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1. Introduction.

We proposed Multi-beam MIMO as an E-UTRA downlink MIMO scheme and introduced some initial simulation results at the RAN1#43 meeting in Seoul [1]. Multi-beam MIMO is a closed-loop MIMO scheme, which uses a simple combination of multi-beam multiple-data-stream transmission and UE-based adaptive beam selection. The scheme benefits from its simple uplink feedback signalling; because Multi-beam MIMO requires only a subset of the beam indexes to be fed back.

In this contribution, we compare the performance of Multi-beam MIMO and closed-loop MIMO which utilizes antenna selection and no beamforming at the transmitter. Simulation results show that Multi-beam MIMO has a superior performance due to its beamforming gain, even with limited feedback signalling.
2. Multi-beam MIMO structure.

Figure 1 illustrates the transmitter and receiver structure of the proposed Multi-beam MIMO. When comparing LTE MIMO schemes, Multi-beam MIMO should be classified along with other MIMO schemes with unitary pre-coding and rank adaptation [2]. We choose orthogonal beamforming weights as the unitary pre-coding matrix, so that orthogonal multi-beams cover the entire cell (sector).

In the previous contribution “one pilot is assigned to a single beam.” [1]; however we have now modified the signal processing for the pilot transmission as shown in figure 1 and now orthogonal pilots are applied to each antenna element and the pilots are not beamformed. If the pre-coding weights used at the transmitter are known by the receiver, the estimated channel from the orthogonal pilot can be easily　converted for each of the beams [3].
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Fig. 1 - Transmitter and receiver structure.

3. Feedback signalling.

In this section, we discuss required feedback bits for closed-loop MIMO schemes and demonstrate how we reduce the feedback signalling for Multi-beam MIMO.
In the closed-loop MIMO schemes proposed for the LTE MIMO, UEs need to report CQI per stream per sub-band [4][5]. In the last Helsinki meeting, it was agreed that the use of four TX/RX antennas should be considered for higher-order downlink MIMO [6]. In the case of 4 by 4 MIMO, a very high peak data rate can be obtained by the transmission of 4 data streams. However, CQI reporting bits to be fed back becomes four times as many as that for single data stream transmission. Assuming that 5 bits are used for CQI reporting per sub-band and 24 sub-bands are included in the 10MHz-wide transmission band, the maximum CQI reporting bit size amounts to 120 bits for single data stream and 480 bits for 4 data streams.

The amount of feedback signalling bits can be reduced if UEs decide the transmission rank and only feed back the CQI of the selected antennas. For example, when rank-2 is selected, the number of CQI reporting bit becomes totally 240 bits. Figure 2 illustrates how to assign the transport block to the resource blocks of each antenna. In OFDM transmission, the optimum antenna may be different for each sub-band due to a frequency selective fading. So, it is effective to select appropriate antenna per sub-band for the data transmission as shown by case 1 in Figure 2, to achieve a sufficient spatial diversity gain. In our proposed scheme, UE carry out the antenna selection and send the antenna subset indicator per sub-band to the Node B. If 4 bits are assigned to an antenna subset indicator, the total amount of feedback signalling bits is 336 bits, where 96 bits are used for the antenna subset indicators and the remaining 240 bits are used for the CQI reporting on 24 sub-bands. 
The amount of feedback signalling bits can be further reduced by employing case 2 shown in Figure 2. In case 2, one antenna is used for the transmission of one transport block and only one 4-bit antenna subset indicator is needed to be fed back. Spatial diversity gain may decrease especially in the uncorrelated fading channel. However, some beamforming gain can be still achieved if the beamforming is applied to the MIMO scheme. Therefore, Multi-beam MIMO scheme is effective even with limited feedback signalling.

In summary, Multi-beam MIMO with case 2 can enjoy beamforming gain. And with case 1, it can also enjoy spatial diversity gain at the cost of increased signalling overhead. It is worth noting that if a single codeword is applied, the total amount of CQI reporting is reduced to 120 bits irrespective of the transmission rank because the average CQI of selected antenna/beam for each sub-band could be reported.

Table 1 summarizes the feedback signalling for our proposed scheme.
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Fig. 2 - Transport block assignment to resource blocks.

Table 1 - Comparison of feedback signalling.

	Feedback
	Case 1
	Case 2

	
	Multiple CW (codeword)
	Single CW
	Multiple CW
	Single CW

	
	 Rank 1-4 *
	Rank 2
	Rank 1
	Rank 1-4**
	Rank 2
	Rank 1
	Rank 1-4**

	CQI
	480 bits
	240 bits
	120 bits
	120 bits
	240 bits
	120 bits
	120 bits

	Subset indicator
	​---
	96 bits
	96 bits
	96 bits
	4 bits
	4 bits
	4 bits

	Total
	480 bits
	336 bits
	216 bits
	216 bits
	244 bits
	124 bits
	124 bits


Assumptions: CQI (5bits), subset indicator (4bits), 24 sub-bands for 10MHz BW

* Node B decides the transmission rank.

** Average CQI is reported from UEs.

4. Simulation conditions.

We evaluated link-level throughput performance of Multi-beam MIMO under the simulation assumptions given in Table 2. The main advantage of Multi-beam MIMO scheme over other types of closed-loop MIMO schemes is its smaller amount of feedback signalling bits. For example, using the same number of bits as that of beams for the indication of the selected beams, also the rank adaptation can be designated.
As pre-coding matrix, we use a typical unitary pre-coding matrix as follows:
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The beam patterns formed are shown in Figure 3. The weight number (the suffixes of w: 1,2,3,4) and the number of selected weights express the selected beam and the rank adaptation (number of data streams), respectively. Codebooks that are to be applied to multiple unitary pre-coding matrices need to be studied in the future.
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Fig. 3 - Beam pattern (4 Tx antennas, d=10 and 4 )

wavelength   d: Tx antenna element separation
In the simulation, orthogonal pilots are inserted into post pre-coded data streams as shown in Figure 1. The correlation between Tx antenna elements at the Node B is calculated using some equations for the SCM [7] with parameters such as Tx antenna separation, angle spread and AoA (Angle of Arrival). The calculation of the Tx antenna correlation considers the simultaneous transmission of beamformed data and not-beamformed pilots. The simulation considers a movement of UE with an angle velocity of 13.6 deg/s and the beam selection control delay is set to 6TTI.
  Table 2 - Simulation assumptions.

	Parameter
	Assumption

	Access
	OFDM

	RF carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	Number of sub-carriers
	300

	FFT point
	512

	Sub-carrier spacing 
	15 kHz

	TTI length
	0.5 ms

	Number of OFDM symbols per TTI
	7 (pilot:1, data:5, pilot:1)

	Pilot
	TDM (Pilots are located in the first and last OFDM symbols of every TTI for 4 Tx transmission. Every fourth sub-carrier in the first and last OFDM symbols is used as “pilot” sub-carrier for each Tx antenna.)

Pilot sub-carrier indices are:

       Tx Ant#1: 0,4,8....296

       Tx Ant#2: 1,5,9....297

Tx Ant#3: 2,6,10....298

Tx Ant#4: 3,7,11....299

where 0,1,2,3,...299 are sub-carrier indices.

	Efficient Symbol Length
	66.67us

	CP length
	4.69 us

	Sampling rate
	7.68 MHz

	MCS
	QPSK   (R=1/3, 1/2, 2/3),

16QAM (R=1/3, 2/3, 3/4, 5/6, 8/9)

64QAM (R=2/3, 3/4, 8/9)

Antenna and sub-band common MCS

	AMC
	not applied

	Number of codeword
	1

	Channel coding
	Turbo (K=4, R=1/3)

	Channel model
	Kronecker model: [8]

6-path exponential(-2dB Decay), 30km/h(fD=55.56 Hz)

6 paths come from the same direction, with the same angle spread.

	Channel estimation
	7 sub-carrier averaging in the frequency domain, and

2 pilot (1st and last) symbol averaging in the time domain.

	MIMO signal detection
	QRM-MLD [9]

	Antenna configuration
	4 Tx,  2 Rx

	Tx antenna separation and angle spread:

[Tx antenna correlation]
	d= 10 AS=5°: [0.22<  TX<0.52]

d= 10 AS=2°: [0.62<  TX<0.86]

d= 10 AS=2°: [0.91<  TX<0.97]

	Rx antenna correlation
	0    (no correlation)

	AoD(Angle of Departure)
	Moving at 13.6[deg/s] from 0 to 60 degree.
(corresponding to r=35[m] and 30[km/h])

	Beam/Antenna selection
	Based on SIR measurement

	Beam/Antenna selection control delay
	6 TTI 

	Feedback reporting error
	0% (Error free)

	Number of UE in the cell
	1


5. Simulation Results.

Figure 4 shows link-level simulation results of Multi-beam MIMO, an Antenna Selection MIMO and a normal MIMO for three different combinations of Tx antenna separation and angular spread. 

The notes appearing in the graphs in Figure 4 are defined as follows: 

1x2(1) and 2x2(2) represent a normal SIMO (1 by 2) and MIMO (2 by 2) respectively.
SL4x2(1) means an operation of Antenna Selection MIMO where four Tx antennas are used for a UE, better one (not necessarily the best one) of the four antennas is adaptively selected by the UE every TTI based on SIR measurement at the UE, the antenna selection result is fed back to the Node B and used in the next scheduling time for the transmission of one single data stream for the UE, and the single data stream over one Tx antenna is received by two Rx antennas of the UE.

SL4x2(2) means an operation of Antenna Selection MIMO where four Tx antennas are used for a UE, better two of the four antennas are adaptively selected by the UE every TTI based on SIR measurement at the UE, the antenna selection result is fed back to the Node B and used in the next scheduling time for the transmission of two data streams for the UE, and the two data streams over two Tx antennas are received by two Rx antennas of the UE.

MB4x2(1) means an operation of Multi-beam MIMO where four beams formed by four Tx antennas are used for a UE, better one of the four beams is adaptively selected by the UE every TTI based on SIR measurement at the UE, the beam selection result is fed back to the Node B and used in the next scheduling time for the transmission of one single data stream for the UE, and the single data stream over one beam is received by two Rx antennas of the UE.

MB4x2(2) means an operation of Multi-beam MIMO where four beams formed by four Tx antennas are used for a UE, better two of the four beams are adaptively selected by the UE every TTI based on SIR measurement at the UE, the beam selection result is fed back to the Node B and used in the next scheduling time for the transmission of two data streams for the UE, and the  two data streams over two beams are received by two Rx antennas of the UE.

The number in the bracket of each note is the number of streams for rank adaptation.
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(a) d= 10 AS=5°(0.22<  TX<0.52)                          (b) d= 10 AS=2°(0.62<  TX<0.86)
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(c) d= 4 AS=2°(0.91<  TX<0.97) 

Fig. 4 - Throughput performance of Multi-beam MIMO, Antenna Selection MIMO and normal MIMO.

The graphs (a), (b) and (c) in Figure 4 show link-level data throughput characteristics of Multi-beam MIMO under the conditions of low Tx antenna correlation, mean Tx antenna correlation and relatively high Tx antenna correlation respectively.

As shown in graphs (b) and (c), under mean and relatively high Tx antenna correlation, Multi-beam MIMO outperforms Antenna Selection MIMO and Normal MIMO with respect to achieved data throughput. This is due to the beamforming gain obtained by applying the pre-coding (beamforming) to Multi-beam MIMO.

6. Conclusion.

In this contribution, we have studied the feedback necessary for closed-loop MIMO with rank adaptation, comparing the number of feedback bits required for the information on CQI reporting, beam selection and antenna selection in various scenarios. We compared the performance of our proposed Multi-beam MIMO with a closed-loop Antenna Selection MIMO. In the simulation for the comparison, the common beam or antenna selection (i.e. case 2 in Figure 2) was applied to both the MIMO schemes. Simulation results showed that Multi-beam MIMO has better performance than the closed-loop MIMO due to its beamforming gain.

Finally our views on LTE MIMO are summarized below.

· We support both single and multi code words; as a single code word can be used to reduce the amount of feedback signalling.

· We have no strong views on SDMA (MU-MIMO) at present; but may support SDMA (MU-MIMO), if feasible and shown to be effective.

· We support unitary pre-coding to achieve beamforming gain with limited feedback signalling.

· We support rank adaptation to achieve sufficient beamforming gain especially in lower SINR regions.

· We support single stream open-loop transmit diversity (e.g. STBC-based schemes) for both data and control channels.

· As reducing feedback signalling load is important, we support MIMO techniques which can operate with a low signalling overhead.

· We have no strong views on the use and operation of MIMO for broadcast traffic.
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