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1 Introduction
MU-MIMO with non-codebook based precoding and DM-RS is a key feature of LTE-Advanced to improve system capacity as observed during the self-evaluations for ITU submissions. It enables the use of more advanced transmit filtering at the eNB and more advanced feedback mechanisms at the UE side. It significantly departs from the Rel. 8 codebook based precoding approach using CRS. While the exact eNB transmit filter design may be an implementation issue, an appropriate feedback mechanism has to be specified in order to fully benefit from the use of non-codebook based precoding.

The following was observed in the chairman’s notes of Jeju (#59) meeting: 

“Techniques based on Rel-8 CQI/PMI feedback extension to focus on and try to narrow down:

· PMI extensions:

· Multiple PMIs, e.g. addition of best companion, worst companion

· Feedback to accompany PMI e.g. long-term tx covariance

· Codebook enhancements:

· Adaptive / downloadable, based on e.g. antenna configuration, propagation environment

· differential codebook structures

· SRS-based enhancements

· CQI: modified CQI definitions (as addition to Rel-8 definition)

“.
In Valencia (#59bis) meeting, it was concluded that “for feedback enhancements in support of enhanced downlink multi-antenna transmission:
· SU-MIMO is supported

· Release 8 type of feedback will be extended for 8 Tx antenna configurations
· CQI/RI are computed assuming that the reported codebook entry is interpreted as a recommended precoder by the eNB 

· Use of other types of feedback are not precluded

· Improved accuracy of spatial feedback should be supported if sufficient performance gains in realistic scenarios are demonstrated for at least MU-MIMO.

· Enhanced MU-MIMO is supported
· The enhancements are in relation to feedback
· At least the feedback specified for SU-MIMO can also be applied for MU-MIMO operation”
In chairman’s notes of Valencia (#60) meeting, it was proposed as the way forward to “converge on a method(s) to reduce impact of quantisation error in PMI-based feedback.”

In San Francisco (#60) meeting, some feedback framework relying on implicit feedback [1] was agreed for LTE-A. A precoder for a subband is composed of two matrices belonging to separate codebooks (that may or may not change over time and/or different subbands). One matrix targets wideband and/or long-term channel properties while the other matrix targets frequency-selective and/or short-term channel properties.
In this contribution, we provide more details on the differential codebook construction. Time-domain differential and frequency-domain differential codebooks are evaluated and pros and cons of those two approaches are discussed
2 Proposed differential codebook structure
The differential codebooks [2-9] exploit the time/frequency correlation of the channel to enable successive refinement of the quantization. It relies on the fact that CL MIMO/CoMP typically works at low speed, where time correlation between two feedback instants is large. This enables refinements of the channel estimates at the transmitter as time goes by. The same approach can also be used in the frequency domain and is sometimes preferred in order to avoid possible error propagation.

The proposed differential feedback procedure e.g. in the time domain can be described as follows
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some function that takes matrix A and B as inputs. The UE selects the best codeword 
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or maximize the throughput of the transmission.  The UE feeds back the index of the preferred codeword
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· At time Tmax+1, the process is reset and 
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 is fixed to 0 again.

Hence the eNB and the UE have knowledge of two codebooks: the codebook used at time 
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Two approaches can be considered to design 
[image: image19.wmf](

)

,

Ω

AB

 [2]: 
1. Rotation-based differential codebook: the function  
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. The differential codebook made of codewords 
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is predefined for all ranks as the rotation is applied to left side of the channel state information 
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2. Transformation-based differential codebook: 
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 is a unitary nt x nt rotation matrix computed from the previously updated short-term channel information 
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; nt is the number of transmit antennas. The dimension of the codeword 
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 in the differential codebook is nt x r, where r is the rank indicator.
From the observations in [8], the time domain differential codebook

· assume some UE mobility at the time of codebook design while MDC [2-3] assumes some UE mobility when combining multiple report at the eNB.
· quantize and feedback only the variation in the channel while MDC combines different observations of the channel. This implies that
· Successive refinements are guaranteed with differential codebooks if codebook is well designed while there is no guarantee to observe successive refinements with MDC.
· Differential codebooks enable to take into account the successive refinement in the CQI feedback while MDC relies on a CQI feedback that doesn’t include any potential gain of the combiner. 
· feedbacks are not self-contained in order to guarantee some successive refinement and performance improvements. MDC is self-contained with the potential drawbacks of not providing enough refinement.
· is prone to error propagation similarly to MDC and both approaches may rely on energy detection to minimize the effects of error propagation. 
The proposed differential codebook was shown in [8] to provide gain in both correlated and uncorrelated channels. Gains of about 15% in cell edge and cell average are observed in MU-MIMO and 10% at the cell edge in SU-MIMO. Those evaluations were performed assuming time domain differential codebooks. However it can also be operated in the frequency domain where a subband differential feedback is provided with respect to the wideband PMI as proposed in [9]. Relying on the explanations provided for the time domain differential codebook, the frequency domain would be operated as 
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the recommended precoder on each subband s. 
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 is the differential PMI w.r.t. to the wideband PMI and is reported for each subband s.
Since the wideband PMI is stable in time, the feedback periodicity of the wideband PMI and the subband differential PMI could be different, the subband differential PMI being reported more often than the wideband PMI. The main advantage of the frequency domain differential codebook is that is not prone to error propagation.
In the next sections, we detail the differential codebook construction method with a special emphasis on the transformation-based differential codebooks. We analyze the potential performance benefits of operating the differential codebook in the frequency domain compared to the time domain.
3 Detailed design of the Transformation-based differential codebook
The following approach targets the transformation-based differential codebook. The design is rank dependent. The operation is provided here for rank 1 (r=1).
We assume a given time instant 
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 in the general differential feedback procedure sketched in section 2. In the transformation-based differential codebook approach, 
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 is a codeword inn the differential codebook in the differential codebook with a dimension given by nt x r, where r is the rank indicator. 
Such differential codebook is designed in the sequel to provide progressive refinement in spatially uncorrelated and correlated channels. Some codewords 
[image: image40.wmf]Θ

 in the differential codebook are uniformly distributed on the circumference of a polar cap whose radius is designed to provide reasonable performance in various mobile scenarios. Those codewords are beneficial to track the channel when the spatial correlation is rather low. Some other codewords 
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 are distributed within the polar cap to provide additional refinement when the channel is spatially correlated. Hence the differential codebook is designed to cope with various propagation conditions. The polar cap is roughly illustrated in Figure 1. The whole
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Figure 1. Illustration of the polar cap of the transformation-based differential codebook
The matrix 
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is designed such that the properties of the differential codebook are not broken after projection on the Grassmanian manifold, i.e. the outputs of
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 respectively. Superscript H refers to the conjugate transpose of a vector or matrix.

For one layer transmission (r=1), the procedure to derive 
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 element of x. If the entries of the unit-vector x have the same magnitude, then 
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 is unitary. Otherwise, we can apply Gram-schmidt orthogonalization to 
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where diag(x) operator builds up a diagonal matrix whose diagonal entries are given by vector x. 

Fixing the basis of the differential codebook as 
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If the entries of the unit-vector 
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For more general 
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First, Gram-Schmidt orthogonalization is applied on 
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c

 as 


[image: image79.wmf]22121

H

tt

--

éù

=-

ëû

mcFcF

.

Normalization follows the orthogonalization as 
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The rotation matrix 
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The short-term channel information at time 
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The feedback codeword 
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 is selected from a differential codebook. Table 1 provides the 4-bit differential codebook for 4Tx and one layer. 

Table 1. 4-bit differential codebook for 4Tx rank 1.
	Index
	Codeword
	Index
	Codeword

	1
	[0.5000    0.4619 - 0.1913i   0.3536 - 0.3536i  0.1913 - 0.4619i]T
	9
	[0.6751 + 0.0001i  0.2514 - 0.0694i       0.3800 + 0.0105i  0.5729 + 0.0588i]T

	2
	[0.5000           0.4904 - 0.0975i 0.4619 - 0.1913i  0.4157 - 0.2778i]T
	10
	[0.6323 + 0.0705i  0.5466 - 0.0828i       0.4230 + 0.1359i  0.2776 - 0.1235i]T

	3
	[0.5000  0.5000   0.5000  0.5000]T
	11
	[0.3491 + 0.1889i  0.4217 - 0.1870i        0.5240 + 0.0806i  0.5846 - 0.0825i]T

	4
	[0.5000           0.4904 + 0.0975i 0.4619 + 0.1913i  0.4157 + 0.2778i]T
	12
	[0.4088 - 0.2058i  0.4407 - 0.0781i         0.5694 + 0.2246i  0.4605 + 0.0593i]T

	5
	[0.5000         0.4619 + 0.1913i  0.3536 + 0.3536i  0.1913 + 0.4619i]T
	13
	[0.2649 + 0.0123i  0.6814 + 0.0732i        0.5641 - 0.0113i  0.3690 - 0.0742i]T

	6
	[0.5182 + 0.2035i  0.4946 + 0.0989i  0.3682 - 0.2059i  0.4984 - 0.0965i]T
	14
	[0.5078 + 0.0366i  0.2973 + 0.0731i       0.7158 - 0.0466i  0.3584 - 0.0631i]T

	7
	[0.4456 - 0.0396i  0.6368 - 0.0764i  0.2196 + 0.0481i  0.5773 + 0.0679i]T
	15
	[0.3211 - 0.0820i  0.3909 + 0.0864i        0.5110 - 0.1399i  0.6564 + 0.1355i]T

	8
	[0.5794 - 0.1936i  0.4956 + 0.2377i 0.3949 - 0.0149i  0.4096 - 0.0293i]T
	16
	[0.4993 + 0.0648i  0.5261 - 0.1446i       0.5116 - 0.1426i  0.3424 + 0.2225i]T


4 Design of the Rotation-based differential codebook
In this second approach, 
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 is a nt x nt unitary rotation matrix irrespective of the rank. The differential codebook made of codewords 
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 can be constructed by finding a set of equally spaced rotation matrices with a polar cap. Contrary to the transformation-based differential codebook where the codewords are designed to be uniformly distributed within a polar cap on the Grassmanian manifold, in the rotation-based approach, the codewords are optimized to be uniformly distributed within a polar cap on the Riemannian manifold [10]. Unfortunately, uniform distributed on the Riemannian manifold doesn’t guarantee any uniform distribution on the Grassmanian manifold.
A simple example of rotation-based differential codebook was provided in [9]. Such codebook was designed with spatially correlated channels in mind. Another example more appropriate for spatially uncorrelated channels is given by

[image: image97.wmf]1

Θ

 =
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   0.9458 + 0.1964i   0.0206 - 0.0913i  -0.2010 - 0.0858i   0.0168 - 0.1001i

   0.0553 - 0.1154i   0.9501 - 0.0706i   0.2576 - 0.0507i   0.0096 + 0.0838i

   0.1939 - 0.0664i  -0.2757 + 0.0127i   0.9144 - 0.1960i   0.0824 - 0.0210i

  -0.0138 - 0.0911i   0.0190 + 0.0841i  -0.0794 + 0.0494i   0.9825 - 0.1000i
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   0.9548 + 0.1582i  -0.1024 - 0.1342i   0.0840 + 0.1483i  -0.0515 - 0.0566i

   0.1186 - 0.1565i   0.9391 - 0.0538i  -0.0762 + 0.1081i   0.2372 - 0.0540i

  -0.0736 + 0.1268i   0.0693 + 0.0481i   0.9503 + 0.0250i   0.1911 + 0.1764i

   0.0085 - 0.0574i  -0.2819 - 0.0105i  -0.1441 + 0.1701i   0.9266 - 0.0934i
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   0.9401 + 0.1598i  -0.2353 + 0.0952i  -0.1021 + 0.0985i   0.0101 - 0.0771i

   0.2079 + 0.1076i   0.9192 - 0.1702i  -0.0131 + 0.0593i  -0.1800 - 0.1878i

   0.1013 + 0.1000i   0.0140 + 0.0174i   0.9718 - 0.1296i   0.1336 - 0.0147i

   0.0553 - 0.1119i   0.1563 - 0.1919i  -0.1208 + 0.0194i   0.9523 + 0.0376i
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   0.9566 - 0.0183i   0.0577 - 0.0173i  -0.1634 + 0.0562i  -0.1846 + 0.1308i

  -0.0559 - 0.0081i   0.9355 - 0.3304i  -0.0042 + 0.0524i  -0.0149 - 0.0978i

   0.2160 + 0.0598i   0.0029 + 0.0295i   0.9242 + 0.1339i   0.1948 - 0.1972i

   0.1449 + 0.1011i   0.0156 - 0.1048i  -0.1631 - 0.2622i   0.9182 + 0.1383i
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   0.9201 + 0.0719i  -0.0359 + 0.1568i   0.2672 - 0.0209i  -0.2168 - 0.0599i

  -0.0134 + 0.1918i   0.9381 - 0.0418i   0.2007 - 0.1776i   0.0929 - 0.0270i

  -0.2718 - 0.0429i  -0.2227 - 0.1586i   0.8879 - 0.2018i  -0.1050 - 0.0966i

   0.1882 - 0.0138i  -0.1323 + 0.0043i   0.1255 - 0.1068i   0.9518 + 0.1175i
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   0.8972 - 0.3030i  -0.2504 - 0.0586i  -0.1497 + 0.0157i   0.1073 + 0.0543i

   0.2446 - 0.0662i   0.9065 + 0.3021i   0.0637 - 0.0438i   0.1061 + 0.0751i

   0.1438 + 0.0089i  -0.0587 - 0.0720i   0.9463 + 0.2156i   0.0198 - 0.1678i

  -0.1071 + 0.0827i  -0.1036 + 0.0391i   0.0336 - 0.1679i   0.9694 + 0.0202i
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   0.9064 - 0.2375i   0.1330 - 0.2260i  -0.1066 - 0.0118i  -0.1965 + 0.0556i

  -0.1651 - 0.2268i   0.9496 + 0.0983i   0.0671 - 0.0168i  -0.0133 - 0.0703i

   0.0871 + 0.0132i  -0.0373 - 0.0406i   0.9738 + 0.1405i  -0.0995 + 0.1062i

   0.1864 + 0.0270i   0.0629 - 0.1134i   0.0617 + 0.1090i   0.9653 + 0.0166i
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   0.9924 + 0.0369i  -0.0064 + 0.0377i  -0.0003 + 0.1063i   0.0255 + 0.0206i

   0.0293 + 0.0404i   0.9674 + 0.0094i   0.0077 - 0.2405i   0.0558 - 0.0242i

  -0.0084 + 0.0956i   0.0347 - 0.2420i   0.9431 + 0.1406i  -0.1041 + 0.1052i

  -0.0394 + 0.0241i  -0.0234 - 0.0484i   0.0700 + 0.1295i   0.9855 + 0.0466i
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   0.9434 + 0.0321i  -0.0524 - 0.0921i   0.1122 + 0.1597i  -0.2209 + 0.1037i

   0.0891 - 0.0504i   0.9573 - 0.0253i  -0.0055 + 0.0607i   0.2434 + 0.0978i

  -0.1064 + 0.1614i   0.0295 + 0.0571i   0.9782 - 0.0333i   0.0012 - 0.0210i

   0.1883 + 0.1600i  -0.2553 + 0.0493i   0.0005 + 0.0120i   0.9271 + 0.1081i
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Θ

 =

   0.9724 + 0.0436i  -0.0423 + 0.0413i   0.0326 - 0.0292i  -0.1707 - 0.1340i

   0.0661 + 0.0921i   0.9569 + 0.0902i  -0.0966 - 0.0559i  -0.0016 + 0.2257i

   0.0253 - 0.0167i   0.0511 - 0.0135i   0.9611 - 0.0872i   0.1813 + 0.1793i

   0.1596 - 0.1152i  -0.0208 + 0.2637i  -0.1520 + 0.1769i   0.9143 - 0.0316i
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Θ

 =

   0.9492 + 0.0182i   0.0142 - 0.0212i   0.1551 - 0.2117i  -0.0001 + 0.1707i

  -0.0167 - 0.0625i   0.9719 - 0.0979i   0.1554 + 0.1151i   0.0643 + 0.0085i

  -0.1702 - 0.1851i  -0.1664 + 0.1084i   0.9035 + 0.0532i   0.1458 + 0.2386i

   0.0644 + 0.1646i  -0.0614 - 0.0437i  -0.1373 + 0.2362i   0.9416 + 0.0422i
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Θ

 =

   0.9447 + 0.1012i  -0.2465 + 0.0950i  -0.0260 + 0.0307i  -0.1341 + 0.0886i

   0.2290 + 0.1183i   0.9205 - 0.1061i   0.2256 + 0.0693i  -0.0008 + 0.1390i

  -0.0620 - 0.0018i  -0.2253 + 0.0261i   0.9455 + 0.1655i  -0.1527 - 0.0021i

   0.1276 + 0.1033i  -0.0261 + 0.1397i   0.1445 + 0.0207i   0.9300 - 0.2582i
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Θ

 =

   0.9176 - 0.2298i  -0.1133 + 0.1737i  -0.0163 + 0.2101i   0.0991 - 0.0894i

   0.1187 + 0.1484i   0.9128 - 0.1253i   0.1170 + 0.2986i  -0.0062 + 0.1099i

   0.0191 + 0.2108i  -0.1391 + 0.2755i   0.9107 + 0.0247i  -0.1235 + 0.1210i

  -0.1482 - 0.0482i  -0.0271 + 0.1098i   0.0762 + 0.1300i   0.9498 + 0.1949i
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Θ

 =

   0.9550 + 0.1665i  -0.0740 - 0.0516i  -0.0201 + 0.2007i   0.0651 - 0.0843i

   0.0267 - 0.0147i   0.8964 + 0.3294i   0.0483 + 0.2503i   0.1476 - 0.0173i

   0.0303 + 0.2155i  -0.0753 + 0.2450i   0.9034 - 0.2476i   0.0399 - 0.0891i

  -0.0609 - 0.0904i  -0.1153 - 0.0298i  -0.0741 - 0.1067i   0.9442 - 0.2559i
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Θ

 =

   0.9233 - 0.0334i  -0.1047 - 0.1296i   0.2562 - 0.0511i   0.1185 - 0.1905i

   0.0550 - 0.1409i   0.9601 - 0.1892i   0.0883 - 0.1007i   0.0028 + 0.0403i

  -0.2390 - 0.1106i  -0.0831 - 0.0593i   0.9269 + 0.2085i  -0.0092 + 0.1320i

  -0.1024 - 0.2088i   0.0000 + 0.0653i  -0.0568 + 0.0888i   0.9646 - 0.0047i

5 Performance evaluation of time domain and frequency domain differential codebooks
Simulations assumptions are detailed in table 1. We perform ZFBF-based MU-MIMO based on implicit feedback using LTE rank 1 CQI calculation. Performance is in correlated channels (0.5 lambda spacing and 8 degrees angle spread) and uncorrelated channels (4 lambda spacing and 15 degrees angle spread) with various feedback strategies (perfect CSI, adaptive codebooks [7], Rel. 8 4bit codebook, differential codebook). The UE feeds back a single rank-1 PMI chosen from e.g. LTE codebook. In the case of perfect CSI feedback, this PMI is not quantized by LTE codebook but corresponds to the dominant eigenvector of the subband covariance matrix.
For the frequency domain differential, we assume in the following simulations that the wideband PMI and the subband differential PMI are reported together every 5ms. A more practical scenarios would be to feedback the wideband PMI every e.g. 20 ms and the subband differential codebook every 5ms. Note that the frequency domain differential codebook has a slight higher overhead than time domain differential codebooks given that he has to feedback the wideband PMI. The same differential codebook is used for both time and frequency domain operations.
Correlated channels (ULA 0.5λ antenna spacing, 8º angle spread)
	ZFBF MU-MIMO with MAX 4 LAYERS
	Average cell spectral efficiency (bits/s/Hz)
	5% cell edge spectral efficiency (bits/s/Hz)

	Perfect CSI with LTE CQI
	3.9996 (26.6%)
	0.1119 (9%)

	LTE codebook with LTE CQI
	3.1606
	0.1026

	6-bit codebook with LTE CQI
	3.5825 (13.3%)
	0.1034 (0.8%)

	Adaptive codebook with LTE CQI

(feedback every 480 ms)
	3.8327 (21.3%)
	0.1111 (8.3%)

	Time domain transformation-based differential codebook with LTE CQI
	3.4812 (10.1%)
	0.1029 (0.3%)

	Frequency domain transformation-based differential codebook with LTE CQI
	3.7506 (18.66%)
	0.1065 (3.8%)


* between brackets we indicate the relative gain w.r.t to LTE codebook with LTE CQI
Uncorrelated channels (ULA 4λ antenna spacing, 15º angle spread)
	ZFBF MU-MIMO with MAX 4 LAYERS
	Average cell spectral efficiency (bits/s/Hz)
	5% cell edge spectral efficiency (bits/s/Hz)

	Perfect CSI with LTE CQI
	2.6552 (45.6%)
	0.081 (22.8%)

	LTE codebook with LTE CQI
	1.8239
	0.066

	Adaptive codebook with LTE CQI (feedback every 480 ms)
	1.8614 (2.1%)
	0.0671 (1.7%)

	Adaptive codebook with LTE CQI (feedback every 60 ms)
	2.0358 (11.62%)
	0.0756 (14.55%)

	Time domain transformation-based differential codebook with LTE CQI
	2.1162 (16%)
	0.0749 (13.5%)

	Frequency domain transformation-based differential codebook with LTE CQI
	1.9991 (9.61%)
	0.0668 (1.21%)

	Time domain rotation-based differential codebook with LTE CQI
	2.0372 (11.69%)
	0.072 (9.09%)

	Frequency domain rotation-based differential codebook with LTE CQI
	1.9729 (8.17%)
	0.0698 (5.76%)


* between brackets we indicate the relative gain w.r.t to LTE codebook with LTE CQI
Based on those evaluations, we can conclude that
· Both the time domain and frequency domain differential codebooks provide significant gains over LTE codebook
· The time domain and frequency domain differential codebooks provide respectively 10% and 18% gains (in terms of cell average spectral efficiency) over LTE codebook in correlated channels.

· The time domain and frequency domain differential codebooks provide respectively 16% and 9% gains in terms of cell average spectral efficiency and 13% and 1% gains in terms of cell edge spectral efficiency over LTE codebook in uncorrelated channels.

· In spatially correlated channels, 
· the frequency domain differential codebook outperforms the time domain differential codebook.
· the adaptive codebook outperforms the time domain and frequency domain differential codebooks

· In spatially uncorrelated channels, 
· the time domain differential codebook outperforms the frequency domain differential codebook

· the time domain differential codebook outperforms the adaptive codebook

· The transformation-based differential codebook outperforms the rotation-based differential codebook
6 Conclusions
This contribution compares the performance of time domain and frequency domain differential codebooks. Through performance evaluation, it is concluded that
· Both the time domain and frequency domain differential codebooks provide significant gains over LTE codebook

· In spatially correlated channels, 

· the frequency domain differential codebook outperforms the time domain differential codebook

· the adaptive codebook outperforms the time domain and frequency domain differential codebooks

· In spatially uncorrelated channels, 

· the time domain differential codebook outperforms the frequency domain differential codebook

· the time domain differential codebook outperforms the adaptive codebook

· The transformation-based differential codebook outperforms the rotation-based differential codebook
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8 Appendix: Simulation assumptions
	Parameter
	Value

	General
	Parameters and assumptions not explicitly stated here according to 3GPP specifications

	Duplex method
	FDD

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Users per sector
	10

	Handover margin
	1dB

	Downlink transmission scheme
	4x2 MU-MIMO ZFBF with rank adaptation with 1 layer per UE

	Downlink scheduler
	Proportional Fair scheduling in the frequency and time domain

	Downlink link adaptation

	CQI and PMI 5ms feedback period

	
	1 PMI and 1 CQI feedback per subband (=4 consecutive RBs)

	
	6ms delay total (measurement in subframe n is used in subframe n+6)

	
	CQI measurement error: None

	
	PMI feedback error: 0% 

	
	MCSs based on LTE transport formats [36.213]

	
	Unquantized CQI

	codebook

　
	Rel. 8 4 bit

	
	Adaptive codebook applied to rank-1 Rel. 8 codebook (unquantized feedback of long term correlation matrix every 60, 480 ms)

	
	4-bit differential codebook

	Allocation
	localized

	Total number of RB in one subframe
	52

	scheduling unit
	1 subband=4 consecutive RBs

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, synchronous.

	
	no error on ACK/NACK

	
	8 ms delay between re-transmissions

	Downlink receiver type
	MMSE based on DM RS of serving cell and DM-RS of the 8 dominant interferers

	Data Channel Estimation
	Perfect channel estimation on CSI RS and DM RS

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	Vertically polarized antennas

	
	0.5 wavelength separation at UE

	
	Correlated channel: 0.5 wavelength separation  at basestation (uniform linear array)

Uncorrelated channel: 4 wavelength separation  at basestation (uniform linear array)

	
	ideal antenna calibration

	Control Channel overhead, Acknowledgements etc.
	LTE: L=3 symbols for DL CCHs

	
	Overhead of DM RS: RANK 1,2: 12 REs/RB/subframe, RANK 3,4: 24 REs/RB/subframe

	
	Overhead of CSI RS: 4 sets of CSI RS every 5 ms and 2RE/port/RB (This is, 4 Tx antenna case, 8 REs/RB per 5ms)

	
	Overhead of 2-ports CRS

	BS antenna downtilt
	Case 1 3GPP 3D: 15 deg

	Feeder loss
	0dB

	Channel model
	SCM urban macro high spread for 3GPP case 1, 3km/h

	
	Correlated channel: 8 degrees angle spread

Uncorrelated channel: 15 degrees angle spread

	Link error prediction technique
	MIESM (RBIR)

	Intercell interference modeling
	rank 4 transmission in interfering cells for MU-MIMO

	
	CQI calculated based on MMSE receiver assuming identity covariance matrix for the interferers


Table 1. System Level Simulation assumptions
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