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1
Introduction
Several codebooks were proposed for 4Tx DL SU-MIMO precoding during the LTE MIMO Ad Hoc email discussion continued after 3GPP RAN1 #49 meeting. All the proposed codebooks satisfy the constant-modulus property for efficient PA utilization and use only QPSK and 8PSK constellations to lower complexity. Moreover, the proposed codebooks respect so-called a nested structure as much as possible to further minimize UE receiver complexity in the channel state feedback generation and to lower the effect of rank overriding at Node B.
 
In this contribution, we compare the performances of the codebooks in [1]-[4] through link level simulations. We evaluate all the precoding matrices for dual cross-polarized antenna configurations in this document. The performances in the linear array antenna configurations are evaluated in [5] through system level simulations.
The following precoding matrices are evaluated in the analysis:

1) TI: 16 Householder based matrices (codebook in [1]) – {16, 16, 16, 16} precoders for rank {1, 2, 3, 4}
2) SS-SP: 2 Hadamard based matrices, 1 DFT based matrix, and 4 Householder based matrices (codebook 1 in [2]) – {16, 16, 16, 7} precoders for rank {1, 2, 3, 4}

3) ZTE: 2 DFT based matrices and 3 HH based matrices (codebook in [3]) – {16, 16, 16, 15} precoders for rank {1, 2, 3, 4}

4) SS-DP: 4 Block DFT based matrices and 2 DFT based matrices (codebook 2 in [2]) – {16, 16, 16, 6} precoders for rank {1, 2, 3, 4}

5) ERIC-S: 2 Block DFT based matrices and 2 DFT based matrices (codebook for small pair separation in [4]) – {12, 16, 0, 0} precoders for rank {1, 2, 3, 4}

6) ERIC-L: 2 Block DFT based matrices and 2 DFT based matrices (codebook for large pair separation in [4]) – {12, 16, 16, 8} precoders for rank {1, 2, 3, 4}

Though the codebooks 1) - 3) are optimized for single polarization and 4) - 6) are optimized for dual polarization in principle, we evaluate all the codebooks here to see whether a single codebook is robust enough for both single polarization and dual polarization or dual codebooks tailored for each antenna configurations can significantly improve the precoding gain. 

In addition to full utilization of the codebook, RAN1 agreed upon the utilization of its subset through codebook restriction capability, which can minimize control overhead and complexity for precoding. A noticeable common feature of the codebooks 2) – 6) is that they have at least a 4x4 matrix whose all possible column subsets are included in the codebook. The matrix and its sub-matrices can form an efficient minimal codebook of size 15 (i.e., {4, 6, 4, 1} precoders for rank {1,2,3,4}) through codebook restriction mode, realizing virtual antenna subset selection based rank adaptation.   

2. Simulation Set-up

The channel models used for the analysis in this document are

· Two polarized antenna pairs with 
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 separation at Node B and a polarized antenna pair at UE – 4x2 SCM-B [6] (Case 3 in [7])
· Two polarized antenna pairs at Node B and UE with no spatial correlation between the cross-pole pairs and SCM-B [6] polarization matrix and delay profile (Variation of Case 4 in [7]) – 4x2

· Two polarized antenna pairs at Node B and UE with no spatial correlation between the cross-pole pairs and SCM-C [6] polarization matrix and delay profile (Case 4 in [7]) – 4x4
Other channel models such as uniform and non-uniform linear array with different antenna spacing will be investigated in the companion document [5].
	Slot duration
	0.5 ms

	Subframe duration
	1 ms

	Symbols / Subframe
	14

	FFT size
	512

	Tone spacing
	15 KHz

	Flat guard samples 

(Number of symbols)
	29 (4)

28 (3)

	Flat guard period 

(Number of symbols)
	3.78 µs (4)

3.65 µs (3)

	Window length 

(Number of samples)
	1.04 µs (8)

	Guard tones per symbol
	212

	Pilot Allocation
	See TS 36.211. [8]

	Data Allocation
	5RBs

	Sub-band size (CQI reporting unit)
	900 kHz (5 RBs)

	RB size
	180 kHz (12 tones)


Table 1
Evaluation Numerology
Table 1 describes the numerology and the resource allocation for the link throughput simulation. Transmitter, channel, and receiver configurations are as follows:

· 4x2 and 4x4 antenna configurations
· Fixed codeword to layer mapping 
· Rank 1: CW1 to 1st layer
· Rank 2: CW1 to 1st layer, CW2 to 2nd layer
· Rank 3: CW1 to 1st layer, CW2 to 2nd and 3rd layers
· Rank 4: CW1 to 1st and 2nd layers, CW2 to 3rd and 4th layers)
· CPICH structures in [8]
· CPICH and data have the same energy per tone per antenna for the full rank data transmission, and the total energy allocated to data tones is evenly divided and allocated only to the active (virtual) antennas for the lower rank transmission 
· Bandlimited white interference and noise

· 5MHz system BW and 3km/h mobility
· Channel estimator length – 1ms
· Feedback delay for CQI and preferred precoding (sub)matrix – 3 TTIs (or, 3ms)
· Generation of CQI and preferred precoding (sub)matrix – Modulation order constrained (up to 64QAM) capacity formula based effective SINR method averaging the MMSE output SINR of individual tones

· Number of parallel H-ARQ processes – 6

· Maximum number of retransmissions – 4 (including the first transmission)

· Adaptive H-ARQ BLER control – 10% BLER target after the first transmission 

· Signal detection – LMMSE
· Sub-band scheduling – 5 sub-bands are assumed in 5MHz system BW, each of which having 5 resource blocks (i.e., 900 kHz BW).
· Data transmission bandwidth and number of data symbols – 5 resource blocks, 11 OFDM symbols (4th – 14th symbols) per TTI 
Table 2 describes the MCS format table used for adaptive modulation and coding of each layer, which is composed of 32 entries (but the last 5 entries are reserved). Thus, we may allocate 5 bits for the CQI description of each codeword. In order to reduce the CQI feedback overhead, we allocated a 5-bit full CQI with 1dB granularity for the 1st codeword and a 3-bit differential CQI with 2dB granularity for the 2nd codeword.  
	Packet format index
	Spectral efficiency per antenna on the

 1st transmission

(bits/tone)
	Modulation order

	0
	0.259
	2

	1
	0.396
	2

	2
	0.487
	2

	3
	0.579
	2

	4
	0.703
	2

	5
	0.841
	2

	6
	0.969
	2

	7
	1.118
	2

	8
	1.278
	2

	9
	1.444
	4

	10
	1.754
	4

	11
	1.971
	4

	12
	2.204
	4

	13
	2.447
	6

	14
	2.683
	6

	15
	2.922
	6

	16
	3.296
	6

	17
	3.571
	6

	18
	3.828
	6

	19
	4.115
	6

	20
	4.399
	6

	21
	4.681
	6

	22
	4.961
	6

	23
	5.224
	6

	24
	5.461
	6

	25
	5.653
	6

	26
	5.801
	6

	27
	5.801
	6

	28
	5.801
	6

	29
	5.801
	6

	30
	5.801
	6

	31
	5.801
	6


Table 2
MCS Table

3. Simulation Results

Figures 1 compares the throughput performances among different codebooks in the 4x2 SCM-B spatially correlated dual cross-polarization antenna configurations [6] (case 3 in [7]). As we observe in the figures, the all codebooks except SS-SP show similar performances. SS-SP shows a little degradation in the SCM-B cross-polarization antenna configuration.
Figure 2 and Figure 3 repeat the same comparisons in the 4x2 and 4x4 spatially uncorrelated dual cross-polarization antenna configurations with SCM-B and SCM-C polarization matrix and delay profile [6] (case 4 in [7]). We see that all the codebooks show almost the same performance when there is no spatial correlation between two pairs of cross-polarization antennas.
Though the codebooks TI and ZTE are designed for single polarization antenna configuration, their performances are not worse than the codebooks SS-DP, ERIC-S, and ERIC-L customized for dual cross-polarization. 
[image: image2.emf]4x2 SCM-B, 3kph, 3ms delay, 5RBs, LMMSE, 5+3 CQI bits
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Figure 1
Throughput (kbps) vs. geometry (4x2, 3km/h, spatially correlated SCM-B, CQI reporting delay = 3ms, CQI reporting bandwidth unit = 5 RBs, scheduled bandwidth = 5 RBs)

[image: image3.emf]4x2 uncorrelated cross-pole pairs, 3kph, 3ms delay, 5RB, 

LMMSE, 5+3 CQI bits
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Figure 2
Throughput (kbps) vs. geometry (4x2, 3km/h, two cross-pole pairs with zero correlation between the cross-polarization pairs, SCM-B polarization matrix and delay profile, CQI reporting delay = 3ms, CQI reporting bandwidth unit = 5 RBs, scheduled bandwidth = 5 RBs)

[image: image4.emf]4x4 uncorrelated cross-pole pairs, 3kph, 3ms delay, 5RB, 

LMMSE, 5+3 CQI bits
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Figure 3
Throughput (kbps) vs. geometry (4x4, 3km/h, two cross-pole pairs with zero correlation between the cross-polarization pairs, SCM-C polarization matrix and delay profile, CQI reporting delay = 3ms, CQI reporting bandwidth unit = 5 RBs, scheduled bandwidth = 5 RBs)

4. Conclusions

In this contribution, we analyzed the throughput performances of several precoding matrices proposed for DL SU-MIMO in 4x2 and 4x4 dual cross-polarization antenna configurations.
The performance comparison results show that the codebooks TI, SS-DP, ERIC-S, ERIC-L, and ZTE provide almost the same performances in the correlated and uncorrelated cross-polarization antenna configurations. In [5], we also showed that all the codebooks show similar performances in the linear array antenna configurations.
Therefore, based on the link analyses as well as the system analyses in [5], we recommend only a single codebook regardless of antenna configurations. 
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� Note that the completely-nested structure requires all column subsets of each 4x4 matrix to be in the codebook, which can ultimately minimize UE receiver complexity. 
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