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New Coding schemes for RTTI and Fast ACK/NACK
1 Introduction

Reduced TTI and fast ACK/NACK are proposed as possible enhancements to reduce latency as part of GERAN evolution [1] and [2]. New coding schemes for RTTI and Fast ACK/NACK are proposed in [5]. At GERAN#31 a preference was expressed to keep the bandwidth/payload sizes of existing MCS coding schemes unaltered.  Hence, in order to include the bitmap, the new coding schemes proposed would have to puncture (preferably) the data more. One possible way of achieving this is outlined in [5]. In this contribution, new coding schemes with this consideration are defined for all possible GMSK and 8 PSK based EGPRS MCSs. Simulation results showing the performance of these new coding schemes are also shown. 
2 Definition of the new coding schemes

Table 1 shows the set of all new coding schemes.  Note that since the bitmap for fast ACK/NACK is introduced at the expense of reduced code rate on the data, MCS 4 and MCS 9 which have a code rate of 1 can not be used when bitmap is inserted. Hence, these coding schemes are not simulated. It should however be noted that MCS 4 and MCS 9 could still be used with RTTI but with out the fast ACK/NACK bitmap. 
The header coding and the USF coding (on downlink) are kept unchanged. Only 10 ms TTI is considered in the simulations and a two slot per TDMA frame configuration is simulated for this purpose. New uniform puncturing schemes are used for first and second transmission. Only two transmissions are simulated for each coding scheme (one transmission and one IR retransmission). The interleaving schemes of existing MCSs are reused. The bitmap and the data are interleaved together as shown in [4]. For MCS 7 and MCS 8, where there are two RLC/MAC blocks in a radio block, the bitmap is separated into two halves and each half is interleaved with one data-block using the interleaving schemes defined for the corresponding data-blocks as shown in Figure 1 below.
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Figure 1: Interleaving for RTTI coding schemes with 2 RLC/MAC block per radio block

Table 1: New Coding schemes for RTTI/Fast ACK/NACK

	
	
	RTTI

1 w/o bitmap
	RTTI

1 w/ bitmap
	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
	RTTI

7 w/o bitmap
	RTTI

7 w/ bitmap
	RTTI

8 w/o bitmap
	RTTI

8 w/ bitmap

	Raw
	Header
	31
	31
	31
	31
	31
	31
	37
	37
	37
	37
	46
	46
	46
	46

	
	Bitmap
	0
	20
	0
	20
	0
	20
	0
	20
	0
	20
	0
	20
	0
	20

	
	Data
	178
	178
	226
	226
	298
	298
	450
	450
	594
	594
	2×450
	2×450
	2×546
	2×546

	Coded

(+CRCs)
	Header
	117
	117
	117
	117
	117
	117
	135
	135
	135
	135
	162
	162
	162
	162

	
	Bitmap
	0
	78
	0
	78
	0
	78
	0
	78
	0
	78
	0
	78
	0
	78

	
	Data
	588
	588
	732
	732
	948
	948
	1404
	1404
	1836
	1836
	2×1404
	2×1404
	2×1692
	2×1692

	Punctured
	Header
	80
	80
	80
	80
	80
	80
	136
	136
	136
	136
	160
	160
	160
	160

	
	Bitmap
	0
	54
	0
	54
	0
	54
	0
	78
	0
	78
	0
	78
	0
	78

	
	Data
	372
	318
	372
	318
	372
	318
	1248
	1170
	1248
	1170
	1224
	1146
	1224
	1146

	Over head
	
	12
	12
	12
	12
	12
	12
	8
	8
	8
	8
	8
	8
	8
	8

	Total
	
	464
	464
	464
	464
	464
	464
	1392
	1392
	1392
	1392
	1392
	1392
	1392
	1392

	Header code-rate
	
	0.3875
	0.3875
	0.3875
	0.3875
	0.3875
	0.3875
	0.2721
	0.2721
	0.2721
	0.2721
	0.2875
	0.2875
	0.2875
	0.2875

	Data code-rate
	
	0.4785
	0.5597
	0.6075
	0.7107
	0.8011
	0.9371
	0.3606
	0.3846
	0.4760
	0.5077
	0.7353
	0.7853
	0.8922
	0.9529

	· The Header coding is kept unchanged 

· The bitmap is independently coded (with a 6 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)


Since the payload size is constant, IR combining is possible irrespective of the presence of the bitmap in first transmission or subsequent retransmissions. The performance of various coding schemes with and without bitmap should not be significantly different as this would have some impact on the link adaptation if the presence/absence of bitmap results in significant fluctuations in link quality. For this purpose, the bitmap size should be kept as low as possible. It is Siemens view that a single bitmap of a total size of 20 bits for the bitmap is necessary and sufficient for this purpose. It is observed that there is some interest in allowing a variable length of the bitmap [7]. Whilst a variable length bitmap would be beneficial in terms of flexibility of reporting, such an assumption would complicate the implementation as new coding/puncturing schemes would then be necessary to support a number of different bitmap lengths. Moreover, the header format of the existing EGPRS MCSs also needs changes. Hence, it is Siemens view that the possible options should be kept to a minimum unless there is a significant gain from using a variable length bitmap.
3 Simulation results

All the simulations were performed for TU3 ideal frequency hopping channel and single RX antenna assumed.
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Figure 2: RTTI 1
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Figure 3: RTTI 2
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Figure 4: RTTI 3
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Figure 5: RTTI 5
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Figure 6: RTTI 6
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Figure 7: RTTI 7
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Figure 8: RTTI 8
	


4 Summary of the simulation results
The following parameters are studied for the purpose of evaluation of the new coding schemes (@ 10% FER).
4.1  Loss due to reduced frequency diversity

Since RTTI coding schemes are transmitted within two TDMA frames, there is a loss in performance due to reduced frequency diversity. This performance loss is proportional to the amount of coding. It can be observed from the simulation results that this is in the order of 0 to 2 dB. It should be noted that although MCS 4 and MCS 9 could also be used in RTTI format (without bitmap), these are not simulated as the performance of these coding schemes is not worsened by reduced frequency diversity. 

4.2 Performance difference between coding schemes with and without bitmap

For the first transmission the difference in performance for RTTI coding schemes with and without bitmap is in the order of 0.5dB to 3.5 dB. However for the IR retransmission the difference is again negligible. This is an important parameter for the definition of these new coding schemes because a larger difference would confuse the link adaptation process based on the BLER and might result in unnecessary switching between the coding schemes. 
4.3 Performance of the bitmap

The idea was to code the bitmap as robustly as the header itself. The performance of the Bitmap is hence very similar to that of the RLC/MAC header for all the GMSK modulated MCSs. However, for MCS 5-8 (using 8 PSK), the interleaving of the header and data are different. The header is interleaved in such a way that more reliable bit positions in the burst are occupied by the header bits. Thus the performance of the bitmap – which is interleaved as if it is part of data as shown in section 2 – is slightly worse than the header (up to 2 dB). 

5 Conclusions

It is recommended that a new set of RTTI coding schemes be defined with constant payload size (equal to the corresponding payload sizes in today’s MCS schemes). The ACK/NACK bitmap should be coded independently. The performance of majority of coding schemes shows low dependence on presence of bitmap. The loss in frequency diversity because of RTTI burst mapping is tolerable. It is also recommended that a constant length of bitmap is preferred as this would keep the number of new coding/puncturing schemes to a minimum and reduce the standardization and implementation effort whilst retaining the existing header formats. 
6 References

[1] GP-060779, Reduced TTI approach for delay-sensitive applications, Siemens GERAN#29
[2] G2-060203, RTTI and Fast Ack / Nack reporting, Siemens, GERAN2#29 bis
[3] GP-061226, Latency Reduction - Further results for VoIP, Siemens, GERAN#30
[4] GP-061178, Initial Link level results for RTTI coding schemes, Siemens, GERAN#30

[5] GP-061614, Further Link level results for RTTI coding schemes, Siemens, GERAN#31
[6] G2-060328, RTTI and FANR - preliminary results for VoIP, Siemens, GERAN2#31 bis

[7] G2-060310, Fast Ack/Nack Reporting for EGPRS, Nokia, GERAN2#31 bis













































































































































































































































































































































































































