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Bit swapping for RED HOT A PAN
1 Introduction

Piggybacked Ack/Nack-messages, PANs, are used to transmit an Ack/Nack bitmap with a radio block carrying RLC data PDUs. The PAN feature is part of the LATRED work item.

At GERAN#35 there was consensus to increase the PAN CRC to 10 bits based on simulation results shown in ‎[1], from the previously agreed 6 bits, to ensure good protection against false positives, i.e. an Ack/Nack being accepted while being erroneous.

In ‎[3] the PAN performance is evaluated on link level for EGPRS. The evaluation included the size of the PAN and bit swapping of the PAN bits. Based on the simulation results it was concluded that a 20 bit PAN should be used for EGPRS and that bit swapping should be applied on the bits in weak bit positions.

In this document the PAN performance for RED HOT A is evaluated. Only a 20 bit PAN has been considered.
NOTE: The evaluation of DAS-12 is still missing.

2 PAN

The punctured size of the PAN for RED HOT A is 78. However, it has been proposed, see ‎[3], to reduce the PAN size for DAS-5/6/7 to 76 bits to enable EGPRS mobiles to read the PAN in a RED HOT A block. This assumption has been used in this paper. The PAN sizes used for RED HOT A are shown in Table 1.

Table 1. PAN sizes for RED HOT A.

	MCS
	PAN size [bits]

	DAS-5–7
	76

	DAS-8–12
	78


2.1 PAN interleaving and burst mapping

The PAN is mapped on the burst together with the data. The placement of the PAN before interleaving is dependent on the interleaving depth of the data block. Since all PANs have low code rates, a maximized interleaving depth is preferred.

NOTE: For DAS-12 with interleaving depth 1 1/3 burst, the PAN is split in three parts before interleaving, each part being appended before a corresponding RLC data block. Each field contains every third bit from the PAN field. E.g. the part appended to the first RLC data block contains PAN bits 0,3,6,9.. etc and the second part bits 1,4,7,10 etc.
2.2 Bit swapping

The modulations for EGPRS and EGPRS2, except GMSK and QPSK, have the property that some bits are strong and some are weak in the modulation constellation. In EGPRS bit swapping is used to put header bits and USF bits on strong bit positions in the 8PSK constellation. Also, for EGPRS-2 bit swapping is used for the header bits.

It has been discussed within GERAN if also bit swapping should be applied to the PAN. In that case, an additional bit swapper is applied if a PAN is present in the block.

NOTE: The same interleaver is used for the data / data + PAN irrespective of PAN inclusion.

In Figure 3 the PAN bit swapping is shown for the first burst of MCS-5 (UL), which was evaluated in ‎[3].

NOTE: Due to the common interleaving of PAN and data, a separate bit swapper is needed for all bursts over which the data is interleaved.


[image: image1]
Figure 3. Bit swapping for PAN, MCS-5/6, UL in the first burst. Original burst mapping (top), Legacy bit swapping (middle), Legacy + PAN bit swapping (bottom).

It can be seen in Figure 3 that the proposed bit swapper does not place all PAN bits close to the training sequence but only swaps those bits that are in weak bit positions. The same principle has been applied to all PAN bit swappers for RED HOT A.

3 Results

The PAN performance has been investigated with a 20 bit PAN. For all MCS the impact of PAN bit swapping has been evaluated for both data and PAN.
All simulations have been run with RTTI burst mapping.

3.1 Simulations assumptions

The simulation assumptions are shown in Table 2.

Table 2. Simulation assumptions.

	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h (TU)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

	Interference/noise
	Co-channel

	Antenna diversity
	No

	Equalizer
States


16QAM
	DFSE

16

	Tx pulse shape
	Lin GMSK pulse

	Rx filter

  - Bandwidth
	RRC1
   240 kHz

	RRC rolloff
	0.3

	Simulation length
	10000 radio block per simulation point.

	Note 1: The 3 dB bandwidth of the RRC filter.


3.2 Data and PAN performance

In Table 3 the required C/I to experience 10 % data BLER is shown both with and without PAN and also with and without bit swapping of PAN.

NOTE: DAS-5–7 is not included in the evaluation since the modulation, interleaving, burst mapping and field sizes are the same as for MCS-5/6 evaluated in ‎[3], thus the same performance figures applies.

Table 3. Required C/I to experience 10 % Data BLER.
	MCS
	Data [dB]
	Loss* [dB]

	
	No PAN
	PAN no bit swap
	PAN bit swap
	PAN no bit swap
	PAN bit swap

	DAS-8
	18.2
	18.8
	19.0
	0.6
	0.8

	DAS-9
	20.9
	21.8
	21.9
	0.9
	1.0

	DAS-10
	23.9
	24.5
	24.7
	0.6
	0.8

	DAS-11**
	25.3
	26.2
	26.3
	0.9
	1.0

	DAS-12
	ffs
	ffs
	ffs
	ffs
	ffs


* The loss is presented in C/I loss [dB] compared to having no PAN.
**  For DAS-11 the C/I presented is at 20 % BLER.
The impact on data performance by appending a PAN to the data block is seen to be between 0.6 and 0.9 dB. An additional loss of 0.1 to 0.2 dB in data performance is seen by using bit swapping on the PAN.
Table 4. Required C/I to experience 1 % PAN BLER.

	MCS
	PAN [dB]
	Header
	Bit swap gain [dB]

	
	No bit swapping
	Bit swapping
	
	

	DAS-8/9
	17.8
	14.5
	12.6
	3.3

	DAS-10
	21.0
	15.4
	13.4
	5.6

	DAS-11
	20.9
	15.2
	14.9
	5.7

	DAS-12
	ffs
	ffs
	ffs
	ffs


The improvement on PAN performance by using bit swapping is between 3.3 and 5.7 dB.

Using a 20 bit PAN in combination with bit swapping makes the PAN approximately 2.0 dB less robust than the header for DAS-8/9/10 which seems reasonable.

It should be noted that the header and PAN performance is very close for DAS-11. Since the presence of a PAN is signalled in the header an alternative bit swapping has been applied, where the medium strong bit positions are not swapped. The performance is shown in Table 5. It can be seen that there is a 0.6 dB difference between the PAN and the header, which is seen more reasonable. Degrading the performance of the PAN more will result in a larger difference in PAN performance depending on the modulation used for RED HOT A. Considering that a PAN can be intended to other users than are intended for data, this seems not like a wanted behaviour.
Table 5. Required C/I to experience 1 % PAN BLER with alternative bit swapper.

	MCS
	PAN [dB]
	Header
	Bit swap gain [dB]

	
	No bit swapping
	Bit swapping
	
	

	DAS-11
	20.9
	15.5
	14.9
	5.4


4 Conclusions

The paper investigates the PAN performance on link level for RED HOT A. The performance of a 20 bit PAN has been evaluated with and without the use of bit swapping on the PAN bits. Also, the impact on data performance by using bit swapper on PAN bits has been evaluated.

It should be noted that, if bit swapping is applied for PAN, a bit swapper is needed for each burst over which the data is interleaved, since the PAN is interleaved with the data and not mapped as a separate field on a burst.

However, the bit swapping gives a PAN performance gain of 3.3-5.7 dB, while the impact on data performance is, at the most, 0.2 dB. With the use of bit swapping the PAN is approximately 2 dB less robust than the header for DAS-8/9/10.
For DAS-11 two different bit swappers have been investigated: (1) one that swaps weak and medium strong bits to strong bit positions and (2) one that only swaps the weak bit positions. It was seen that (1) gave a 0.3 dB performance difference compared to the header while (2) gave a difference of 0.6 dB. Considering the intended use of the PAN, bit swapping (2) is proposed for DAS-11.
Based on the results shown in this document it is proposed to use bit swapping on the PAN bits for RED HOT A. The bit swapper definitions can be found in ‎Annex A.
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A.1 DAS-8/9
After burst mapping the following bits are swapped:

For B = 0

Swap e(B,199) with e(B,177)

Swap e(B,163) with e(B,160)

Swap e(B,127) with e(B,120)

Swap e(B,91) with e(B,81)

Swap e(B,55) with e(B,40)

Swap e(B,446) with e(B,444)

Swap e(B,410) with e(B,405)

Swap e(B,374) with e(B,368)

Swap e(B,338) with e(B,305)

Swap e(B,302) with e(B,268)


For B = 1

Swap e(B,95) with e(B,177)

Swap e(B,59) with e(B,160)

Swap e(B,23) with e(B,120)

Swap e(B,186) with e(B,81)

Swap e(B,150) with e(B,12)

Swap e(B,230) with e(B,181)

Swap e(B,444) with e(B,444)

Swap e(B,405) with e(B,405)

Swap e(B,368) with e(B,368)

Swap e(B,305) with e(B,305)

Swap e(B,268) with e(B,268)

For B = 2

Swap e(B,190) with e(B,177)

Swap e(B,154) with e(B,160)

Swap e(B,118) with e(B,120)

Swap e(B,82) with e(B,81)

Swap e(B,46) with e(B,40)

Swap e(B,455) with e(B,444)

Swap e(B,419) with e(B,405)

Swap e(B,383) with e(B,368)

Swap e(B,347) with e(B,305)

Swap e(B,311) with e(B,268)

For B = 3

Swap e(B,86) with e(B,180)

Swap e(B,50) with e(B,160)

Swap e(B,14) with e(B,120)

Swap e(B,195) with e(B,81)

Swap e(B,159) with e(B,40)

Swap e(B,444) with e(B,444)

Swap e(B,405) with e(B,405)

Swap e(B,368) with e(B,368)

Swap e(B,305) with e(B,305)

Swap e(B,268) with e(B,268)

A.2 DAS-10
After burst mapping the following bits are swapped:

For B = 0

Swap e(B,72) with e(B,80)

Swap e(B,144) with e(B,98)

Swap e(B,216) with e(B,110)

Swap e(B,59) with e(B,158)

Swap e(B,131) with e(B,170)

Swap e(B,46) with e(B,188)

Swap e(B,351) with e(B,330)

Swap e(B,567) with e(B,363)

Swap e(B,482) with e(B,400)

Swap e(B,554) with e(B,433)

Swap e(B,397) with e(B,480)

Swap e(B,469) with e(B,503)

Swap e(B,307) with e(B,385)

For B = 1
Swap e(B,54) with e(B,80)

Swap e(B,126) with e(B,98)

Swap e(B,41) with e(B,110)

Swap e(B,257) with e(B,158)

Swap e(B,311) with e(B,450)

Swap e(B,562) with e(B,330)

Swap e(B,477) with e(B,363)

Swap e(B,549) with e(B,400)

Swap e(B,392) with e(B,433)

Swap e(B,464) with e(B,480)

Swap e(B,536) with e(B,503)

Swap e(B,379) with e(B,530)


For B = 2
Swap e(B,36) with e(B,80)

Swap e(B,252) with e(B,98)

Swap e(B,167) with e(B,110)

Swap e(B,239) with e(B,158)

Swap e(B,82) with e(B,170)

Swap e(B,306) with e(B,450)

Swap e(B,544) with e(B,330)

Swap e(B,387) with e(B,363)

Swap e(B,459) with e(B,400)

Swap e(B,531) with e(B,433)

Swap e(B,374) with e(B,480)

Swap e(B,446) with e(B,503)

Swap e(B,361) with e(B,530)


For B = 3

Swap e(B,247) with e(B,80)

Swap e(B,162) with e(B,98)

Swap e(B,234) with e(B,110)

Swap e(B,77) with e(B,158)

Swap e(B,149) with e(B,170)

Swap e(B,221) with e(B,188)

Swap e(B,64) with e(B,200)

Swap e(B,526) with e(B,330)

Swap e(B,369) with e(B,363)

Swap e(B,441) with e(B,400)

Swap e(B,356) with e(B,433)

Swap e(B,572) with e(B,480)
A.3 DAS-11
After burst mapping the following bits are swapped:
For B = 0

Swap e(B,94) with e(B,98)

Swap e(B,141) with e(B,110)

Swap e(B,39) with e(B,158)

Swap e(B,86) with e(B,170)

Swap e(B,266) with e(B,200)

Swap e(B,384) with e(B,363)

Swap e(B,431) with e(B,400)

Swap e(B,329) with e(B,480)

Swap e(B,376) with e(B,503)

For B = 1

Swap e(B,139) with e(B,98)

Swap e(B,186) with e(B,110)

Swap e(B,84) with e(B,170)

Swap e(B,131) with e(B,188)

Swap e(B,264) with e(B,200)

Swap e(B,484) with e(B,363)

Swap e(B,531) with e(B,400)

Swap e(B,429) with e(B,480)

Swap e(B,476) with e(B,503)

For B = 2

Swap e(B,239) with e(B,80)

Swap e(B,184) with e(B,110)

Swap e(B,231) with e(B,158)

Swap e(B,341) with e(B,330)

Swap e(B,529) with e(B,400)

Swap e(B,576) with e(B,433)

Swap e(B,474) with e(B,503)

Swap e(B,521) with e(B,530)

For B = 3

Swap e(B,96) with e(B,80)

Swap e(B,41) with e(B,110)

Swap e(B,229) with e(B,170)

Swap e(B,339) with e(B,330)

Swap e(B,386) with e(B,363)

Swap e(B,574) with e(B,530)

Swap e(B,331) with e(B,573)

A.4 DAS-12

Ffs.
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