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AMR activation – field results
1 Introduction

AMR has proven many benefits in terms of coverage, voice quality and capacity, but field monitoring studies have revealed increase of the dropped calls ratios, which variations depend upon environment, mobile penetration and traffic mobility.

This document provides a few figures from field analysis and tries to illustrate the degradation due to robustness imbalance between lower AMR codec modes and signalling channels. Some possible work-around solutions are also suggested, while waiting for ACCH channel coding to be improved.
2 Call drop analysis
2.1
Introduction
With the AMR activation over different clusters, all the usual indicators are performing within normal ranges, with the exception of call drop indicators. It is interesting to identify the root cause of these drops. Within the RF drops, it is necessary to analyze the different elements that contribute to the drop call fluctuations. The main ones studied in this document are:
· Radio Link failure or RLT – Radio Link Timeout drops: happen when SACCH blocks are not being decoded anymore. RLT drops mostly occur in coverage limited areas or under very aggressive interference situation.

· Inter-cell handover drop: these drops occur when neither a HO failure nor a HO complete message is being received in time after a HO command. They are usually occurring when the radio interface is not clear enough to perform the HO successfully because of the weak signal strength or because of a highly interfered area.
Other elements that have not been detailed in this document but are worth monitoring are LAPDm drops, which occur whenever a procedure sustained by LAPDM protocol fails, and intra-cell handover drops.

The drop ratio used in this analysis was in Drop per Erlang. But since it is preferable to work on ratios rather than absolute numbers, only relative ratios are provided below.

It should be noted that the results and trends presented hereafter are based on monitoring made on different live areas. Each area having specific characteristics in terms of:

· design and engineering strategy,
· spectrum available,
· traffic profile (numbers, mobility, offered services…),
· terrain morphology,
· AMR mobile penetration.

For this reason, this document does not claim to define strict rules with regards to AMR, but the purpose is rather to provide some general trends of the impact on network performances of AMR activation, and try to identify what are the contributors of the degradations that could be observed.

Observations have been made in a network where penetration of AMR is around 95%.

In order to make statistics over this network, different types of clusters have been selected: rural, suburban and urban.

The frequency bands used in this network are 850MHz and 1900MHz.
The monitoring was done using daily statistics, which smooth the traffic effect by averaging events spread over 24hours, but provide a general view of the performance of the network.

2.2
Cluster 1: rural 

Cluster 1, of 14 sites, is in a rural area, with low density of urbanized areas and where coverage, more than interference is the limiting factor.

Here are the drop call rates observed on that cluster.

	Total drop call rate increase with AMR activation
	+ 21%

	Contribution on total drop call rate
	Before AMR activation
	After AMR activation

	- RLT expiry
	42%
	45%

	- HO timer expiry
	21%
	22%


Table 1. Drop call values in rural area
There was a peak of drop call rate immediately after AMR activation: RLT timer was adjusted after that peak, giving the values provided in the table.

In this type of environment, RLT drop contribution is usually much higher because calls are being dragged at cell edges and the overlap between neighboring sites is less important than in urban areas. HO timer drops are less significant than in areas where the overlap is more dense, since they are directly related to users mobility.

2.3
Cluster 2: suburban 

Cluster 2, of 13 sites, is in a suburban area with spots of dense traffic and where interference is definitely the limiting factor.

Here are the drop call rates observed on that cluster.

	Total drop call rate increase with AMR activation
	+ 38%

	Contribution on total drop call rate
	Before AMR activation
	After AMR activation

	- RLT expiry
	25%
	24%

	- HO timer expiry
	48%
	58%


Table 2. Drop call values in suburban area
Here also there was a peak of drop call rate immediately after AMR activation: RLT timer was adjusted after that peak, giving the values provided in the table.
In this kind of highly interfered environment, HO drops are dominant as shown in the table, while RLT is around 25%. 
2.4
Cluster 3: urban 

Cluster 3, of 20 sites, is in an urban area where interference and indoor coverage limitations are mainly the constraining factors. Traffic (Erlang and mobility) is also an important constraint.
Here are the drop call rates observed on that cluster.

	Total drop call rate increase with AMR activation
	+ 6%

	Contribution on total drop call rate
	Before AMR activation
	After AMR activation

	- RLT expiry
	26%
	25%

	- HO timer expiry
	45%
	50%


Table 3. Drop call values in urban area
Here also RLT timer was adjusted a few days after AMR activation, giving the values provided in the table.

The respective contributions of RLT and HO timer expiry to the total drop call rate in urban environment are very similar to the cluster 2. 
In this type of environment, user profile is responsible of wider variations of the observed metrics because of:
· density of traffic (resource allocation),

· resource usage (Erlang),

· users mobility (handovers per calls),
· indoor usage (RLT and Handover failures).
There are very important variations between week and week-end traffic, the figures provided here are averaged over both periods. 

3 Solutions?
The problems encountered when activating AMR are intrinsic to its standardization, since AMR lower modes voice channels have better performances than signalling channels. Improving the channel coding of these 2 signalling channels is certainly the best solution (see [1]), but it will take some time before the new coding is implemented on both terminal and network sides.

Therefore it seems necessary to find work-around solutions in the meantime to limit as much as possible these drawbacks of AMR. There are several possibilities:
· adjusting RLT value, to reduce impact on SACCH erroneous decoding,

· limiting the use of lower codecs in some environments,
· maximising use of AMR HR, which robustness is closer to that of signalling channels,

· repeating FACCH as suggested by Ericsson already.

3.1 Possible solutions in rural environment
With AMR activation, since signalling channels are less robust than AMR low codecs, the phenomenon of user behavior leads to an increase of call drop ratio: at cell edge, while signalling is not correctly received and thus RLT counter is decreasing due to radio conditions, AMR low codecs are still able to give a fair voice quality. In similar conditions, an EFR user would realize its voice quality becoming poor, and release the call normally. But an AMR user does not hear this radio condition degradation since AMR low codecs allow a fair voice quality at low C/I. AMR user drags the communication until RLT counter reaches 0, or when it tries to hang up, one of the links is lost. 

Therefore, in rural environments, coverage limited with low traffic, a solution is to increase RLT timer, which maximizes probability to recover radio conditions without degradation of AMR user perception or leave enough time to clear properly the call when it starts to be very poor in terms of voice quality. It can compensate, to some extent the user behavior.
This modification of the timer must however be done carefully, since very large RLT timer values would result in situations where calls are still active, but SACCH cannot be decoded properly.
Another work-around is to limit the use of lower codecs in rural environments. Since increasing capacity is not the objective in these areas, and the use of lower codecs has shown to increase the drop ratio, modifying the link adaptation table in such a way to limit the lower codecs usage can be a solution.
This method has proved to bring the drop ratio down to normal levels.
3.2 Possible solutions in suburban/urban environment
As seen in tables above, suburban/urban environments suffer more from HO timer drops.

It is however difficult to see exactly where the problem is: in HO command reception, in acknowledgement reception…? 
Traces analysis is in process but conclusions could not be ready in time for GERAN#21.

Looking at the comparative performances of AMR HR and EFR, one can see that AMR HR with link adaptation and EFR provide the same level of voice quality, slightly better though for EFR. AMR-HR provides fair quality down to 9dB C/I while EFR can go down to 7dB C/I for the same quality (MOS). But both, AMR-HR and EFR are quite poor below 7dB while FACCH and SACCH performance are in a range where the BLER is not very good but still can be handled. This means that an AMR-HR user and an EFR user would have roughly the same behavior at cell edge, either will drop or will attempt to release the calls as the quality will degrade.

This leads to the conclusion that maximizing HR penetration in areas where the limiting factor is not the coverage but the C/I is a good solution. This has been tried on the field and the drop indicator did go down to a level similar to what it was before AMR activation as shown in the figure below. From a voice quality perspective, there has been no real improvement here as the objective was to lower down the drop rate. 
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Fig1: Urban area: effect of AMR HR maximisation

Repeating the FACCH is a solution that was proposed in earlier meetings, but test results of this method are not available yet.
4 Conclusion

This paper has presented some field measurements, showing the drop call increase when AMR is activated in a network with almost 100% AMR penetration. Both contributions from RLT timer and HO timer expiry were detailed, to show impact on both SACCH and FACCH.
Some work-around solutions are proposed, before improvement of ACCH channel coding is agreed in the standards. These are: adjusting RLT value, limiting the use of lower codecs, and maximising use of AMR HR.
More studies are undergoing on the field, in order to have a better understanding of the problems.
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