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Huffman Coding of Time-based FANR
1. Introduction

At G2#37bis, there were still some doubts raised over the magnitude of the benefits of using the more efficient 'Huffman' coding, compared with the existing 2-bit coding.

This paper presents some simulation results which show that the required frequency of PANs to achieve acceptable delay/loss performance of a 1-way VoIP link is significantly lower with HC PAN than with 2-bit coded PAN.

2. Assumptions:
In all of the simulations shown below, the following parameters/assumptions are used:

- Bi-directional Voice traffic generated 1 frame (= 1 RLC data block) per 20ms


- Non-persistent mode


- Delay limit of 150ms per link


- RTTI with 2 PDCH-pairs operating in each direction


- No multislot class restrictions (e.g. type 2 MS)


- 'Perfect' round-robin scheduling (if a MS has a block to send its USF will be sent)


- Tu3 idFH channel


- SSN FANR used for downlink TBFs


- TB PAN (either HC or non-HC i.e. 2-bit) for uplink TBFs

- All PANs sent with fixed periodicity
- Based on link layer simulations taking into account the impact of the presence of the PAN in initial transmissions and retransmissions

Since SSN FANR is used for the downlink TBFs, there is no significant difference in the performance of the downlink TBFs, and the significant differences are seen only for the uplink TBFs (for a given set of parameters).
3. Results in Different Scenarios
In the graphs shown below, the y-axis is the complementary cumulative distribution function (CCDF) i.e. if a line passes through a point <x1, y1>, the fraction of voice packets which arrive within a delay of x1 (or more) is given by y1.  In general, lower y values are better.

When a curve becomes horizontal (at some value y2), this means that a fraction y2 of packets were never received at the receiving end (because they were dropped by the NPM functionality, having not been acknowledged, yet were never received correctly).

Within a scenario, the only difference between plots is the periodicity with which TB PANs are sent – all other parameters are kept equal.
Generally, it is accepted that the maximum acceptable loss for VoIP service is around 1-2%.

Note that these scenarios have been selected somewhat arbitrarily; no link adaptation algorithm has been applied to optimize the performance
. The scenarios were selected to give a reasonable range of block error rates / PAN error rates.
Scenario 1: MCS-8 @ 20dB, 2 users
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With HC, a FANR period of 4 (i.e. once every 40ms) is sufficient; for 2-bit coding, a FANR period of 3 or (preferably) 2 is required.

Scenario 2: MCS-2  @ 10dB, 1 user
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With HC, a FANR period of 3 (i.e. once every 40ms) (or maybe 4) is sufficient; for 2-bit coding, a FANR period of 2 is required.

Scenario 3: MCS-3 @ 15dB, 1 user
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With HC, a FANR period of 4 (or maybe 5) is sufficient; for 2-bit coding, a FANR period of 3 is required.

Scenario 4: MCS-3 @ 20dB, 2 users
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With HC, a FANR period of 8 is sufficient; for 2-bit coding, a FANR period of 6 is required.

4. Summary and conclusion
The results from the four scenarios are summarised in the table below:
	Scenario
	MCS
	C/I
	Number of Devices
	Maximum period of PAN (HC)
	Maximum period of PAN (2-bit)
	Saving

	
	
	
	
	
	
	

	1
	8
	20dB
	2
	4
	2
	50%

	2
	2
	10dB
	1
	3
	2
	33%

	3
	3
	15dB
	1
	4
	3
	25%

	4
	3
	20dB
	2
	8
	6
	25%


The simulations show that HC-PANs require 25-50% fewer PANs than with the existing coding in order to achieve acceptable VoIP loss/delay requirements. It is expected that similar results would be observed in other traffic scenarios (there is no inherent reason why they would be different).
These results can be explained by the following:


- in good radio conditions, the probability of a PAN being in error may be very low and the opportunity for only one attempted retransmission within the latency constraint is sufficient; then, coverage of the PANs is critical, since each block need only be reported once, and higher coverage -> fewer PANs

- in poor radio conditions, PANs may be lost and more attempted retransmissions may be required within the latency constraint in order to get the overall loss rate sufficiently low.  In this case, coverage is critical to provide redundancy across multiple PANs to ensure that lost radio blocks are reported to the transmitter with high reliability. With higher coverage, for a given periodicity, any lost block will be reported in a higher number of PANs; considering that these PANs may be lost, this results in a higher probability that the transmitter receives a PAN indicating the lost data block.
The benefits of requiring fewer PANs to be sent are as follows:


- Improved performance in downlink (e.g. data BLER on initial transmission MCS8 @ 20dB is approximately 25% without PAN, but nearly 40% with PAN); 

- simpler scheduling issues when multiplexing with non-LATRED (EGPRS) mobiles (which cannot decode RLC blocks including PANs)

- reduced processing of PANs at MS (lower power consumption)
- simpler scheduling of PANs to ensure that the intended recipient is able to receive the PANs (taking into account scheduled uplink transmissions as well)

Due to the nature of Huffman coding, undetected bit errors may propagate through the PAN field.  However, simulation has shown previously that undetected bit errors would affect many bits in the PAN field in any case (on average, more than 50% of the bits) [1], making the effect of error propagation negligible.

In other investigations, the probability of false positive PANs has previously been evaluated and found to be much lower than the probability of PAN errors and/or data errors [2] and generally irrelevant when considering the performance of FANR (probability of correct reception of the PAN field is the dominating performance issue) [1].  

Finally, the possibility of any 'critical failure' (obviously only applicable to RLC acknowledged mode) due to undetected errors in a PAN has been resolved by appropriate RLC protocol modifications [3].

As a result of the above observations, it is clear that the benefits of the HC approach are signficant, while almost exhaustive evaluation of the potential drawbacks has shown no impacts.
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� This avoids dependency on the MAC protocol / allocation algorithms


� This avoids dependency on the allocation / scheduling algorithms


� Note that the VoIP performance may be significantly improved by, for example, transmitting more than 20ms of voice data per RLC block


� Note that this is underestimated in the simulations, because the downlink utilization is not 100% and many PANs are transmitted on dummy RLC/MAC blocks





