
3GPP TSG GERAN #34
Tdoc GP-070719TSGG#34 (07)0000
Shenzhen, P.R. China
Agenda 7.1.5.3
14 - 18 May 2007
Source: 
Motorola

Title:
Performance Evaluation of Training Sequences of HUGE and RED-HOT 

1. Introduction
Currently there are several training sequences proposals for HUGE and RED-HOT, including Ericsson’s quaternary [2] and binary training sequence [1], Nokia-Simens’ quaternary training sequence based on cyclic shift [3], and Samsung’s two binary training sequences [4].  In this contribution we use link simulation to evaluate the performance of these TSC proposals.  For reference purpose the investigated TSCs are listed here.
	TSC#
	Ericsson’s Binary TSC [1]

	0
	 1,-1, 1, 1,-1, 1, 1, 1,-1, 1,-1,-1,-1,-1,-1,-1,-1, 1, 1,-1, 1,-1,-1,-1,-1, 1, 1,-1,-1,-1, 1

	1
	-1,-1,-1, 1, 1,-1,-1, 1, 1, 1,-1,-1,-1,-1,-1, 1,-1, 1,-1,-1, 1,-1, 1, 1, 1,-1, 1, 1,-1, 1, 1

	2
	-1, 1, 1,-1,-1,-1, 1,-1,-1,-1, 1, 1,-1, 1,-1,-1, 1,-1,-1,-1,-1,-1, 1, 1, 1,-1, 1,-1, 1, 1, 1

	3
	 1, 1, 1, 1,-1,-1,-1, 1, 1, 1, 1, 1, 1,-1, 1, 1,-1,-1,-1, 1,-1, 1,-1,-1, 1, 1,-1, 1,-1, 1, 1

	4
	-1, 1,-1, 1, 1,-1,-1,-1, 1, 1, 1,-1,-1, 1,-1,-1, 1, 1,-1, 1,-1,-1,-1,-1,-1,-1,-1, 1,-1, 1, 1

	5
	 1, 1,-1, 1,-1, 1, 1,-1,-1, 1,-1, 1,-1,-1,-1, 1, 1,-1, 1, 1, 1, 1, 1, 1,-1,-1,-1, 1, 1, 1, 1

	6
	-1, 1,-1,-1,-1,-1,-1,-1, 1,-1,-1, 1,-1, 1, 1, 1,-1,-1,-1, 1,-1,-1, 1, 1, 1,-1,-1,-1, 1,-1, 1

	7
	-1, 1,-1,-1,-1,-1,-1, 1,-1,-1, 1,-1, 1,-1,-1,-1, 1, 1, 1, 1,-1,-1, 1,-1,-1,-1, 1,-1,-1, 1, 1


	TSC#
	Nokia-Siemens’ Base Sequence (length 24)  [3]

	0
	 -1, i, 1,-i,-1, i,-1, i, 1, i, 1, i,-1,-i,-1,-i,-1,-i,-1,-i, 1, i,-1,-i

	1
	-1, i,-1, i,-1,-i, 1, i,-1, i,-1, i, 1,-i,-1,-i, 1,-i,-1, i,-1, i, 1, i

	2
	-1,-1, 1, 1, 1, 1,-1, 1, 1,-1, 1,-1, 1,-1,-1,-1, 1,-1,-1, 1, 1, 1, 1, 1

	3
	 -1, i,-1,-i,-1, i, 1, i, 1,-i, 1, i, 1, i,-1, i, 1, i,-1,-i, 1,-i,-1, i

	4
	 1,-1,-1, 1,-1,-1,-1,-1, 1, 1,-1,-1,-1,-1,-1, 1, 1,-1, 1, 1, 1,-1, 1,-1

	5
	 1, 1, 1,-1,-1, 1,-1,-1,-1,-1, 1, 1, 1,-1, 1, 1,-1, 1, 1, 1,-1, 1,-1, 1

	6
	 1,-1,-1, 1,-1,-1,-1, 1, 1, 1, 1,-1, 1, 1,-1,-1,-1,-1, 1,-1, 1,-1,-1,-1

	7
	 1,-i, 1, i,-1, i,-1,-i,-1, i,-1, i,-1, i, 1,-i,-1, i,-1, i,-1,-i, 1, i


	TSC#
	Samsung’s Method 1  [4]

	0
	-1,-1,-1,-1, 1, 1,-1,-1, 1,-1,-1,-1,-1,-1, 1, 1,-1, 1, 1,-1,-1,-1,-1, 1,-1, 1,-1, 1, 1,-1,-1

	1
	-1, 1,-1, 1,-1,-1,-1,-1, 1, 1,-1, 1,-1, 1,-1,-1, 1, 1,-1, 1, 1,-1,-1, 1, 1, 1, 1, 1,-1, 1, 1

	2
	-1, 1,-1, 1, 1,-1,-1, 1, 1, 1,-1, 1,-1, 1, 1,-1,-1,-1, 1, 1,-1, 1,-1,-1,-1,-1,-1,-1, 1, 1,-1

	3
	-1,-1,-1,-1,-1, 1,-1, 1, 1,-1,-1,-1,-1,-1,-1, 1, 1,-1,-1,-1, 1, 1,-1,-1, 1,-1, 1,-1,-1,-1, 1

	4
	-1, 1,-1, 1, 1,-1,-1, 1, 1, 1,-1, 1,-1, 1, 1,-1,-1,-1,-1,-1, 1,-1, 1, 1,-1,-1,-1,-1,-1,-1, 1

	5
	 1, 1, 1,-1,-1, 1,-1, 1, 1, 1, 1, 1, 1,-1,-1, 1,-1, 1, 1, 1,-1,-1, 1, 1,-1, 1,-1, 1, 1, 1,-1

	6
	-1,-1,-1,-1, 1, 1,-1,-1, 1,-1,-1,-1,-1,-1, 1, 1,-1, 1,-1, 1, 1, 1, 1,-1,-1, 1,-1, 1,-1, 1, 1

	7
	 1,-1, 1, 1,-1,-1,-1,-1, 1,-1, 1,-1, 1, 1,-1,-1,-1,-1, 1,-1,-1, 1, 1,-1,-1,-1,-1,-1, 1,-1,-1


Note that Ericsson has a quaternary training sequence [2], which is not investigated here.  Nokia-Siemens’ base TSC has a length of 24.  In our simulation we add 7 cyclic shift symbols to the beginning of the sequence to form a length of 31.  Samsung also has another binary training sequence [4].  We only test the first training sequence because these two sequences have similar correlation properties, according to Samsung [4].
2. Simulation Assumptions and Simulation Results
A good TSC design should have good correlation performance for effective channel estimation and synchronization tracking.  Blind detection performance of TSC should also be considered.  Besides, new TSC design should have minimal impact on sequence detection and estimation algorithm.  In this contribution, we use link level simulation to evaluate TSC performance.
Table 1   Simulation Assumptions

	Parameter
	Value

	Channel Profile and Speed
	Typical Urban, 3km/hr (TU3)

	Frequency Hopping
	noFH

	Frequency Band
	900MHz

	Interference
	Co-channel

	Antenna Diversity
	No diversity

	Equalizer
	RSSE-DFE

	Tx pulse shaping filter
	Linearised GMSK w/ Rate 325kSymb/s

	MCS
	HMCS7-8-9, convolutional coded 16QAM with HSR

	Simulation Length
	20000 radio blocks per point


The general simulation assumption is listed in Table 1.  To evaluate performance for all TSC, each RLC block is transmitted with an independent TSC.  The resulting performance is the average performance over all TSC.  We evaluate co-channel interference performance with two scenarios. The first scenario generates the interference signal with the same modulation type (HSR).  This will test the cross-correlation performance among the new TSCs.  The second scenario uses the legacy 8PSK modulation as the co-channel interference, where the cross-correlation between the new TSC and the legacy TSC will be evaluated.  Simulation results for HSR 16QAM are shown in Figure 1 to Figure 8, including RBER and BLER performance.
2.1. Scenario 1: HSR modulation as the co-channel interference
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Figure 1   Raw Bit Error Rate of HSR 16QAM
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Figure 2  BLER of HMCS7-16QAM
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Figure 3  BLER of HMCS8-16QAM
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Figure 4  BLER of HMCS9-16QAM


2.2. Scenario 2: Legacy symbol rate (LSR) modulations as the co-channel interference
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Figure 5   Raw Bit Error Rate of 16QAM HSR
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Figure 6   BLER Performance of HMCS7-16QAM

	[image: image7.png]BLER

—&~ Ericsson's Binary
—&- Nokia-Siemens System
—&— Samsung's Method 1

¥

cil, (dB)





Figure 7   BLER Performance of HMCS8-16QAM
	[image: image8.png]BLER

10
10"
T—=— Ericsson's Binary
—&- Nokia-Siemens System
| —¢— Samsungs Method 1
. i i : : :

0 5 10 15
cil, (dB)

20

25

30




Figure 8   BLER Performance of HMCS9-16QAM


3. Conclusions
Based on our link simulation results, following conclusions can be drawn:
· There is almost no performance difference among the three types of TSC.

· The performance difference among the three sets of TSC is below 0.2dB, when the co-channel interference is HSR modulation signal.

· When the co-channel interference is a LSR modulation source, there is small performance difference.  Samsung’s TSC performs better than Ericsson’s and Nokia-Siemens’ TSC.
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