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1. Introduction

The study item on elevation beamforming and full dimension MIMO was approved in the 3GPP RAN#65 meeting [1]. In RAN1#80 meeting, four baseline categories were agreed for performance evaluation as below:

· Category 1:  Sectorization (in one or both of vertical and horizontal domains) with different cell-ID for each sector

· Category 2:  Virtual sectorization using one or more beamformed CSI-RS resource(s) with a single cell-ID (single sector as a special case)

· Category 3:  Kronecker precoding with 2 CSI processes

· Category 4:  SRS based precoding scheme in TDD
In this contribution, category 2 vertical sectorization with fully-connected TXRU mapping is discussed, and the performance of vertical sectorization with 16 TXRU-64 TXRU is evaluated. In a companion contribution [2], vertical sectorization with sub-array TXRU mapping is evaluated.
2. CSI-RS beamforming with fully-connected TXRU mapping
Vertical sectorization could be implemented by splitting a cell into multiple vertical sectors using different beams in the vertical domain as illustrated in Figure 1. It is expected that vertical sectorization could improve system performance as users could be separated in vertical domain in addition to horizontal domain.
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Figure 1: Vertical sectorization

To implement vertical sectorization, TXRU is fully connected to a column of antennas in the same polarization as shown in Figure 2. One TXRU in a column is used to serve one vertical sector. That is, the number of vertical sectors equals the number of TXRU in a column in the same polarization. With 8 TXRU in horizontal, the total number of TXRU required for 2, 4, and 8 vertical sectors are 16, 32, and 64 respectively. One CSI-RS resource is configured for one vertical sector, and a CSI-RS port is mapped to one TXRU. All these vertical sectors share a single CELL ID.
Down tilt angle of vertical sector is a critical design parameter that affects system performance. In this contribution, we consider different combinations of down tilt values as listed in Table 1. For two vertical sectors a number of alternatives are considered, because two vertical sectors are difficult to cover the whole space and the selection of down tilt value might be sensitive in this case.
Table 1: Down tilt values of vertical sectors

	# Vertical sectors
	3D-UMi/3D-UMi-3.5GHz (degree)
	3D-UMa/3D-UMa-200m (degree)

	2 vertical sectors 
	85 for outer sector, [92 : 2 : 110] for inner sector
	95 for outer sector, [102 : 2 : 120] for inner sector

	4 vertical sectors
	81.01, 88.21, 95.38, 102.64
	95.38, 102.64, 108.21, 115.94

	8 vertical sectors
	75.5, 82.8, 86.4, 90, 93.6, 97.2, 100.8, 108.2
	90, 93.6, 97.2, 100.8, 104.5, 108.2, 112, 115.9


To achieve fair comparison, the total transmission power of vertical sectorization is kept constant across different number of vertical sectors. Power split between vertical sectors is modeled. Two options are evaluated:

Opt.1: No power splitting between vertical sectors: Transmission power could be allocated among vertical sectors freely. This is an optimistic modeling, imposing challenging requirements on power amplifier. That is, power amplifier of a TXRU shall have large dynamic range so that it can borrow power from a TXRU that has no data to transmit.
Opt.2: Even power splitting between vertical sectors: Transmission power of a vertical sector is strictly confined of 1 / N of the total transmission power, where N is the number of vertical sectors. Even if there is no service in a vector sector, the transmission power could not be borrowed by other vertical sectors. This is a pessimistic modeling. 
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Figure 2: TXRU to antenna element virtualization
3. Evaluation results
In this section, performance of vertical sectorization is evaluated. Both full buffer traffic and FTP traffic are modeled. Eight antenna elements in a column and eight antenna elements in a row are assumed, i.e., antenna configuration is (M, N, P) = (8, 4, 2). Four scenarios are considered in this evaluation: 3D UMi with 2GHz frequency (3D-UMi), 3D UMa with 2GHz frequency and ISD 500m (3D-UMa), 3D UMa with 2G frequency and ISD 200m (3D-UMa-200m), 3D UMi with 3.5GHz frequency (3D-UMi-3.5GHz). Other detailed simulation assumptions could be found in Table A1. 
The performance is compared with Rel-12 DL MIMO scheme following the Phase I description in the SID, where eight TXRUs arranged in horizontal are assumed.

Vertical sector is selected based on RSRP measurement and selected sector for a UE is updated every 200ms. Once a sector is selected and configured for a UE, the UE then measures CSI from CSI-RS resource associated with the vertical sector. For both vertical sectorization and Phase I MIMO, legacy 8Tx codebook is used for feedback. Subband feedback with subband size of 6 PRB is assumed. PMI and CQI are feedback with periodicity of 10ms. Rank adaptation is enabled and RI is updated every 120ms. 
3.1. Results for 16TXRU
By using 16 TXRU, two vertical sectors could be formed. In our evaluation, down tilt values of the outer sector is fixed as 85 degree or 95 degree depending on the applied scenarios while the down tilt value of the inner sector is changing from 92 to 110 degree or from 102 to 120 degree. 

Figure 3 – Figure 6 show the performance of vertical sectorization versus the down tilt value of the inner sector. Power splitting Opt.1 is assumed in these results. The following observation could be made:
· In 3D-UMa scenario, significant gain could be achieved at low traffic load. Inner sector of 102 degree gives the best performance. When traffic load becomes high (including full buffer), the gain diminishes and even performance loss could be observed.

· In 3D-UMi scenario, over 34% cell edge gain could be observed at all FTP traffic load level. The best down tilt value for this scenario is 96 degree.

· In 3D-UMi-3.5GHz scenario, vertical sectorization achieves over 40% cell edge gain at all FTP traffic load level. The best down tilt value for this scenario is 94 (FTP traffic) and 96(full buffer) degree.

· In 3D-UMa-200m scenario, vertical sectorization obtains over 39% cell edge gain under medium to high FTP traffic load. The best down tilt value for this scenario is 104 (FTP traffic) and 106(full buffer) degree.

The results of vertical sectorization with the best choice of down tilt values in various scenarios are summarized in Table 2 and Table 3.

· With power splitting Opt.1, except for 3D-UMa scenario, vertical sectorization could obtain significant gain.
· Under FTP traffic, power splitting Opt.2 incurs about 10% performance loss over Opt.1. Under full buffer traffic, around 10% loss on cell edge SE is observed, but no loss is observed on cell average SE.
Table 2: Performance of vertical sectorization with two sectors, FTP traffic
	Scenarios
	Traffic load
	Phase I MIMO
	Vertical Sectorization
(Opt. 1)
	Vertical Sectorization
（Opt.2）

	
	
	5% UPT  (Mbps)
	50%  UPT (Mbps)
	Mean UPT (Mbps)
	5% UPT  (Mbps)
	50%  UPT (Mbps)
	Mean UPT (Mbps)
	5% UPT  (Mbps)
	50%  UPT (Mbps)
	Mean UPT (Mbps)

	3D-UMa
	
[image: image3.wmf]l

=2
	11.04
	29.93
	35.75
	14.71
(33.24%)
	37.11
(23.99%)
	38.59
(7.94%)
	13.12
(18.84%)
	30.89
(3.21%)
	36.41
(1.85%)
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=4
	5.58
	20.68
	24.72
	6.49
(16.31%)
	21.30
(3.00%)
	25.01
(1.17%)
	5.37
(-3.76%)
	18.84
(-8.90%)
	22.65
(-8.37%)
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=5
	3.27
	14.34
	18.83
	3.30
(0.92%)
	13.61
(-5.09%)
	17.83
(-5.31%)
	2.92
(-10.70%)
	12.29
(-14.30%)
	16.32
(-13.33%)

	3D-UMi
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=2
	13.73
	36.30
	38.20
	18.05
(31.46%)
	47.62
(31.18%)
	42.53
(11.34%)
	16.33
(18.94%)
	43.40
(19.56%)
	40.71
(6.57%)
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=4
	6.41
	22.01
	25.68
	9.07

(41.50%)
	27.00
(22.67%)
	30.13
(17.33%)
	8.28
(29.17%)
	25.03
(13.72%)
	28.50
(10.98%)
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=5
	3.39
	14.71
	19.33
	5.65
(66.67%)
	20.22
(37.46%)
	24.01
(24.21%)
	5.78
(70.50%)
	19.48
(32.43%)
	23.38
(20.95%)

	3D-UMa-200m
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=2
	14.76
	37.09
	38.46
	15.95
(8.06%)
	39.97
(7.76%)
	39.53
(2.78%)
	15.50
(5.01%)
	36.47
(-1.67%)
	38.47
（0.03%）
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=4
	5.41
	19.93
	23.69
	7.21
(33.27%)
	23.01
(15.45%)
	25.91
(9.37%)
	6.66
(23.11%)
	20.65
(3.61%)
	23.70
（0.04%）
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=5
	2.99
	13.07
	17.18
	4.05
(35.45%)
	15.44
(18.13%)
	18.70
(8.85%)
	3.76
(25.75%)
	14.20
(8.65%)
	17.30
(0.70%)

	3D-UMi-3.5GHz
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=2
	12.06
	34.53
	37.48
	16.57
(37.40%)
	45.87
(32.84%)
	41.69
(11.23%)
	15.58
(29.19%)
	42.63
(23.46%)
	40.31
(7.55%)
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=4
	5.58
	20.31
	24.40
	8.81
(57.89%)
	26.79
(31.91%)
	29.97
(22.83%)
	8.32
(49.10%)
	25.03
(23.24%)
	28.47
(16.68%)
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=5
	3.19
	14.10
	18.57
	5.74
(79.94%)
	20.53
(45.60%)
	24.47
(31.77%)
	5.29
(65.83%)
	17.95
(27.30%)
	22.02
(18.58%)


Table 3: Performance of vertical sectorization with two sectors, full buffer traffic
	Scenarios
	Phase I MIMO
	Vertical Sectorization
(Opt. 1)
	Vertical Sectorization

（Opt.2）

	
	Cell average SE (bps/Hz)
	Cell edge user SE (bps/Hz/user)
	Cell average SE (bps/Hz)
	Cell edge user SE (bps/Hz/user)
	Cell average SE (bps/Hz)
	Cell edge user SE (bps/Hz/user)

	3D-UMa
	3.45
	0.0709
	3.34
(-3.15%)
	0.0680
(-4.09%)
	3.58
(3.77%)
	0.0694
(-2.12%)

	3D-UMi
	3.40
	0.0668
	4.08
(19.98%)
	0.0930
(39.22%)
	4.06
(19.41%)
	0.0884
(32.34%)

	3D-UMa-200m
	3.33
	0.0651
	3.65
(9.55%)
	0.0848
(30.26%)
	3.69
(10.81%)
	0.0787
(20.89%)

	3D-UMi-3.5GHz
	3.41
	0.0688
	4.11
(20.54%)
	0.0931
(35.32%)
	4.03
(18.18%)
	0.0861
(25.15%)


[image: image15.emf] 

0

5

10

15

20

25

30

35

40

45

102 104 106 108 110 112 114 116 118 120

Throughput (Mbps)

Performance of FD-MIMO FTP traffic, λ=2, 3D-UMa scenario

[image: image16.emf] 

0

5

10

15

20

25

30

35

40

45

50

92 94 96 98 100 102 104 106 108 110

Throughput (Mbps)

Performance of FD-MIMO FTP traffic, λ=2, 3D-UMi scenario


[image: image17.emf] 

0

5

10

15

20

25

30

35

40

45

102 104 106 108 110 112 114 116 118 120

Throughput (Mbps)

Performance of FD-MIMO FTP traffic, λ=2, 3D-UMa-200 scenario

[image: image18.emf] 

0

5

10

15

20

25

30

35

40

45

50

92 94 96 98 100 102 104 106 108 110

Throughput (Mbps)

Performance of FD-MIMO FTP traffic, λ=2, 3D-UMi-3.5GHz scenario


[image: image19.emf] 

0

5

10

15

20

25

30

102 104 106 108 110 112 114 116 118 120

Throughput (Mbps)

Performance of FD-MIMO FTP traffic, λ=4, 3D-UMa-200 scenario

Phase

Ⅰ

5% Throughput

Phase

Ⅰ

50% Throughput

Phase

Ⅰ

Average Throughput

VS 5% Throughput VS 50% Throughput VS Average Throughput


Figure 3: Performance of vertical sectorization, FTP traffic, 
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Figure 4: Performance of vertical sectorization, FTP traffic, 
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Figure 5: Performance of vertical sectorization, FTP traffic, 
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Figure 6: Performance of vertical sectorization, full buffer traffic
3.2. Results for 32TXRU

Results of vertical sectorization with 4 vertical sectors in each cell are presented in Table 4 and Table 5 for FTP traffic and full buffer traffic respectively. The following observations could be made from the results:
· Vertical sectorization is able to achieve significant gain in all scenarios and all FTP traffic load level except the 3D-UMa scenario with high traffic load. 
· The higher the FTP traffic load, the larger performance gain could be achieved except the 3D-UMa scenario.
· Power splitting Opt.2 leads to about 20% and more performance loss under FTP traffic. The performance loss under full buffer traffic is marginal.
Performance of 3D-UMa scenario degrades as traffic load gets higher. The reason for the degradation is that the gain from multi-user diversity could not compensate the loss from boosted interference when number of users in the system increases. As the spread of user distribution in vertical domain in 3D-UMa scenario is small, it is difficult to separate user from vertical domain. But in other three scenarios, larger number of users leads to more opportunity of user pairing in vertical domain, and this could compensate the boosted interference. 
Table 4: Performance of vertical sectorization with four sectors, FTP traffic
	Scenarios
	Traffic load
	Phase I MIMO
	Vertical Sectorization
(Opt. 1)
	Vertical Sectorization

（Opt.2）

	
	
	5% UPT  (Mbps)
	50%  UPT (Mbps)
	Mean UPT (Mbps)
	5% UPT  (Mbps)
	50%  UPT (Mbps)
	Mean UPT (Mbps)
	5% UPT  (Mbps)
	50%  UPT (Mbps)
	Mean UPT (Mbps)

	3D-UMa
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=2
	11.04
	29.93
	35.75
	14.68 
(32.97%)
	38.09 
(27.26%)
	38.71
 (8.28%)
	11.10
(0.54%)
	29.81
(-0.40%)
	33.31
(-6.83%)
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=4
	5.58
	20.68
	24.72
	6.33 
(13.44%)
	21.43
 (3.63%)
	25.17 
(1.82%)
	3.86
(-30.82%)
	14.50
(-29.88%)
	18.76
(-24.11%)
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=5
	3.27
	14.34
	18.83
	3.71 
(13.46%)
	14.28 
(-0.42%)
	18.36 
(-2.50%)
	2.07
(-36.70%)
	8.81
(-38.56%)
	12.54
(-33.40%)

	3D-UMi
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=2
	13.73
	36.30
	38.20
	18.12 
(31.97%)
	48.29 
(33.03%)
	42.87 
(12.23%)
	15.87
(15.59%)
	43.40
(19.56%)
	40.74
(6.65%)
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=4
	6.41
	22.01
	25.68
	10.11 
(57.72%)
	28.81 (30.90%)
	31.65 
(23.25%)
	8.42
(31.36%)
	24.97
(13.45%)
	28.34
(10.36%)
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	3.39
	14.71
	19.33
	7.04 
(107.67%)
	22.86 
(55.40%)
	26.55 
(37.35%)
	6.13
(80.83%)
	19.37
(31.68%)
	23.11
(19.56%)

	3D-UMa-200m
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=2
	14.76
	37.09
	38.46
	16.83 
(14.02%)
	43.40 
(17.01%)
	40.79
 (6.06%)
	14.82
(0.41%)
	36.87
(-0.59%)
	38.33
(-0.34%)
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	5.41
	19.93
	23.69
	8.99 
(66.17%)
	25.78 
(29.35%)
	28.58 
(20.64%)
	6.68
(23.48%)
	20.65
(3.61%)
	23.70
(0.04%)
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	2.99
	13.07
	17.18
	5.81 
(94.31%)
	18.84 (44.15%)
	22.43
(30.56%) 
	4.59
(53.51%)
	15.09
(15.46%)
	18.26
(6.29%)

	3D-UMi-3.5GHz
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	12.06
	34.53
	37.48
	18.06 
(49.75%)
	47.62 
(37.91%)
	42.60 
(13.66%)
	14.53
(20.48%)
	41.68
(20.71%)
	39.74
(6.03%)
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	5.58
	20.31
	24.40
	9.63 
(72.58%)
	28.10
(38.36%)
	31.26 
(28.11%)
	8.26
(48.03%)
	24.49
(20.58%)
	27.92
(14.43%)
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	3.19
	14.10
	18.57
	6.90
(116.30%)
	22.71 
(61.06%)
	26.25 
(41.36%)
	5.30
(66.14%)
	17.49
(24.04%)
	21.48
(15.67%)


Table 5: Performance of vertical sectorization with four sectors, full buffer traffic
	Scenarios
	Phase I MIMO
	Vertical Sectorization
(Opt. 1)
	Vertical Sectorization

（Opt.2）

	
	Cell average SE (bps/Hz)
	Cell edge user SE (bps/Hz/user)
	Cell average SE (bps/Hz)
	Cell edge user SE (bps/Hz/user)
	Cell average SE (bps/Hz)
	Cell edge user SE (bps/Hz/user)

	3D-UMa
	3.45
	0.0709
	3.54 
(2.58%)
	0.0695
(-1.92%) 
	3.49

(1.16%)
	0.0681
(-3.95%)

	3D-UMi
	3.40
	0.0668
	4.45
(30.82%)
	0.1015
(52.01%)
	4.33
(27.35%)
	0.1008
(50.90%)

	3D-UMa-200m
	3.33
	0.0651
	4.16
(25.05%)
	0.0985
(51.37%)
	4.07
(22.22%)
	0.0946
(45.31%)

	3D-UMi-3.5GHz
	3.41
	0.0688
	4.41
(29.38%)
	0.1004
(45.93%)
	4.30
(26.10%)
	0.0982
(42.73%)


3.3. Results for 64TXRU
Results of vertical sectorization with 8 vertical sectors in each cell are presented in Table 6 and Table 7 for FTP traffic and full buffer traffic respectively. Similar observation as 32 TXRU could be made from the results:
· Vertical sectorization with 8 vertical sectors is able to achieve significant gain in all scenarios and all traffic load level. 

· The higher the FTP traffic load, the larger performance gain could be achieved except the 3D-UMa scenario.
· Under FTP traffic, power splitting Opt.2 has more than 30% performance loss, under full buffer traffic; the performance loss is about 10%.
· The loss of power splitting Opt.2 increases as the number of vertical sector increases.

Table 6: Performance of vertical sectorization with eight sectors, FTP traffic
	Scenarios
	Traffic load
	Phase I MIMO
	Vertical Sectorization
(Opt. 1)
	Vertical Sectorization

（Opt.2）

	
	
	5% UPT  (Mbps)
	50%  UPT (Mbps)
	Mean UPT (Mbps)
	5% UPT  (Mbps)
	50%  UPT (Mbps)
	Mean UPT (Mbps)
	5% UPT  (Mbps)
	50%  UPT (Mbps)
	Mean UPT (Mbps)

	3D-UMa
	
[image: image50.wmf]l

=2
	11.04
	29.93
	35.75
	16.51
(49.55%)
	41.31
(38.02%)
	40.17
(12.36%)
	9.85
(-10.78%)
	28.88
(-3.51%)
	31.74
(-11.22%)
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=4
	5.58
	20.68
	24.72
	7.81
(39.96%)
	23.32
(12.77%)
	26.86
(8.66%)
	4.63
(-17.03%)
	14.94
(-27.76%)
	18.82
(-23.87%)
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=5
	3.27
	14.34
	18.83
	4.75

(45.26%)
	17.06
(18.97%)
	21.18
(12.48%)
	2.77
(-15.29%)
	10.34
(-27.89%)
	13.75
(-26.98%)

	3D-UMi
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=2
	13.73
	36.30
	38.20
	19.57
(42.53%)
	48.98
(34.93%)
	43.51
(13.90%)
	14.47
(5.39%)
	39.87
(9.83%)
	39.26
(2.77%)
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=4
	6.41
	22.01
	25.68
	10.71
(67.08%)
	29.30
(33.12%)
	32.56
(26.79%)
	7.63
(19.03%)
	23.17
(5.27%)
	26.99
(5.10%)

	
	
[image: image55.wmf]l

=5
	3.39
	14.71
	19.33
	7.61
(124.48%)
	23.81
(61.86%)
	27.43
(41.90%)
	5.48
(61.65%)
	17.40
(18.29%)
	21.22
(9.78%)

	3D-UMa-200m
	
[image: image56.wmf]l

=2
	14.76
	37.09
	38.46
	18.06
(22.36%)
	45.11
(21.62%)
	41.77
(8.61%)
	13.41
(-9.15%)
	31.20
(-15.88%)
	36.33
(-5.54%)
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=4
	5.41
	19.93
	23.69
	9.42
(74.12%)
	26.73
(34.12%)
	29.50
(24.53%)
	6.76
(24.95%)
	19.70
(-1.15%)
	22.88
(-3.42%)
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=5
	2.99
	13.07
	17.18
	6.52
(118.06%)
	20.29
(55.24%)
	23.80
(38.53%)
	4.43
(48.16%)
	13.91
(6.43%)
	16.71
(-2.74%)

	3D-UMi-3.5GHz
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=2
	12.06
	34.53
	37.48
	19.37
(60.61%)
	48.98
(41.85%)
	43.36
(15.69%)
	12.75
(5.72%)
	37.46
(8.49%)
	38.20
(1.92%)
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=4
	5.58
	20.31
	24.40
	10.23
(83.33%)
	29.30
(44.26%)
	32.48
(33.11%)
	7.52
(34.77%)
	23.18
(14.13%)
	26.83
(9.96%)
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=5
	3.19
	14.10
	18.57
	7.77
(143.57%)
	23.88
(69.36%)
	27.52
(48.20%)
	5.52
(73.04%)
	17.27
(22.48%)
	21.15
(13.89%)


Table 7: Performance of vertical sectorization with eight sectors, full buffer traffic
	Scenarios
	Phase I MIMO
	Vertical Sectorization
(Opt. 1)
	Vertical Sectorization

（Opt.2）

	
	Cell average SE (bps/Hz)
	Cell edge user SE (bps/Hz/user)
	Cell average SE (bps/Hz)
	Cell edge user SE (bps/Hz/user)
	Cell average SE (bps/Hz)
	Cell edge user SE (bps/Hz/user)

	3D-UMa
	3.45
	0.0709
	3.86
(11.81%)
	0.0841
(18.59%)
	3.54
(2.61%)
	0.0816
(15.09%)

	3D-UMi
	3.40
	0.0668
	4.74
(39.48%)
	0.1028
(53.92%)
	4.39
(29.12%)
	0.1091
(63.32%)

	3D-UMa-200m
	3.33
	0.0651
	4.42
(32.78%)
	0.1096
(68.41%)
	4.06
(21.92%)
	0.1030
(58.22%)

	3D-UMi-3.5GHz
	3.41
	0.0688
	4.72
(38.45%)
	0.1127
(63.85%)
	4.35
(27.57%)
	0.1086
(57.85%)


4. Conclusion 
In this contribution, vertical sectorization with 16-64TXRU is discussed and evaluated. By vertical sectorization, a cell is further divided into multiple sectors in vertical domain. A TXRU is fully connected to a column of antenna and the virtualization weight is designed to form a vertical beam targeting specific direction. By proper selection of the direction of the vertical sectors, significant gain could be achieved even with two vertical sectors in a cell:

· In 3D-UMa scenario, about 30% cell edge throughput gain could be achieved at low traffic load. When traffic load becomes high (including full buffer), the gain diminishes and even performance loss could be observed.

· In 3D-UMi scenario, over 34% cell edge gain could be observed at all FTP traffic load level.

· In 3D-UMi-3.5GHz scenario, vertical sectorization achieves over 40% cell edge gain at all FTP traffic load level.
· In 3D-UMa-200m scenario, vertical sectorization obtains over 39% cell edge gain under medium to high FTP traffic load.
More vertical sectors are able to provide further gain. Strict power splitting between vertical sectors leads to more than 10%, 20%, and 30% performance degradation for 2, 4, and 8 vertical sectors respectively.
Proposal:

· Virtual sectorization (Category 2) shall be further studied and evaluated in RAN1.
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6. Appendix
Table A1: Evaluation assumptions for baseline and vertical sectorization
	Parameter
	Value

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

	Scenario
	3D-UMa, 3D-UMi, 3D-UMa-200m, 3D-UMi-3.5GHz

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz, 3.5GHz

	UEs per cell
	10 for full buffer

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

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	Full buffer, FTP model 1

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

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

	PMI/CQI feedback periodicity
	10ms

	RI feedback periodicity
	120ms

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Wrapping  method
	Geographical distance based

	Handover margin
	3 dB
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