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New Burst Structure: Performance and Compatibility 
1 Introduction
According to the simulation results in our proposal [1]，although the TSC is placed in the middle of the new burst, the BER performance of new burst structure will degrade under many scenarios, especially under faster fading channel. There are many ways to reduce the degradation, such as increasing the trellis size of the equalizer, using more frequently channel tracking algorithm or optimized channel tracking algorithm, but the degradation will still exist. The degraded BER performance will induce the degradation of upper layer BLER of channel decoding, so more powerful error corrective channel coding may be considered to use.
This paper presents performance on new defined coding schemes with turbo codes on new burst structure and some compatibility problems of new burst structure used in uplink.
In section 2, BER performance degradation is provided.

In section 3, new coding schemes are defined with turbo codes and data throughput results of simulation are provided.
In section 4, compatibility problems are listed with corresponding consideration.

In section 5, conclusions are given.
2 BER Degradation of New Burst
The BER performance of aggregated new burst became worse. The performance degradation of 3 burst aggregation in co-channel interference condition is listed in table 1 and table2.
Table 1.  BER degradation of 3 burst aggregation compared to legacy burst, GMSK

	scenario
	%8 BER
	1% BER

	TU3iFH 900Mhz
	0dB
	0dB

	TU50 900MHz
	0dB
	0.3dB

	TU50 1800MHz
	0.3dB
	1.8dB

	RA250 900MHz
	1.5dB
	>3dB


Table 2.  BER degradation of 3 burst aggregation compared to legacy burst, 8PSK
	scenario
	%8 BER
	1% BER

	TU3iFH 900Mhz
	0dB
	0dB

	TU50 900MHz
	0dB
	0.5dB

	TU50 1800MHz
	1.0dB
	6.5dB

	RA250 900MHz
	6dB
	>10dB


The equalizer here used is based on normal implementation complexity.
The coding scheme’s BLER is sensitive to the BER, especially when higher coding rate. Very low level BER is needed to obtain peak data rate. Figures in table 1 and 2 show lager degradations at lower BER. 
So more powerful error corrective channel coding may be used in upper layer when BER degradation can’t be avoided.
3 New Coding schemes and Simulation
The target of GERAN evolution is to improve the data throughput. In [2], RLC aggregation is proposed to get more gains of data throughput, but the gains listed in the paper is the theoretical results. No proposals to get the gains are provided.
As the aggregated RLC block can provide the longer data block length before channel coding, so using turbo codes as channel coding become realistic. In this section, turbo codes is introduced in the aggregated RLC data block and LA and IR simulation results are provided based on new defined coding schemes.
3.1 Coding schemes
Refer to the current EGPRS uplink MCS coding schemes, new uplink coding schemes is defined in the simulation, listed in table 3. It is defined as the same data rate (per legacy burst) with legacy MCS. MB3MCS10 and MB3MCS11 are added to the coding schemes to reach peak data rate. In MB3MCS1 to MB3MCS9, the redundancy bit from burst aggregation and RLC aggregation are used as the protection bit in coding. Head length and coding schemes of new MCS type is the same with the legacy MCS in the simulation and it need further study.
Table 3.  New defined coding schemes for 3 burst aggregation
	Legacy MCS type
	New MCS  (aggregation of 3 burst)
	data rate per legacy burst (kbps)
	Interleave depth (bursts)
	Data block per RLC

	MCS1
	MB3MCS1
	8.8
	4
	1

	MCS2
	MB3MCS2
	11.2
	4
	1

	MCS3
	MB3MCS3
	14.8
	4
	1

	MCS4
	MB3MCS4
	17.6
	4
	1

	MCS5
	MB3MCS5
	22.4
	4
	1

	MCS6
	MB3MCS6
	29.6
	4
	1

	MCS7
	MB3MCS7
	44.8
	4
	2

	MCS8
	MB3MCS8
	54.4
	2
	2

	MCS9
	MB3MSC9
	59.2
	2
	2

	-
	MB3MCS10
	69.8
	2
	2

	-
	MB3MCS11
	82.2
	2
	2


3.2 Simulation setting

New burst of 3 aggregated legacy burst are considered in simulation and ideal LA (link adapt ion) and IR (incremental redundancy) assumed.
Scenarios: 
· co-channel interference
Equalizer type:

· GMSK :  MLSE + PSP (LMS)
· 8PSK   :  RSSE  + PSP (LMS)

The equalizer is not optimized and based on normal implementation complexity.
TSC position:

· In the middle of the new burst

Tubo code:

· Take the turbo coding schemes and subsequent rate matching as it used in RAN [3].
· Max-log-map decoding algorithm used.
Curves are provided in four channels. 

· TU3iFH    - 900  MHz

· TU50        - 900  MHz

· RA250     - 900  MHz

· TU50        - 1800MHz
3.3 Simulation results
The curves in figure 1 to figure 4 show data throughput vs. C/I of new defined MCS and standard MCS. Different gains of new defined MCS against standard MCS with different C/I can be seen in the figure. The CDF of C/I presented by TeliaSonera in [4] indicates very few occurrences of C/I above 22 dB. According to the C/I pdf in [4], average data throughput can be calculated, the average gains are listed as following. 
Table 4.  Average throughput gain of new defined MCS with Turbo codes

	Channel Type
	Gains of LA
	Gains of IR

	TU3iFH 900MHz
	37%
	36%

	TU50     900MHz
	34%
	33%

	TU50     1800MHz
	19%
	20%

	RA250  900 MHz
	-9%
	2%


The overall gains in table 5 from [2] are listed here for comparison.
The figures in Table 4 and Table 5 show that the data throughput gains of new coding schemes with turbo codes are very close to the theoretical gains with aggregated formats at L1 and L2.
Table 5.  Overall gain with aggregated formats at L1 and L2
	Allocated Timeslots
	Data symbols tx with legacy technique
	Data symbols tx with new technique
	Gain 

	
	MCS 1-4
	MCS 5-6
	MCS 7-9
	MCS 1-4
	MCS 5-6
	MCS 7-9
	MCS 1-4
	MCS 5-6
	MCS 7-9

	3
	1128
	1232
	1208
	1626
	1660
	1652
	44.1%
	34.7%
	36.8%
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Figure 1. Throughput per standard burst under TU3iFH/900MHz
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Figure 2. Throughput per standard burst under TU50/900MHz
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Figure 3. Throughput per standard burst under TU50/1800MHz
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Figure 4. Throughput per standard burst under RA250/900MHz
4 Compatibility
As to the conclusion in [5], compatibility problems are reconsidered here.
4.1 Impact to the current frequency planning
Coexist with current frequency planning.
4.2  Multiplexing loss with legacy EGPRS

No loss in multiplexing with legacy EGPRS when used in uplink.

4.3 Impact to BTS 

No hardware change needed. Turbo decoding can be implemented by software upgrade.
4.4 Applicable of DTM

Yes.
4.5 Applicable for the A/Gb mode interface
Yes.

4.6 Impact to the mobile station
For MS that already supports both GERAN and RAN, the existing Turbo coding capability can be re-used from RAN capability. Otherwise, the capability would need to be included.
5 Conclusion
In this paper, the performance of new defined coding schemes with turbo codes on new burst structure are evaluated, and the simulation results show the data throughput gain is more than 30% in TU3iFH-900MHz and TU50-900MHz, while the degradation of data throughput in RA250 is  9%. The degradation in RA250 is not a serious problem considering that no optimized equalizer is used in simulation. 
With the performance results and compatibility consideration, new burst structure is a good compromise between enhancements and limited complexity. Modifying the TSC position to the middle of the new burst and using turbo codes in the coding schemes is a good way to achieve better performance of new burst structure.
The coding schemes with turbo codes in the paper is not strictly defined, so more details in RLC/MAC need further study.
It is proposed to include this text into the feasibility study report of GERAN evolution.
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