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Stalling in RLC acknowledged mode using Time-based FANR
1 Introduction
Several open issues remain relating to the possibility of a receiver incorrectly believing a decoded PAN to be correct i.e. the CRC is valid, even though the PAN field (and/or the CRC) are in error.

The two issues are:

· the coding of TB-FANR. Whether the existing coding ("2-bit") should be modified to a more efficient form of coding, with variable-length codepoints ("Huffman coding", or "HC")
· how to minimize the risk that false positives cause the RLC engines to stall

This paper presents results based on link layer simulations to obtain true error patterns from false positive decodings, together with RLC-layer simulations to investigate their effect.

2 Simulation assumptions

The following assumptions have been used:

· PDCHs in each direction shared between 1 or 2 devices

· Each device has an infinite amount of data to send and receive
· TB-PANs are generated at the BTS periodically (either every 2 or every 3 radio block periods) and cover 2 PDCHs.
· SSN-PANs are used in the uplink

· WS of 256

· Simulation run for 8000 block periods (or until first stall, if earlier)
· False positive PANs (where considered) are generated at the (excessively high) probability of 0.1%, and only on TB-FANR PANs.

3 Variable-length coding vs. 2-bit coding – no False Positives

The key benfit of the variable length coding is that it is more efficient (on average), covering a higher number of radio blocks within the PAN than with the 2-bit per radio block coding.  This in turn means that, for a given rate at which PANs are sent, there is more overlap in the coverage of consecutive PANs.

In turn, this means that more PANs will cover a specific transmission. Since it is necessary for all such PANs to be lost for a stall condition to arise, the more PANs that (on average) cover a particular block, the lower the probability of such a condition arising.  As a meaningful and concrete metric, it seems that the likelihood of a stall (measured as the expected duration before a transmitter is unable to send any blocks) is an appropriate measure.
It should be remembered that stalling cannot be completely prevented when using time-based PANs, because it is possible that a series of PANs are lost and it is no longer possible to ACK a block; therefore PUANs/PDANs will be needed in any case. In this section we compare the average delay before stalling for the two coding methods when no PUANs/PDANs are sent.  This will indicate how often PUANs / PDANs need to be scheduled in order to prevent or recover from stalling. The results are shown below for MCS-2 at 10dB and for MCS-8 at 20dB
.
	
	2-bit
	HC
	Difference

	1 user, PAN every 2 BP
	907
	53,295
	5774%

	2 users, PAN every 2 BP
	707
	26,818
	3695%

	1 user, PAN every 3 BP
	203
	1,751
	761%

	2 users, PAN every 3 BP
	344
	1,115
	224%


Table 1: Average delay before first device stalling (block periods) – MCS2 @ 10dB
	
	2-bit
	HC
	Difference

	1 user, PAN every 2 BP
	318,161
	354,358
	11%

	2 users, PAN every 2 BP
	154,752
	244,573
	58%

	1 user, PAN every 3 BP
	1,224
	3,028
	147%

	2 users, PAN every 3 BP
	742
	1,565
	111%


Table 2: Average delay before first device stalling (block periods) – MCS8 @ 20dB

It can be clearly seen that HC-PANs provide a significant increase in the average delay before stalling.  This in turn means that PDANs/PUANs (which reduce the bandwidth available for data) do not need to be scheduled so frequently in order to prevent or recover from stalling.

It should also be noted that the coverage would increase for HC-PANs if there were any multiplexing with non-FANR TBFs: in this case, the shortest (1-bit) code point can be included in the PAN for all radio blocks sent as part of a non-FANR TBF. (For 2-bit coding, 2 bits is required for every block, whether or not those bits will be useful to any mobile).

4 False positive detection
In this section we consider the problem of false positives, which have been acknowledged as potentially leading to a stall condition. 
4.1 False positive characteristics
First, we point out some characteristics of false positive PANs. Because of the length of the CRC check, it is necessary that the errors cover a wide range of bits i.e. the distance from the first error to the last error must be high.  This means that it is likely that there are a high number of errored bits in any false positive.

Based on link layer simulations from which over 250 false positive patterns were obtained, the distribution of the number of errors is shown in the figure below.
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Figure 1 - Distribution of bit errors per PAN
As highlighted at G2#36bis, it is possible that HC-PANs could suffer more from false positives, due to the 'propagation' of errors through the PAN (i.e. once one bit is in error, all subsequent bits may be in error).  However, the high number of bit errors means that even in 2-bit coded PANs, the number of affected radio block reports is likely to be very high.

4.2 False positive detection
In this section, we evaluate the probability that a MS can detect a false positive. In previous contributions, a number of techniques for detecting a false positive have been considered.
For the purposes of this paper, only two very simple tests are applied:

· if a NACK is received for a block which was previously ACKED ==> false positive

· if a codepoint is detected which is inherently invalid (i.e. is only applicable when 2 or more RLC/MAC blocks were sent in a radio block, but the MS knows it only sent one) ==> false positive
The results are shown in the table below.

	
	2-bit
	HC
	Difference

	1 user, PAN every 2 BP
	99.5%
	99.3%
	0%

	2 users, PAN every 2 BP
	96.2%
	90.1%
	-6%

	1 user, PAN every 3 BP
	97.2%
	97.2%
	0%

	2 users, PAN every 3 BP
	93.5%
	82.7%
	-12%


Table 3: Probability of FP detection – MCS2 @ 10dB

	
	2-bit
	HC
	Difference

	1 user, PAN every 2 BP
	99.5%
	98.9%
	-1%

	2 users, PAN every 2 BP
	92.1%
	82.4%
	-11%

	1 user, PAN every 3 BP
	92.3%
	92.5%
	0%

	2 users, PAN every 3 BP
	74.6%
	65.6%
	-12%


Table 4: Probability of FP detection – MCS8 @ 20dB

It can be seen first of all that, in general, the probability of false positive detection is very high – it should be remembered that the probability of false positives occurring is already very low.
Here, false positive HC-PANs are slightly harder to detect than false positive 2-bit PANs, most likely for the reason described above, i.e. the propagation of errors.
Nonetheless it is clear that it would make sense to mandate RLC entities to ignore PANs which are clearly false positives – for this, the tests are straightforward, and the results (in terms of PAN detection probabilities) are good.

It should also be noted that undetected false positives do not necessarily result in a stall condition.

We can combine the results from this section and from section 3, taking the pessimistic assumption that all undetected false positives result in a stall condition.  
For example, considering MCS-2 @ 10dB the probability of false positives could be around 10-4, or once every 10,000 radio blocks, or once every 5,000 radio block periods considering 2 PDCHs. 

Considering the worst detection rate in the tables above (i.e. 93.5% for 2-bit, 82.7% for HC), suggests an undetected false positive approximately every 77,000 (for 2-bit) or 29,000 (for HC) radio block periods.  For the MCS-2 @ 10dB results in section 3, it can be seen that for the 2-bit code, the overall stalling probability is summarised below:

	
	Stalling driven by:
	Approximate periodicity of stalling

	HC, frequent polling
	Undetected false positives & Failed PANs (similar probability)
	1 / 27,000

	HC, infrequent polling
	Failed PANs
	1 / 1,000

	2-bit, frequent polling
	Failed PANs
	1 / 1,000

	2-bit, infrequent polling
	Failed PANs
	1 / 300


[maybe some simulation results will appear here to make this even more clear]
 Conclusion

Based on the simulation results above, it is proposed:
 - to adopt HC PANs in place of the 2-bit coding, due to their increased coverage, and corresponding reduction in the possibility of stalling

 - as a first step in addressing the false positive problem, to specify that false positive PANs which can be detected (i.e. the vast majority) shall be ignored.

It is FFS whether additional measures (e.g. ignoring all ACKs in PANs) would bring any additional benefit.

� Note that in the above calculations, the fact that it is impossible for a device to stall within the first WS RLC/MAC blocks was not taken into account; had this been considered, the difference would have been even higher.
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