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Downlink MIMO configuration comparison between vertical encoding and horizontal encoding
Takaaki KISHIGAMI, Isamu YOSHII, Katsuhiko HIRAMATSU

 Matsushita Electric (Panasonic)

1. Introduction

In this contribution, we compare spectral efficiency between a vertical encoding (VE) configuration and a horizontal encoding (HE) configuration in a downlink single user MIMO taking amount of the feedback information and Downlink (DL) signaling overhead into account.
2. Downlink MIMO Configuration 
2.1 MIMO configuration

Figure 1 shows the example of a VE and a HE configuration. Both of them are adopted as option in the 16e specification [1], while the VE is mandatory in the reference system, or Mobile WiMAX. 

a)　 Vertical Encoding (VE) : 

 Transmitting a single FEC-encoded stream (codeword) over multiple antennas. The number of codeword is always 1. 
b)　 Horizontal Encoding (HE) :

Transmitting multiple separately codeword over multiple antennas. The number of codeword is more than 1.
In addition, matrix selection for precoding and rank adaptation can improve the both of VE and HE performance while increasing the feedback signaling [2].
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(a) Vertical Encoding (VE)
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(b) Horizontal Encoding (HE)

Figure 1 MIMO configuration for 2x2 MIMO
2.2 The feature of the HE configuration compared the VE configuration [3]
We analyze pros and cons of HE configurations.

Pros: 
i)
The HE can improve the spectral efficiency by adapting link adaptation parameters (like modulation, coding rate etc) for each codeword. 
ii)
H-ARQ control of each codeword is possible, since transmission data and its Cyclic Redundancy Check (CRC) are independently channel-coded for each stream in the HE configuration. 
iii)
The HE allows receiving spatial de-multiplexing with successive interference cancellation after FEC decoding.
iv)
The HE can avoid larger FEC block size which increase decoder complexity.

v)
The HE has commonality with MU-MIMO. Channel Quality Indicator (CQI) measurement in the HE could be reused for MU-MIMO because the CQI per codeword consider the interference from other layers, even though CQI reporting would be treated as single codeword per MS. 
Cons:
i)
In order to obtain above benefit through i) to v) ,the HE needs feedback bits for CQI and ACK/NACK and transport format signaling with respect to the number of codeword.
ii)
Spatial diversity effect and/or FEC gain would be reduced compared to the VE.
3. Performance comparison between the VE and the HE [3]
3.1 Simulation conditions

Table 1 shows the link level simulation conditions in case of 2x2 MIMO. A baseline configuration of the HE and VE, they have no adaptive control for transmitter antenna and an MMSE reception. As the advanced scheme, the VE introduces precoding and rank adaptation and the HE introduces an MMSE with SIC (successive interference cancellation), respectively. Table 2 describes the assumption of DL signaling overhead.
Table 1 Simulation conditions
	Transmission BW
	10MHz

	Sub-frame duration 
	0.5 ms

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	15.36 MHz

	FFT size
	1024

	Number of occupied sub-carriers
	601 (DC sub-carrier is null)

	Number of OFDM symbols per sub frame
	7

	Bandwidth of Resource Block(RB)
	375 kHz

	Channel coding
	Turbo code, R=1/3

	Modulation and coding rate scheme(MCS)
	[QPSK, R=1/8] [QPSK, R=1/4] [QPSK, R=1/3][QPSK, R=1/2]

[16QAM, R=1/2][16QAM, R=2/3]
[64QAM, R=2/3][64QAM, R=3/4]

	Channel environments
	Typical Urban (3km/h), using Kronecker model for spatial extension

	Antenna correlation 
	Transmit antenna: 0.5

Receive antenna: 0.0

	Channel estimation
	Ideal

	Adaptive control for transmitter antenna
	VE: [none], [precoding and rank adaptation]

HE: [none]

	MIMO detection method
	VE: [MMSE]

HE: [MMSE], [MMSE with SIC]

	FEC Decoder algorithm
	Max-Log-MAP with 8 iterations

	CQI reporting delay
	2 subframes without feedback error

	HARQ
	Non-blanking based IR with maximum 4 transmission 

(non-adaptive, synchronous in time and freq. domain: use same RBs with a period of 6 subframes)


Table 2  DL signaling overhead
	DL signaling overhead
	No. bits
	VE
	VE with precoding
and rank adaptation
	HE

	Resource Assignment
	40 bits
	6.2%
	6.2%
	6.2%

	Codebook related signaling
	15 bits
	2.3%
	2.3%
	4.6%

	Precoding related signaling
	2 bits
	-
	0.3%
	-

	Pilot
	-
	9.5%
	9.5%
	9.5%

	Total Overhead
	-
	18.0%
	18.3%
	20.3%


3.2 Simulation result
Figure 2 shows spectral efficiency vs geometry performances among two VE schemes and two HE scheme.
The spectral efficiency indicates achieved data rate normalized by bandwidth considering signaling overhead and the geometry is calculated from the power ratio of own cell signals to other cell signals and white noise.
In MMSE receiver, the HE and the VE have almost similar efficiency. The HE with SIC has around 2dB performance gain in high geometry region. This is mainly because the 2nd codeword can use modulation and coding rate for higher data rate compared to MMSE receiver.
While the VE with precoding and rank adaptation has around 1dB gain to compare MMSE receiver. Because precoding can achieve beamforming gain and rank adaptation can reduce inter-layer interferences in low geometry region.
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Figure 2. Simulation results at 2x2MIMO
4. MIMO configuration for 4x4 MIMO
4x4 MIMO can configure single codeword (VE), 2 codeword HE and 4 codeword HE. The signaling overhead of 4 codeword HE might cause significant performance loss comparing with 2 codeword HE or VE. This would imply that some restriction of the maximum number of codeword would be useful approach as shown in the figure 3.
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Figure 3. HE configuration for 4x4 MIMO

5. Conclusions

We analyze the pros & cons of VE and HE for DL single user MIMO and show the tradeoff between DL signaling overhead and the link adaptation gain. Based on the assumption of DL signaling, we show that the HE outperforms VE including the DL signaling overhead impact at 2x2 case.

For 4x4 MIMO case, DL signaling overhead impact could be much bigger than 2x2 case. In order to reduce the overhead, we introduce a restriction rule and recommend to use 2 FEC-encoders/codewords even for 4x4 case.
Hence, we propose to adopt the HE as the downlink single user MIMO configuration in TGm SDD[4].
6. Text Proposal
Insert the following text into SDD Section 11 – Physical Layer [4]
-------------------------------  Text Start  ---------------------------------------------------

11.x: Downlink single user MIMO
Downlink single user MIMO shall include horizontal encoding (HE) configuration.
-------------------------------  Text End  ---------------------------------------------------
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