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1. Introduction
According to the 3GPP specification, a terminal may be configured with dual RF receiving chunnels and one transmission RF chunnel. How to effectively measure the UL channel state is still FFS. This document introduces the Sounding scheme which can solve the problem of the uplink channel measurement in the TDD MIMO system. The Mid-amble code is used as the Sounding signal to get the uplink channel information of the dual antennas of a terminal.
2. UL Midamble sounding scheme

In MIMO system the terminal transmits the specific sounding signal sequence in the uplink. The base station can therefore get the downlink channel state information from the uplink channel measurement based on the reciprocity principle. 
The Mid-amble allocation is essential if Mid-amble code is used as sounding reference signal. Four basic Mid-amble codes are allocated for each cell but only one is used, so the Mid-amble code as the sounding signal for a cell must be different to the one which is used in data transmission. In theory there are 128 basic Mid-amble codes, and any unused one can be configured as the Sounding signal in the cell. However considering the codes resource allocation in the whole network, we propose to make use of one of the other three basic Mid-amble codes in the cell as the sounding signal. 

One antenna in the terminal is denoted as antenna 1, and the other antenna is as antenna 2. A radio frame includes two sub-frames which are denoted sub-frame No.1 and sub-frame No.2 (see Figure 1). We relate the antenna 1 to the No.1 sub-frame and the antenna 2 to the No.2 sub-frame. The Sounding signal will be transmit on each sub-frame. In the No.1 sub-frame, the Sounding signal will be transmitted on the antenna 1 and in the No.2 sub-frame, the Sounding signal will be transmit on the antenna 2(see Figure 2). If the UE in the scheduling time slot, the terminal will transmit the data with the additional Sounding signal simultaneously; if the UE have no uplink data to send, the terminal will only send Sounding signal in the time slot (see Figure3). The base station can identify which antenna of the terminal is used based on the number of the sub-frame. The base station can get the complete UL channel states information within one radio frame.
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Figure 1 radio frame in 1.28Mcps TDD
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Figure 2 terminal transmit process

[image: image4.emf]        data1         data2     Midamble GP

Sounding signal

Send burst


Figure 3(a) Data and Sounding signal send burst
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Figure 3(b) Sounding signal send burst
3. Link level simulation 

  Table 1 simulation assumption

	Parameters
	Value

	Information data rate
	12.2k+2

	Number of UE
	4

	Cell Parameter ID
	1 (0~127)

	Kcell
	8

	Antenna configuration
	8*1

	Detection
	MMSE Joint detection

	Channel
	AWGN / PA3 / VA30 / TU3

	Number of data block for simulation
	2000

	Power control
	Close


The link simulation results in figure 4 - 7 show the influence of the sounding signal on the normal data transmit. The following three different assumption are considered in the link level simulation: 

a) four voice users are considered without sounding signal; 

b) four voice users and one sounding signal are considered;

c) four voice users and one sounding signal are considered and the interference is removed.
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                                Figure 4
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Figure 5
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Figure 6

[image: image9.png]coded BLER

12.2k42-UpLink-4108 Ka=8 TU v=3

Bl

-0 9 ) 7 5 5
Tx Ec/ND (dB)




Figure 7

When BLER=10-2, the Ec/N0 (dB) under different conditions is listed as following:
	Ec/N0(dB)
	AWGN
	PA3
	VA30
	TU3

	a
	-13.61
	-2.645
	-7.67
	-7.24

	b
	-13.26
	-2.54
	-7.34
	-6.75

	c
	-13.56
	-2.635
	-7.54
	-6.95


The simulation results show that the sounding signal transmitted with the data only causes about 0.29dB performance loss. The influence of the sounding signal on the data transmission is very small.

4. System level simulation 

Table 2 Simulation assumption
	Parameters
	Value

	Coverage
	550

	Channel
	TU3

	Transmission model 
	133.67+33.59*log10(d)


The interrupt rates under different conditions are listed as followings:
	a
	1.950%

	b
	1.971%

	c
	1.963%


It shows that the influence to the interrupt rate is very small, and we can come to the conclusion that the sounding signal has little influence on the coverage.
5. 
Proposal
Based on the above analysis, we have the two proposals:

1. Uplink sounding is used for uplink channel measurement in the TDD MIMO system.
2. The basic Mid-amble code is used as the sounding signal.
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