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Initial Link level results for RTTI coding schemes
1 Introduction

Reduced TTI and fast ACK/NACK are proposed as possible enhancements to reduce latency as part of GERAN evolution [1] and [2]. In this contribution new RTTI type coding schemes are defined and initial simulation results for the link level performance of the new coding schemes are presented.

2 Definition of the new coding schemes

New RTTI coding schemes are defined as shown in Table 1.  

	
	
	RTTI

2 w/o bitmap
	RTTI

2 w/ bitmap
	RTTI

3 w/o bitmap
	RTTI

3 w/ bitmap
	RTTI

5 w/o bitmap
	RTTI

5 w/ bitmap
	RTTI

6 w/o bitmap
	RTTI

6 w/ bitmap

	Raw
	Header
	31
	31
	31
	31
	37
	37
	37
	37

	
	Bitmap
	0
	20
	0
	20
	0
	20
	0
	20

	
	Data
	226
	194
	298
	266
	450
	386
	594
	530

	Coded

(+CRCs)
	Header
	117
	117
	117
	117
	135
	135
	135
	135

	
	Bitmap
	0
	78
	0
	78
	0
	78
	0
	78

	
	Data
	732
	636
	948
	852
	1404
	1212
	1836
	1644

	Punctured
	Header
	80
	80
	80
	80
	136
	136
	136
	136

	
	Bitmap
	0
	54
	0
	54
	0
	78
	0
	78

	
	Data
	372
	318
	372
	318
	1248
	1170
	1248
	1170

	Over head
	
	12
	12
	12
	12
	8
	8
	8
	8

	Total
	
	464
	464
	464
	464
	1392
	1392
	1392
	1392

	· The Header coding is kept unchanged 

· The bitmap is independently coded (with a 6 bit CRC)

· Data has 12 bit CRC

· USF bits are included in the header (the coding of USF is unchanged)

· Over head refers to stealing flags (and extra stealing flags in case of MCS 1-4)

· The coding of the data for RTTI-MCS 2 and RTTI-MCS 3 with bitmap is slightly less robust than the corresponding coding schemes without bitmap

· The coding of the data for RTTI-MCS 5 and RTTI-MCS 6 with bitmap is slightly more robust than the corresponding coding schemes without bitmap

· The coding schemes for RTTI MCS schemes without bitmap is kept exactly same as the current MCS schemes (Only the burst mapping changes to allow RTTI option)


Table 1: Definition of new coding schemes

The new (RTTI 5 and RTTI 6) coding schemes are defined in such a way that there is always a possibility of retransmission  using RTTI 2 and RTTI 3 coding schemes respectively, should link adaptation change the coding scheme by the time of retransmission. 
2.1 Header coding

The coding of the header is kept unchanged. Only the burst mapping changes in order to allow reduced TTI operation. In other words, the header bits are mapped on to four bursts and the first two bursts are transmitted in the same TDMA frame in a multislot transmission and the other two bursts are transmitted in the next TDMA frame. The process is illustrated in the Figure 1 below.
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Figure 1: Reduced TTI burst mapping
2.2 Bitmap coding

A constant number of bits (20) per block are assumed as the payload size of the bitmap. The coding of the bitmap is done independently [2].

2.2.1 Block code
A 6 bit CRC is added to the 20 bitmap bits.  The method used for generating the CRC bits of TCH/AFS logical channels is reused for this purpose. The result is a block of 26 bits. 
2.2.2 Convolutional code

Tail biting convolutional code of 1/3 rate is used to encode the resultant 26 bits (from the block coding mentioned above) the code polynomials used for MCS-1 header coding are used for this purpose. The result is a block of 78 bits. 
2.2.3 Puncturing

For RTTI 2 and RTTI 3 type logical channels, the convlutionally coded bitmap data bits are punctured from 78 bits to 54 bits. A pseudo random uniform puncturing pattern is used for this purpose.

2.2.4 Interleaving and burst mapping
The bitmap is interleaved as if it is part of data. The method is described in the Figure 2 below. 
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Figure 2: Interleaving of RTTI type data

The 4 resultant bursts of the RTTI type data are transmitted in the same way as described in Section 2.1 above.
2.3 Data coding

The size of the payload for each RTTI scheme is as shown in Table 1. The basic coding scheme of the data is kept unchanged. (i.e. block coding, convolutional coding etc). However the algorithms operate on blocks of different sizes. The puncturing is done again using a pseudo random uniform puncturing pattern. The interleaving and burst mapping is done as specified in section 2.2.4. 
3 Simulation results

Simulations are done for RTTI 3 and RTTI 6 type coding schemes for TU3 and TU 50 ideal frequency hopping channels for low band (GSM 800) and also for TU 50 in upper band (GSM 1800/1900). The results are shown in this section. The RTTI type coding schemes are assumed to always have the bitmap for first and second transmissions. A comparison is made against standard MCS schemes as defined currently. The idea is to have an insight of the performance achieved by the new coding schemes and the loss in the performance due to loss of frequency diversity. 
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Figure 3: MCS 3 like coding scheme - TU 3 ideal FH
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Figure 4: MCS 3 like coding scheme - TU 50 ideal FH
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Figure 5: MCS 3 like coding scheme - TU 50 ideal FH – GSM 1800/1900
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Figure 6: MCS 6 like coding scheme - TU 3 ideal FH
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Figure 7: MCS 6 like coding scheme - TU 50 ideal FH
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Figure 8: MCS 3 like coding scheme - TU 50 ideal FH – GSM 1800/1900


4 Conclusions

The following could be concluded from the simulation results.

· The loss due to less frequency diversity incase of RTTI blocks with ideal FH (when compared to normal MCS schemes) is around 

· 1 dB for data @ 10% FER

· 2.5 dB for data @ 1% FER

· 1 dB for header @ 10% FER

· 2 dB for header @ 1% FER

· Whilst in case of RTTI 3 the bitmap performance is almost as good as corresponding RTTI header performance; incase of RTTI 6, the bitmap performance is upto 2 dB worse than the corresponding RTTI header performance. 

· This is because the interleaving of the bitmap is done as if it was part of data and the data bits are mapped on to weaker bits in the burst (when compared to header) in case of MCS 6.
These simulation results are further utilized in system level simulations performed in [3]. 

It is proposed to include section 2 and 3 of this contribution in the GERAN Evolution feasibility study document. 
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