3GPP TSG GERAN #16

Tdoc GP-031998

New York, USA

Agenda items 7.1.5.3
August 25th – 29th, 2003

Source: Ericsson


3GPP TSG GERAN #16

Tdoc GP-031998


Accuracy requirements and testing for MEAN_BEP for EGPRS – evaluation of link adaptation performance

1 Introduction

In previous contributions [1]

 REF _Ref47948192 \r \h 
[2] to TSG GERAN #15, motivations have been given as to why it is necessary to modify the accuracy requirements of the EGPRS signal quality parameter MEAN_BEP (mean bit error probability). A modification was proposed in CRs to 05.08 and 45.008 [3]

 REF _Ref47948326 \r \h 
[4]

 REF _Ref47948328 \r \h 
[5]

 REF _Ref47948329 \r \h 
[6]. The CRs were postponed in order to give time to analyse the performance impact of the proposed modification. In this contribution, such an analysis is presented.

1.1 MEAN_BEP measurement procedures for MS

In EGPRS, an MS continuously measures the link quality on the downlink. One of the quality measures is referred to as MEAN_BEP. The MEAN_BEP measurement procedures are specified in 05.08 [11]. A schematic view of the procedure is shown in Figure 1.


[image: image1.wmf] 

burst

 

burst

 

burst

 

burst

 

radio 

block

 

BEP estimation

 

BEP estimation

 

BEP estimation

 

BEP estimation

 

 

Averaging

 

BEP

 

BEP

 

BEP

 

BEP

 

 

Filtering

 

MEAN_BEP

 

Non

-

linear

 

quantisation

 

filtered MEAN_BEP

 

MEAN_BEP_0 to 

MEAN

_BEP_31 

reported to NW

 


Figure 1. Schematic view of the MEAN_BEP estimation procedure.

1.2 Current accuracy requirements

The standard 05.08 [11] states that the filtered and quantised MEAN_BEP shall have a certain accuracy when operating on a TU3 channel without frequency hopping. The filtering is done with a forgetting factor of 0.5. For each value of the true filtered and quantised MEAN_BEP, there is an allowed range of reported values, consisting of the true value plus one or two adjacent values on each side.

1.3 Proposed modification of accuracy requirements

According to the proposal, the requirements will be specified as today with the following differences:

1. The TU3 channel is replaced by a Static channel

2. The forgetting factor of the measurement filter is reduced from 0.5 to 0.1

3. The range of allowed report values is slightly increased for the lowest MEAN_BEP values (MEAN_BEP_25 to MEAN_BEP_31)

2 Discussion on proposed modification

It is important to understand whether the proposed modifications of the accuracy requirements allow a reduction of the accuracy of the MEAN_BEP estimates, and if so, if this has any impact on the link adaptation performance. Modification 1 (changing the channel profile from TU3 to static) does not relax the requirements. On the contrary, the test becomes more difficult to pass, for reasons given in [2]. To overcome this difficulty, two additional modifications have been proposed. Modification 2 (reducing the forgetting factor to 0.1 in the test) is a relaxation in the sense that larger spread in the BEP measurements is possible with a given forgetting factor. Consider e.g. an MS “A” that fulfils the requirements on a static channel with forgetting factor 0.5, and another MS “B” that fulfils the requirements on the same channel but with forgetting factor 0.1. Then MS “A” must have a smaller spread in its unfiltered MEAN_BEP estimates than MS “B”, and hence the spread in the filtered (e.g. with forgetting factor 0.1) MEAN_BEP estimates will also be larger. Modification 3 (increasing the allowed reported region for the lowest MEAN_BEP slots) is also a small relaxation.

It should be noted that the BEP estimation accuracy of MS “A” is impossible to achieve in practice, as explained in [2]. In short, the BEP estimation must be derived from the received signal samples of each burst. For instance, the soft values from the equalisation process can be used. But since the received signal quality will vary slightly even on a static channel, there is an inevitable random variation in the BEP estimations. Since the True BEP reference used in the test (the long-time average BER) is constant, there will always be a spread in the BEP estimates compared to the reference.

3 Impact on link adaptation performance

To estimate the impact of the proposed modifications of the accuracy requirements, simulations have been performed. This has been done with a link adaptation simulator, shown in Figure 2.
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Figure 2. Simulator setup for link adaptation simulations.

The simulator consists of a conventional link simulator and additional functionality for MEAN_BEP estimation and reporting, link adaptation, ACK/NACK reporting, retransmission protocol etc.

The link adaptation is based on MEAN_BEP (and CV_BEP) estimates from the receiver side. In order to compare estimates with different accuracy, a “perfect” BEP estimator is used, producing perfect BEP estimates to which a random BEP estimation error is added. This is further described in section 3.1.

To compare the performance of BEP estimators with different accuracy, they were used in link adaptation simulations in the same environment. The most important parameters are summarised in Table 1.

	Parameter
	Value

	Channel conditions
	TU3 noFH, sensitivity. No shadow fading. Average ES/N0 was varied from 5 dB to 30 dB in steps of 5 dB.

	Channel allocation
	1 TS, downlink

	Link adaptation
	Based on MEAN_BEP and CV_BEP reports from MS. Tuned to maximise throughput. All MCSs allowed. Resegmentation allowed. No incremental redundancy.

	ARQ
	Polling every 160 ms. Roundtrip delay 120 ms. RLC window size large enough to avoid stalling.

	Measurements and measurement reporting.
	According to standard, filtered with forgetting factor 0.1. Three different levels for the accuracy of BEP estimations. Reported together with ACK/NACK reports.

	Simulation length
	100000 radio blocks per simulation point.

	Receiver impairments
	Included


Table 1. Simulation parameters.

3.1 The BEP estimator model

The BEP estimator consists of a perfect BEP estimator (that outputs the true BEP for each received burst) and a statistical model for the BEP estimation error.

3.1.1 The perfect BEP estimator

The true BEP has been derived beforehand (for the particular channel over which the link adaptation simulations were run) by repeatedly transmitting bursts over the same sequence of “channel realisations” (fading according to a TU3 noFH channel). For each transmission, the BER was measured for each burst. This is illustrated in Figure 3. The uppermost curve shows the power of the impulse response over time of one timeslot on a TU3 channel. The four red circles exemplify the four bursts of one radio block. Below the curve, the burst BER measurements are illustrated as rectangles (formed into groups of four, one for each burst in a radio block). Each row corresponds to one transmission of a sequence of contiguous bursts over the fading channel. The repetition of transmission and measuring of BER is illustrated by the different rows in the figure. The true BEP was derived by averaging the BER for all transmissions (“column-wise” in the figure).
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Figure 3. Illustration of the derivation of the True BEP.

3.1.2 The BEP estimation error model

The BEP estimation error model is a statistical model that adds a random error to each perfect burst BEP estimate. By analysing estimates from a real BEP estimator, the error 
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 was found to have (roughly) a Gaussian distribution with zero mean and a standard deviation that depends on the absolute BEP according to 
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where K is a coefficient that is used to model BEP estimators with different accuracy. The BEP estimator model was further calibrated to fulfil the accuracy requirements in two cases: (1) Modification 1 only and (2) Modifications 1+2+3. The results can be found in Table 2.

	Modulation
	Modification 1
	Modification 1+2+3
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Table 2. Standard deviation of BEP estimation error.

These BEP estimators were used in the link adaptation simulations. As a reference, simulations were also run with perfect BEP estimations.

3.2 Simulation results

The results from the link adaptation simulations can be seen in Figure 4. The black curve shows throughput versus average ES/N0 for link adaptation with a BEP estimator conforming to the requirements with modification 1 only (test on static channel with forgetting factor 0.5 and the current allowed reported intervals). The blue curve shows the throughput with a BEP estimator that conforms to the requirements with modifications 1, 2 and 3 (test on static channel with forgetting factor 0.1 and an increase in allowed reported intervals for the lowest MEAN_BEP values). The red curve shows throughput with link adaptation based on perfect BEP estimations. The three curves are almost on top of each other (the small difference is probably due to statistical uncertainty in the results). As a comparison, the throughput with fixed MCS is also shown. The optimal fixed MCS was chosen for each average ES/N0. This curve shows slightly higher throughput than with link adaptation, but the difference is small. This implies that the link adaptation algorithm is well optimised.

[image: image12.wmf]
Figure 4. Throughput with link adaptation with different BEP estimation accuracy and with fixed MCS.

4 Conclusion

Modifications to the accuracy requirements for MEAN_BEP for EGPRS were proposed at TSG GERAN #15. In this contribution, the impact of the proposed modification has been evaluated. It has been shown that the BEP estimation accuracy required to fulfil the modified accuracy requirements is sufficient to give good link adaptation performance. In fact, no degradation in performance could be seen compared to link adaptation based on perfect BEP estimations.

TSG GERAN is therefore kindly asked to approve the accompanying CRs [7]

 REF _Ref49060559 \r \h 
[8]

 REF _Ref49060561 \r \h 
[9]

 REF _Ref49060562 \r \h 
[10] to 05.08 and 45.008 that introduces the mentioned modifications, in order to make the MEAN_BEP accuracy requirements both testable and feasible.
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