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1 Introduction
In RAN#65 meeting, study on elevation beamforming/full-dimension (FD) MIMO for LTE has been approved as a new SI [1]. In this contribution, we provide preliminary results on uplink system level simulation (SLS) to assess potential enhancements with 2D antenna array and 8 TXRU. With different antenna configurations, we compare results between conventional MIMO and FD-MIMO for single user uplink transmissions. 
2 Simulation Assumptions for Uplink
As baseline evaluation assumptions for preliminary results, we follow the deployment scenario and 3D channel model in [2] and uplink simulation assumptions adopted in other study item such as TR36.814 [3]. 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 antenna elements per TXRU. Figure 1(a) and 1(b) shows the illustration of antenna element configuration with cross and co-polarization, respectively. 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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 for co-polarization and 2T for cross-polarization. Considering one of possible implantations of TXRU modelling [5], each antenna port consists of 
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vertical antenna elements as shown in Figure 1(c), for example. We assumed that all antenna elements are uniformly spaced in the horizontal and vertical directions with spacing of
[image: image6.wmf]2

/

λ

.
[image: image7.png]| L(0'3)

©2)

L

~

a

| =
= |

—_= —_—s —

! 2
g .

~

-

— ~
[ -
= Z
~

(=) ~
— .. =
| Z
g

~

a

| =
= |
S 2
! S
s .

X

1)

X

0,0)

ON-1)

01)

0,0)

ON-1)

©

®)

@




        (a) cross-polarized array            (b) co-polarized array         (c) co-polarized array (K=2, M=4, N=4)

Figure 1. 2D antenna array structures
In this contribution, various eNB antenna configurations that consist of co-polarized antenna element to 4 and 8 TXRUs mapping were considered as follows.
· Configurations for legacy reference system 
· Legacy configuration #1: 4TXRU  with K=8, M=8, N=4 (T=32)

· Legacy configuration #2: 8TXRU with K=8, M=8, N=8 (T=64)

· FD- MIMO configurations

· FD-MIMO configuration #1: 8TXRU  with K=4, M=8, N=4 (T=32)

· FD-MIMO configuration #2: 8TXRU  with K=2, M=8, N=2 (T=16)

· FD-MIMO configuration #3: 8TXRU  with K=1, M=8, N=1 (T=8)

In this contribution, we assumed the antenna element to antenna port mappings for legacy configuration #1 and #2 as depicted by Figure 2. Also, the antenna element to antenna port mappings for FD-MIMO configuration #1, #2 and #3 are given by Figure 3. In Figure 2 and 3, each dashed blue box represents an antenna port, which consists of sole antenna element or multiple antenna elements (red solid bars in the figures).

[image: image8.png]i
mmmed Lol Lol Lo

(b) Legacy config. #2

Liil i
SIS

i
L.

L.

1
Lomme

L__I___|

L.

(a) Legacy config. #1




Figure 2. Antenna element to antenna port mappings for legacy configurations
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Figure 3. Antenna element to antenna port mappings for FD-MIMO configurations
In the cases of the legacy configuration, 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 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 with 4 TXRU’s and FD-MIMO configuration #1 have the same 2D antenna element structure, i.e. 
[image: image11.wmf])

4

=

,

8

=

(

N

M

, FD-MIMO configuration #1 can has 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.
In this contribution, we assumed 3D-UMa channel model [2]. Other assumptions for uplink SLS are shown in Appendix.
3 Simulation results
The performance metrics used in the evaluations are as follows: 

· Average cell throughput and 5% edge throughput 
· Normalized user throughput CDF
Table 1 shows the average cell throughput and 5% cell-edge user throughput results according to eNB antenna configurations. Figure 2 depicts the normalized user throughput CDF, where the blue lines and the red lines represent the legacy and the FD-MIMO antenna configurations, respectively. 

Table 1. Avg. cell throughput and cell-edge user throughput in 3D-UMa channel model
	eNB antenna configuration
	Avg. cell throughput 
	Cell-edge user throughput 

	Legacy configuration #1: 

4 TXRU’s, [K=8, M=8, N=4], T=32
	100% (reference)
	100% (reference)

	Legacy configuration #2:

 8 TXRU’s, [K=8, M=8, N=8], T=64
	133.1%
	211.4%

	FD-MIMO configuration #1:
8 TXRU’s, [K=4, M=8, N=4], T=32
	134.2%
	198.7%

	FD-MIMO configuration #2:
8 TXRU’s, [K=2, M=8, N=2], T=16
	123.9%
	166.8%

	FD-MIMO configuration #3:
8 TXRU’s, [K=1, M=8, N=1], T=8
	108.2%
	142.8%
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Figure 4. CDF curves of normalized user throughput according to BS antenna configurations
From the results, we can make observations on the relationship between different number of antenna elements and TXRUs with reference to the uplink performance. Considering FD-MIMO configuration #1 the following comparative observations:

· FD-MIMO configuration #1 has significantly better performance compared to legacy configuration #1 (both configurations have the same number of antenna elements)

· FD-MIMO configuration #1 has similar performance compared to legacy configuration #2 (number of antenna elements in legacy configuration is twice that of FD-MIMO configuration)
Despite the smaller number of antenna elements in FD-MIMO configuration #1 compared to legacy configuration #2, similar performance is possible by taking advantage of the dynamic beam control in the vertical direction. Specifically, although zenith angular spread is smaller than azimuth angular spread, the antenna element to antenna port mapping in FD-MIMO configuration #1 results in vertical antenna port locations that have a spacing of 2(. Such antenna port spacing (relative larger than 0.5() allows relatively focused transmissions in the vertical direction.
In order to determine the effect of the number of antenna elements on the overall performance of FD-MIMO, we have set up FD-MIMO configurations #1 to #3 with different number of antenna elements. FD-MIMO configuration #2 has half the number of antenna elements as FD-MIMO configuration #1 and FD-MIMO configuration #3 has half the number antenna elements as FD-MIMO configuration #2. The number of TXRU’s for all three FD-MIMO configurations are the same. The number of antenna elements mapped to each antenna port can be summarized as follows:
· FD-MIMO configuration #1: 2 ports on vertical axis, 4 antenna elements are mapped to each antenna port

· FD-MIMO configuration #2: 4 ports on vertical axis, 2 antenna elements are mapped to each antenna port

· FD-MIMO configuration #3: 8 ports on vertical axis, 1 antenna element is mapped to each antenna port

Comparing performance results between FD-MIMO configurations #1 through #3, we can observe performance degradation as the total number of antenna elements in the antenna array decreases (even with same number of TXRU’s). Note that since the number of vertical antenna elements is fixed to 
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, increasing the number of vertical ports means decreasing the number of antenna elements per port. For example, there is no additional antenna port gain for the FD-MIMO configuration #3 because each antenna port consists of a single antenna element in this case. However, note that although the performance of FD-MIMO deteriorates with as the total number antenna elements decreases, the performance gains of the FD-MIMO configuration #3 is still significantly higher than those of legacy 4 TXRU configuration (gain of 8.2% and 42.8% for average cell throughput and cell-edge user throughput, respectively). These results show that at least for 8 TXRU’s, flexible beamforming gain in vertical domain can provide more gain compared to legacy systems with the vertically-fixed antenna port. Based on the above discussions, we summarize the observations as follows:
· Observations

· For 8 TXRU’s, FD-MIMO can achieve similar performance as legacy MIMO that has twice the number of antenna elements (FD-MIMO configuration #1 vs legacy configuration #2).
· For 8 TXRU’s, dynamic beamforming in both vertical and horizontal domains provides larger gain than that of a legacy antenna port configurations that solely rely on combining gain in the vertical domain.
Above observations show the potential uplink performance gains by increasing the number of TXRUs under the limited number of situations, such as small numbers of TXRU (4 & 8) and SIMO transmission. Further study and evaluation for potential uplink SU and MU gains will be undertaken while considering larger number of TXRUs (up to 64) with different antenna element array to TXRU mapping.
4 Conclusion
In this contribution, we presented system level simulation results for FD-MIMO uplink with SIMO in 3D-UMa scenario. Based on our simulation results, the following observations are drawn:
Observation 1: For 8 TXRU’s, FD-MIMO can achieve similar performance as legacy MIMO that has twice the number of antenna elements (FD-MIMO configuration #1 vs legacy configuration #2)
Observation 2:
For 8 TXRU’s, dynamic beamforming in both vertical and horizontal domains provides larger gain than that of a legacy antenna port configurations that solely rely on combining gain in the vertical domain.
Observation 3: It is required to study potential uplink performance gains of FD-MIMO by increasing the number of TXRUs with different antenna element to TXRU mapping for SU-MIMO and MU-MIMO transmissions.
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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
	3D-UMa

	BS antenna configurations
	Legacy) [K=8, M=8, N=4], [K=8, M=8, N=8] 

	
	FD MIMO) [K=4, M=8, N=4], [K=2, M=8, N=2], [K=1, M=8, N=1]

	BS antenna polarization
	Co-polarized

	BS antenna downtilt
	12 degrees

	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
	Frequency Domain Multiplexing: non-channel dependent, share available bandwidth between UEs connected to the cell, all UEs get resources in every uplink subframe.
With U users and NRB PRBs available,  Uh=mod(NRB,U) users get floor(NRB/U)+1 PRBs whereas Ul=U-Uh users get floor(NRB/U) PRBs

	Receiver
	Ideal channel estimation, both demodulation and sounding

	
	Explicit intercell interference modelling   

	
	MRC receiver 

	Hybrid ARQ
	Maximum 4 transmissions, CC

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

	Maximum UE TX power
	23dBm

	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

	
	4ms of channel sounding delay

	Link mapping
	AESM [4]

	Power control
	P0=-106dBm, alpha=1.0
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