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Timeslot Aggregation for RTTI TBF and Link Performance
1 Introduction

Reduced TTI (RTTI) and Fast Ack/Nack Reporting (FANR) are accepted as effective enhancements to reduce latency [1] [2] [3]. To get room for the FANR short bitmap, the coding schemes (convolution, puncturing and interleaving) of RLC data shall be modified due to the reduction of RLC data payload, or the RLC data code rate shall be increased. [4]

In this contribution, timeslot aggregation is introduced. A fat New Burst is formatted by aggregating the two uplink allocated timeslots of RTTI TBF and extra symbols are obtained. Some of the extra symbols are used to bear the short bitmap, thus the RLC data payload and its coding scheme can be maintained as before. The simulation results for the link performance of the legacy MCSs, RTTI + FANR and the New Burst + RTTI + FANR are also presented.
2 Timeslot aggregation for RTTI
At least two timeslots will be allocated to a RTTI TBF. If the two timeslots are consecutive, they can be aggregated to form a fat timeslot, thus can bear a fat burst. [5] That is, the radio blocks would still span two TDMA frames after aggregation, but would now consist of two “aggregated” bursts, instead of four ordinary bursts, as shown in figure 1 below:

[image: image13.bmp]
Figure 1 Normal Burst format after two timeslots aggregation for RTTI TBF

The stealing bits and extra stealing bits on both timeslots are preserved after aggregation because the block is composed of only two aggregated bursts. The preserved stealing bits and extra stealing bits are located next to the Training sequence as shown in figure1. In case of MCS5-9, there will be no extra stealing bits. To improve the receiver performance, the TSC is located in the middle of new aggregated slot [6].

After the removal of Guard period and Tail Bits between the two bursts, and the Training Sequence of one burst, 40.25 extra symbols will be retrieved from each aggregated fat burst. Therefore, 80 or 240 extra bits will be retrieved for each block using MCS1-4 or MCS5-9 respectively.
The extra bits can be used to improve the throughput, or to reduce the RLC code rate, or to transfer the piggy-backed FANR bitmap. 

In this contribution, some of the extra bits are used as FANR bitmap. For MCS1-4, all the 80 extra bits are used as the bitmap. For MCS 5-9, 120 bits are used, and the other 120 bits are used for redundancy or other purpose.
3 Definition of the new coding schemes
NBRTTI (New Burst RTTI) coding schemes are defined as shown in Table 2.  
Table 2: Definition of new coding schemes
	
	
	MCS-2

w/o bitmap
	RTTI

2 w/ bitmap
	NBRTTI

2 w bitmap
	MCS-6

w/o bitmap
	RTTI

6 w/ bitmap
	NBRTTI

6 w/ bitmap

	Raw
	Header
	31
	31
	31
	37
	37
	37

	
	Bitmap
	0
	20
	32[1]
	0
	20
	32[1]

	
	Data
	226
	194
	226
	594
	530
	594

	Coded

(+CRCs)
	Header
	117
	117
	117
	135
	135
	135

	
	Bitmap
	0
	78
	120
	0
	78
	120

	
	Data
	732
	636
	732
	1836
	1644
	1836

	Punctured
	Header
	80
	80
	80
	136
	136
	136

	
	Bitmap
	0
	54
	80
	0
	78
	120

	
	Data
	372
	318
	372
	1248
	1170
	1368(1248)[2]

	Over head
	
	12[3]
	12[3]
	12[3]
	8[3]
	8[3]
	8[3]

	Total
	
	464
	464
	544
	1392
	1392
	1632 [2]

	Note [1]: The 32 bit bitmap is independently coded (with an 8 bit CRC)
Note [2]: 120 bits out of 240 extra bits may be used as redundancy bits of RLC data, and in such case the puncturing scheme of RLC data shall be modified. In this contribution, the 120 bits are reserved as spare bits.

Note [3]: Over head refers to stealing flags (and extra stealing flags in case of MCS 1-4).


3.1 Header and Data coding

The coding of RLC header and data is kept unchanged. Only the burst mapping is changed in order to allow Reduced TTI operation and aggregated bursts. The header and data bits are mapped on two aggregated fat bursts spanning two consecutive TDMA frames. The process is illustrated in the Figure 1.
3.2 Bitmap coding

The bitmap payload has a length of 32 bits, thus is more robust or able to take more Ack/Nack information compared with 20 bits usually used for FANR. The coding of the bitmap is independent of RLC header and data. 

To get a similar code rate as RLC header, 8 CRC bits are added to the bitmap payload. The method for generating the CRC and the convolutional coding polynomials of MCS header are reused here. For NBRTTI1-4, the convolutional coded bitmap data is uniformly punctured from 120 bits to 80 bits. For NBRTTI5-9, no bits are punctured from the coded bitmap. See table 2 above. After punctured, the bitmap is interleaved independently and mapped uniformly on the encryption bits. The method is described in the figure 2 below.

[image: image2]
Figure 2 Interleaving of NBRTTI type data

4 Simulation results
Simulations are done for two types coding schemes (MCS-2-like and MCS-6-like) for TU3iFH and TU 50iFH channels for low band (GSM 900) and upper band (GSM 1800). Every type has three specific coding schemes: the standard MCS schemes, the RTTI type coding schemes assumed to have a 20-bit FANR bitmap, and the NBRTTI coding schemes assumed to have a 32-bit bitmap.

The idea is to have an insight of the performance achieved (e.g. higher throughput) through the NBRTTI coding schemes and the loss in the performance due to timeslot aggregation.
Figure 3 to 6 show the simulation results of the MCS-2-like coding schemes, including the data, header and the bitmap. 
	[image: image3.emf]EDGE MCS2 TU3iFH 900MHz
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Figure 3: MCS2 like coding scheme - TU 3 ideal FH
	[image: image4.emf]EDGE MCS2 TU50iFH 900MHz
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Figure 4: MCS 2 like coding scheme - TU 50 ideal FH
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Figure 5 : MCS 2 like coding scheme - TU 3 ideal FH – GSM 1800
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Figure 6: MCS 2 like coding scheme – TU 50 ideal FH – GSM 1800


Figure 7 to 10 show the simulation results of the MCS-6-like coding schemes, including the data, header and the bitmap.
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Figure 7: MCS 6 like coding scheme - TU 3 ideal FH
	[image: image8.emf]EDGE MCS6 TU50iFH 900MHz

0.001

0.01

0.1

1

0 2 4 6 8 10 12 14 16 18 20 22 24

C/I (dB)

BLER

MCS6_Header_FER MCS6_Coded_FER MCS6_RTTI_Header_FER

MCS6_RTTI_coded_FER MCS6_NBRTTI_Header MCS6_NBRTTI_coded_FER

MCS6_RTTI_BitMap MCS6_NBRTTI_BitMap


Figure 8: MCS 6 like coding scheme - TU 50 ideal FH 
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Figure 9: MCS 6 like coding scheme - TU 3 ideal FH       – GSM 1800
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Figure 10: MCS 6 like coding scheme - TU 50 ideal FH – GSM 1800


Figure 11 and 12 show the throughput of the MCS-6-like coding schemes for low and upper band respectively.
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Figure 11: Throughput of MCS 6 like coding scheme    - TU 50 ideal FH
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Figure 12:Throughput of MCS 6 like coding scheme - TU 50 ideal FH - GSM 1800


5 Conclusions

The following could be concluded from all of the above:
★ The loss due to removal of one training sequence in case of uplink NBRTTI (New Burst RTTI) blocks with ideal FH (when compared to normal RTTI schemes) is around 

○  Less than 0.8dB for data @ 10% BLER;
○  Less than 2.5dB for data @ 1% BLER;
○  0dB for header @ 10% BLER;

○  Less than 0.5dB for header @ 1% BLER; 

○  Less than 0.5dB for bitmap @ 10% BLER;

○  Less than 1dB for bitmap @ 1% BLER;
○  The link performance of NBRTTI for low speed channel is much close to that of RTTI. However in case of high speed channel, the performance of NBRTTI is worse than that the later.
★ Though there is loss of link performance for high speed channel at higher frequency, throughput of NBRTTI is better than RTTI due to the size of a RLC data is kept unchanged. When the throughput is 25kbps in case of MCS-6-like coding scheme, the gain of NBRTTI is about 2dB. More throughput gain can be obtained if NBRTTI coding scheme is defined with turbo codes. [7]

★ After aggregation, the 32-bit bitmap is more robust and able to indicate more Ack/Nack information, when compared to the existed Ack/Nack bitmap.
★ The payload of RLC data in case of NBRTTI can be kept unchanged, thus the coding schemes of RLC data do not have to be modified to make room for short bitmap.
★ In case of MCS5-9, some of extra bits after aggregation can be used as redundancy bits of RLC data. This may, to some extent, compensate for the removal of training sequence and get a better performance.
It is proposed to include section 2 to 5 of this contribution in the GERAN Evolution feasibility study document.
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Aggregated Fat Burst formats (MCS1-4)






































Extra SB of 2nd timeslot


























Extra SB of 1st timeslot





SB of 2nd timeslot





SB of 1st timeslot





Tail Bits





Encrypted bits





TSC





One TDMA frame





TTI = 10 ms





TDMA Frame





RLC/MAC Block





Coded Data





Coded Header





Mapping





Aggregated burst 2





Aggregated burst 1





Interleaving





Interleaving





Interleaved RLC data





Interleaved rlc/mac header





Interleaved bitmap





Coded RLC data





Coded RLC/MAC header





Coded bitmap





































































































1
2

