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Proposed Text for E-MBS Supporting Multi-resolution Transmissions with MIMO Scheme
Ren-Jr Chen, Chung-Lien Ho, Yan-Xiu Zheng, Yu-Chuan Fang, Chang-Lan Tsai, Hsi-Min Hsiao
ITRI
Introduction
In this contribution, a multi-resolution E-MBS transmission with MIMO is presented. In E-MBS transmission, the design goal is try to transmit more and more broadcasting information in a limited bandwidth and to support large groups of users as possible in a limited power. However, for mobile MSs, they have the capability to go to any place and change in time, thus, each MSs will have different SINR. If BSs want to support large groups of users, the most robust modulation and coding scheme (MCS) should be applied to guarantee the successful reception of MSs with low SINR. But it will sacrifice the spectral efficiency. Because there is always a trade-off in one of service bit-rate versus signal robustness, it is a problem to provided E-MBS to large groups of users with high spectral efficiency. MIMO technology can be used to increase the spectral efficiency or signal robustness depends on which mode is used. Spatial multiplexing (SM) mode is used to increase spectral efficiency, transmit diversity (TxD) mode is used to increase spectral. For example, if BSs have two antennas, and MSs have two antennas, BSs can decide to use SM mode to increase two times of spectral efficiency or TxD mode to increase the signal robustness. If BSs transmit SM mode signal, MSs can decode the SM mode signal in two conditions. One is the MSs should be equipped with more than two antennas, and the other is in higher SINR. On the other hand, MSs cannot decode SM signal with one antenna or in low SINR. If BSs transmit TxD mode signal, MSs can decode TxD signal with more than one antenna or even in low SNR, but the spectral efficiency is half of SM mode. There is also a trade-off between signal robustness and throughput.
In this contribution, a multi-resolution E-MBS transmission with MIMO is presented to adapt different MSs conditions, i.e. number of antenna in a MS, or SINR in a MS.
Detail description of multi-resolution E-MBS transmissions with MIMO scheme
In Fig. 1, the multi-media data are separated by source encoding (like MPEG) into two information streams. One is basic information stream
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Fig.1 Block diagram of multi-resolution E-MBS transmissions with MIMO scheme
The detail mapping from two codewords to
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of modulation and MIMO scheme was shown in Fig.2. 
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Fig.2 Detail mapping from codeword to modulation symbol
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, respectively, where 
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is 16QAM mapping as defined in 16m. And the mapping of MIMO scheme is 
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The mapping of MIMO scheme is like to TxD mode as defined in 16m. Although,
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From received side, the receiver signal at MS side with two received antennas can be modeled as 


[image: image25.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

+

+

)

1

(

)

(

)

1

(

)

(

)

(

)

(

)

(

)

(

)

1

(

)

(

)

1

(

)

(

2

2

1

1

3

2

4

1

22

21

12

11

2

2

1

1

n

v

n

v

n

v

n

v

k

s

k

s

k

s

k

s

h

h

h

h

n

r

n

r

n

r

n

r

H

H


where 
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is the channel from 
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th antenna at BS to 
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th antenna at UE and v(k) is AWGN.

The receiver structure at MS is shown in the following figure
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Fig. 3: Receiver structure with two antennas
UE can decide to use TxD mode detector or SM detector depends on the MS condition, like SINR, error rate performance, number of antenna. If MS is in bad condition, i.e. low SINR scenario, or poor error rate performance, MS can treat the received signal as TxD mode and decide to use TxD demapper to only retrieve the soft-value of base information stream 
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 by the TxD demmper. The algorithm of TxD demmper as shown in the following, the MS can first process the received signal as 


[image: image30.wmf]1

11121

1

1

1

12111

2

()

ˆ

()

ˆ

()

(1)

ˆ

()

H

HHH

hhrn

sk

k

hhrn

sk

éù

éùéù

==

êú

êúêú

-+

ëûëû

ëû

s

, 


[image: image31.wmf]2

21222

2

1

2

22212

2

()

ˆ

()

ˆ

()

(1)

ˆ

()

H

HHH

hhrn

sk

k

hhrn

sk

éù

éùéù

==

êú

êúêú

-+

ëûëû

ëû

s


where 
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can be retrieved by the SISO demapper, where 
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from first antenna received signal and 
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 from second antenna received signal. The soft-value of 
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If MS is in good condition, i.e. high SINR scenario, or good error rate performance, MS can treat the received signal as SM mode and decide to use SM demapper to both retrieve the soft-value of base information stream 
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 and enhanced information stream 
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by the SM demmper. The received signal at time index n and n+1 can be written respectively as 
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This is the standard form of 2x2 MIMO model. MS can retrieve the soft-value of 
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 by using any kind of MIMO demapper like, MMSE or ML .. etc. 

If the MS only equip with one antenna, only the soft-value of base information stream 
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can be retrieved. The received signal at MS with one antenna can be written as
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The algorithm of TxD demmper is the same as in the MS with two antennas, and is shown in the following, 
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The soft-value of 
[image: image55.wmf][

]

123

ˆ

ˆ

ˆ

ˆ

ˆ

mmmmm

aaaa

+++

=

a

 can be retrieved by the SISO demapper based on 
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Based on the multi-resolution E-MBS transmissions with MIMO scheme as described above, BS can transmit a MBMS signal to adapt multiple MS’s conditions with very small modification. 
The Performance of proposed multi-resolution E-MBS transmissions with MIMO scheme
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Fig. 4. Performance comparison between conventional TxD, SM and ITRI’s MIMO scheme  
The simulation results show the performance comparison between conventional TxD, SM and ITRI’s MIMO scheme. If MS has two antennas at receiver side, MS can decide to use TxD receiver method when MS is at bad conditions. The performance of ITRI’s MIMO scheme is less than the conventional TxD about 1 dB as shown in the Fig. 4 (blue solid line with mark *). Otherwise, when MS is at good conditions, MS can decide to use SM receiver method not only to decode basic information data but also to decode the enhanced information data. Because the basic information should be more important than the enhanced information data, more energy was put into the basic information data in ITRI’s MIMO scheme. The performance of ITRI’s MIMO scheme for basic information data is better than the conventional SM MIMO scheme with QPSK, since as shown in Fig.4 (red solid line with mark *). The performance of ITRI’s MIMO scheme for enhanced information data can be shown in Fig. 4 (red solid line with mark *). If MS only has one antenna at receiver side, MS only can use TxD receiver scheme to receive basic information data. The performance is shown in Fig. 4 (blue dot line with mark *). 
The advantage of ITRI’s MIMO scheme is that it has the capability to adapt MS’s conditions (SNR condition, number of antenna condition) with very minor modification of existing system. We suggest to adapt ITRI’s MIMO scheme when transmit multi-media data in MBSFN. 
Appendix

The simulation parameters were shown bellow.

	Parameter
	Values

	Channel Bandwidth
	10MHz

	Over-sampling Factor
	28/25

	FFT Size
	1024

	Cyclic Prefix (CP) ratio
	1/4

	Resource Unit
	RU (18x6)

	Channel condition
	ISD 1500 120km/h, ISD 5000 120km/h

	The number of antennas
	2Tx, 2Rx/1Rx

	Channel estimation for demodulation
	Prefect channel estimation

	Receiver
	ML receiver

	Coding
	CTC, 1/3 code rate

	Bit length of basic and enhanced information data
	1024

	Channel model 
	3km/ Ped B

	
	


Text proposal for inclusion in the P802.16m/D1
-------------------------------  Text Start  ------------------------------------------------------------------------------------
15.8    Support for E-MBS

15.8.x  MIMO transmission schemes for E-MBS
IEEE 802.16m supports multi-resolution E-MBS transmission. The multi-media data are separated into two information streams. One is basic information stream, 
[image: image58.wmf]011

[, , , , , ]

mM

aaaa

-

LL
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, providing higher quality information. Every eight bits of both streams are modulated as four modulation symbols.

[image: image60.wmf])

,

,

,

(

)

(

)

,

,

,

(

)

(

),

,

(

)

(

),

,

(

)

(

3

2

3

2

2

4

1

1

2

3

3

2

1

2

1

1

1

+

+

+

+

+

+

+

+

+

=

=

=

=

m

m

m

m

m

m

m

m

m

m

m

m

b

b

a

a

f

k

s

b

b

a

a

f

k

s

a

a

f

k

s

a

a

f

k

s


where k = 0, 1, …, M/4-1, m = 4k ,and 
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represent QPSK and 16-QAM modulations respectively. The MIMO scheme transmits symbols for 2 antennae as the following mapping
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where the conjugate transpose of x is denoted by xH.
-------------------------------  Text End  ------------------------------------------------------------------------------------
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