2.047
	0.059

	
	
	(141.2%)
	(221.7%)
	(244.2%)
	(235.3%)

	
	FD-MIMO config. #2
(MTXRU=4, 8 TXRU's)
	1.485
	0.077
	2.769
	0.081

	
	
	(177.2%)
	(304%)
	(330.3%)
	(319.2%)

	
	FD-MIMO config. #3
(MTXRU=8, 16 TXRU's)
	1.810
	0.99
	3.485
	0.117

	
	
	(216%)
	(392.9%)
	(415.9%)
	(464.5%)

	Type 2
(M=8,N=2,P=2)
	Legacy config. #2
(MTXRU=1, 4TXRU's)
	1.131
	0.041
	1.984
	0.041

	
	
	(134.9%)
	(164.2%)
	(236.8%)
	(161.5%)

	
	FD-MIMO config. #4
(MTXRU=2, 8 TXRU's)
	1.524
	0.083
	2.828
	0.082

	
	
	(181.9%)
	(326.9%)
	(337.4%)
	(326.4%)

	
	FD-MIMO config. #5
(MTXRU=4, 16 TXRU's)
	1.859
	0.110
	3.632
	0.127

	
	
	(221.8%)
	(435.8%)
	(433.4%)
	(503.9%)

	
	FD-MIMO config. #6
(MTXRU=8, 32 TXRU's)
	2.224
	0.136
	4.425
	0.155

	
	
	(265.3%)
	(538.7%)
	(528%)
	(614.4%)


Table 3. Average cell throughput and 5% edge UE throughput according to various deployment scenarios and eNB antenna configurations (3D-UMa with ISD 200m, uplink power control parameters are given by P0=-90dBm and alpha=0.8)
	Scheduler
	SU
	MU up to 2 UEs

	eBN antenna configuration
	Avg. cell throughput

[bps/Hz/cell]
	5% UE throughput

[bps/Hz/user]
	Avg. cell throughput

[bps/Hz/cell]
	5% UE throughput

[bps/Hz/user]

	Type 1
(M=8,N=1,P=2)
	Legacy config. #1
(MTXRU=1, 2 TXRU's)
	1.097
	0.058
	1.571
	0.078

	
	
	(100%)
	(100%)
	(143.2%)
	(134.6%)

	
	FD-MIMO config. #1
(MTXRU=2, 4 TXRU's)
	1.476
	0.097
	2.588
	0.163

	
	
	(134.5%)
	(167.6%)
	(235.8%)
	(281.2%)

	
	FD-MIMO config. #2
(MTXRU=4, 8 TXRU's)
	1.818
	0.132
	3.463
	0.243

	
	
	(165.7%)
	(227.4%)
	(315.6%)
	(420%)

	
	FD-MIMO config. #3
(MTXRU=8, 16 TXRU's)
	2.181
	0.166
	4.315
	0.325

	
	
	(198.7%)
	(286.2%)
	(393.1%)
	(516%)

	Type 2
(M=8,N=2,P=2)
	Legacy config. #2
(MTXRU=1, 4TXRU's)
	1.454
	0.091
	2.538
	0.155

	
	
	(132.5%)
	(157.1%)
	(231.3%)
	(267.9%)

	
	FD-MIMO config. #4
(MTXRU=2, 8 TXRU's)
	1.848
	0.130
	3.537
	0.244

	
	
	(168.4%)
	(223.5%)
	(322.3%)
	(421.5%)

	
	FD-MIMO config. #5
(MTXRU=4, 16 TXRU's)
	2.243
	0.169
	4.434
	0.331

	
	
	(204.4%)
	(291.5%)
	(404%)
	(570.4%)

	
	FD-MIMO config. #6
(MTXRU=8, 32 TXRU's)
	2.641
	0.211
	TBU
	TBU

	
	
	(240.7%)
	(363.1%)
	(%)
	(%)


Table 4. Average cell throughput and 5% edge UE throughput according to various deployment scenarios and eNB antenna configurations (3D-UMi with ISD 200m, uplink power control parameters are given by P0=-90dBm and alpha=0.8)
	Scheduler
	SU
	MU up to 2 UEs

	eBN antenna configuration
	Avg. cell throughput

[bps/Hz/cell]
	5% UE throughput

[bps/Hz/user]
	Avg. cell throughput

[bps/Hz/cell]
	5% UE throughput

[bps/Hz/user]

	Type 1
(M=8,N=1,P=2)
	Legacy config. #1
(MTXRU=1, 2 TXRU's)
	0.969
	0.027
	1.453
	0.023

	
	
	(100%)
	(100%)
	(150%)
	(85.2%)

	
	FD-MIMO config. #1
(MTXRU=2, 4 TXRU's)
	1.351
	0.052
	2.378
	0.059

	
	
	(139.4%)
	(194.3%)
	(245.5%)
	(221.4%)

	
	FD-MIMO config. #2
(MTXRU=4, 8 TXRU's)
	1.749
	0.091
	3.296
	0.148

	
	
	(180.5%)
	(337%)
	(340.3%)
	(549.6%)

	
	FD-MIMO config. #3
(MTXRU=8, 16 TXRU's)
	2.097
	0.119
	4.104
	0.198

	
	
	(216.5%)
	(444.5%)
	(423.6%)
	(735.4%)

	Type 2
(M=8,N=2,P=2)
	Legacy config. #2
(MTXRU=1, 4TXRU's)
	1.276
	0.044
	2.244
	0.045

	
	
	(131.7%)
	(162.7%)
	(231.6%)
	(166.6%)

	
	FD-MIMO config. #4
(MTXRU=2, 8 TXRU's)
	1.704
	0.079
	3.219
	0.091

	
	
	(175.9%)
	(293.6%)
	(332.3%)
	(339.6%)

	
	FD-MIMO config. #5
(MTXRU=4, 16 TXRU's)
	2.153
	0.126
	4.191
	0.222

	
	
	(222.2%)
	(468.2%)
	(432.6%)
	(827.8%)

	
	FD-MIMO config. #6
(MTXRU=8, 32 TXRU's)
	2.525
	0.157
	5.018
	0.261

	
	
	(260.7%)
	(583.1%)
	(518%)
	(970%)


� Note that we revised the uplink power control parameters since our previous setting (� EMBED Equation.3  ���dBm, � EMBED Equation.3  ���) is unfavourable to the legacy configurations, especially for edge UEs.
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