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1 Introduction
In the last RAN WG1#47bis meeting, it was decided to focus on multi-user MIMO for uplink [1]. In this paper, we propose and analyze a hybrid ARQ chase combining encoding scheme that can improve uplink multi-user MIMO performance. 

2 Uplink MIMO
In the uplink multi-user MIMO can be realized even when the UEs are equipped with a single RF chain (single PA) and a single Tx antenna. In this case, simultaneous transmission from two UEs is performed with each UE transmitting a single MIMO layer as shown in Figure 1.
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Figure 1: Multi-user MIMO system
3 Hybrid ARQ Encoding

The hybrid ARQ operation in the LTE system is based on either incremental redundancy (IR) or Chase Combining (CC). In case of Chase Combining, the same coded sequence is repeated at hybrid ARQ retransmissions. In case of CC Hybrid ARQ, multiple users transmitting simultaneously using the same time-frequency resource in multi-user MIMO can spread hybrid ARQ transmissions using orthogonal functions such as Fourier function or Hadamard function. This would allow eliminating inter-user interference when hybrid ARQ retransmissions happen in a Chase combining fashion at low to medium speeds [2]. 
We assume a Fourier-based spreading in this paper. A Fourier matrix is a NxN square matrix with entries given by:
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A 2x2 Fourier matrix can be expressed as:
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Multiple Fourier matrices can be defined by introducing a shift parameter (g/G) in the Fourier matrix as given by:
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A set of four 2x2 Fourier matrices can be defined by taking G=4. These four 2x2 matrices with g=0, 1, 2 and 3 are written as:
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Let us assume that Fourier matrix 
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is used for transmission from two UEs in the uplink using multi-user MIMO. We assume that UE-1 uses first column of 
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to pre-code its first transmission and repetition while UE-2 uses second column of 
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. Let T11 and T12 denote first and second transmitted symbols from UE-1 in subframe#1 and subframe#5 respectively while T21 and T22 denote first and second transmitted symbols from UE-2 in subframe#1 and subframe#5 respectively as shown in Figure 2. The transmitted symbols T11, T12, T21 and T22 are given as:
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Figure 2: Hybrid ARQ encoding for multi-user MIMO in the uplink
Let h11 and h12 denote channel between UE-1 and the eNodeB in subframe#1 and subframe#5 respectively while h21 and h22 denote channel between UE-2 and the eNodeB in subframe#1 and subframe#5 respectively. The received symbols r1 and r2 in subframe#1 and subframe#5 can be written as:
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The effective channel between the two UEs and the eNodeB including the effect of Fourier spreading can be written as:
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The symbols for UE-1 and UE-2 are estimated as below:
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Where HH denote the Hermitian transpose of H.


[image: image15.wmf]

[image: image16.wmf]ú

û

ù

ê

ë

é

×

×

-

+

×

×

-

×

+

×

+

×

×

×

+

×

×

-

×

+

×

+

×

×

+

=

ú

û

ù

ê

ë

é

ú

û

ù

ê

ë

é

+

×

×

-

×

×

+

×

+

´

ú

û

ù

ê

ë

é

×

-

×

=

ú

û

ù

ê

ë

é

-

-

-

-

1

4

*

22

2

2

22

1

12

*

22

1

*

21

2

2

21

1

11

*

21

1

4

*

12

2

22

*

12

1

2

12

1

*

11

2

21

*

11

1

2

11

2

1

2

2

4

22

1

4

12

1

2

21

1

11

4

*

22

*

21

4

*

12

*

11

2

1

ˆ

ˆ

ˆ

ˆ

n

e

h

S

h

S

h

h

n

h

S

h

S

h

h

n

e

h

S

h

h

S

h

n

h

S

h

h

S

h

S

S

n

S

e

h

S

e

h

n

S

h

S

h

e

h

h

e

h

h

S

S

j

j

j

j

j

j

p

p

p

p

p

p


We assume that the channels for the two users do not change across repeated transmissions, that is 
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. This is generally the case at low UE speeds. The above expression can then be simplified as:
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It can be seen that each user completely removes interference from the other user.

In case there are more than two UEs transmitting using the same time-frequency resource, multiple Fourier matrices can be shared between UEs. In the example of Figure 3, two 2x2 Fourier matrices 
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 and 
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 are used to spread repeated symbols from four UEs. In this example, UE-1 and UE-2 use 
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 while UE-3 and UE-4 use
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.  In this case, after hybrid ARQ retransmission, UE-1 and UE-2 eliminate interference from each other and UE-3 and UE-4 eliminate interference from each other. However, UE-1 and UE-2 still see interference from UE-3 and UE-4 and vice versa.
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Figure 3: Repeated symbols from four UEs using two 2x2 matrices

In Figure 4, we show 6 UEs with two UEs in each of the three cells using a different 2x2 Fourier Matrix. The matrices
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 and 
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shown below are used in cell-A, cell-B and cell-C respectively. In this example, UE-1 and UE-2 share
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 , UE-3 and UE-4 share
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and UE-5 and UE-6 share
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We note that after hybrid ARQ retransmission, UEs in each cell eliminate interference from the other UE (no intra-cell interference). In addition, the interference between neighboring cells is randomized due to use of different Fourier matrices.
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Figure 4: Use of different Fourier matrices in the neighboring cells

The proposed Hybrid ARQ encoding scheme can be realized without any additional signalling overhead by coupling the matrix column used for transmission to control channel ID, for example. In the example of Figure 5, scheduling grant for UE-1 is transmitted on control channel # 1 and hence it uses first column of the matrix for its transmission. The scheduling grant for UE-2 is transmitted on control channel #2 and hence it uses second column of the matrix for its transmission. It is also possible to explicitly indicate the column of the matrix in the control message which will result in some additional signalling overhead.
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Figure 5: Signaling of matrix column used for transmission from two UEs

4 Simulations 

4.1 Simulations Assumptions

The detailed simulations assumptions are summarized in Table 1.
Table 1 Link Simulation Assumptions
	Parameter
	Value

	Transmission  Bandwidth
	10 Mhz

	NFFT
	1024

	Usable sub-carriers
	600

	Sub-carrier spacing
	15 kHz

	Subframe duration/TTI
	0.5ms/ 1 ms

	Number of OFDM symbols per sub-frame
	6 (data) & 2 (control)

	RB size (sub-channel)
	12 tones

	Number of RBs simulated
	5

	Channel Model
	SCM-Urban Macro

	Mobile Speed
	10 km/h for Scenario A

3, 30 , 120 km/h for Scenario B

	MCS Levels
	π/2 BPSK , code rate ½, for Scenario A

QPSK, code rate ½ and 1/3, for Scenario B

	HARQ
	None

	Receiver
	Single-Tap LMMSE

	Number of RX antenna
	2

	Channel Estimation
	Ideal

	SIR 
	0 dB, and -6dB


4.2 Simulations Results

Figure 6 to Figure 8 show the comparative link performance of UE-specific scrambling and   radians phase shift at mobile speeds of 3, 30 and 120 km/h respectively. It is noted that SIR = 0dB is assumed in these figures. Figure 6 shows that   radians phase shift method provide significant link gain (>2dB) over scrambling at the mobile speed of 3 km/h. At UE speed of 30 km/h, Figure 7 shows that   radians phase shift approach provide approximately 1dB link performance gain. At the UE speed of 120 km/h, Figure 8 shows that both    radians phase shift and  scrambling method yield similar link performance. Notice that SNR is defined Signal-to-Noise ratio (Gaussian noise only) per received antenna.

[image: image34]
Figure 6: Comparative Link performance at 3 km/h (SIR = 0 dB, code rate= 1/2)

[image: image35]
Figure 7: Comparative Link performance at 30 km/h (SIR = 0 dB, code rate =1/2)


[image: image36]
Figure 8: Comparative Link performance at 120 km/h (SIR = 0 dB, code rate =1/2)


[image: image37]
Figure 9: Comparative Link performance at 3 km/h (SIR = -6 dB, code rate = 1/2)


[image: image38]
Figure 10: Comparative Link performance at 3 km/h (SIR = -6 dB, code rate = 1/3)

In the case of SIR =-6 dB, Figure 9 show the comparative link performance of UE-specific scrambling and   radians phase shift at mobile speeds of 3 km/h. As compared to Figure 6, it is noted that the method of   radians phase shift provides even more gain as the level of interference increase.  For the of code rate = 1/3, Figure 10 show the method of   radians phase shift provide significant gain over UE-specific scrambling at mobile speeds of 3 km/h.
5 Conclusions 
We described a simple hybrid ARQ Chase combining encoding scheme for multi-user MIMO in the uplink.   The proposed approach can help eliminate inter-user interference at low to medium speeds. The proposed scheme requires no or little additional signalling overhead.
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