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Channel quality measurement in RTTI configuration
1 Introduction

LATRED has been specified in Release 7 but it is not specified how to do channel quality measurement in RTTI configuration for EGPRS/EGPRS2. In packet transfer mode or MAC-shared state, the way of channel quality measurement is on per channel basis. The measured values can still be reported in the existing information elements to save valuable bit space in the messages. This paper proposes a solution for measurement calculation and measurement report in RTTI configuration.
2 Measurement calculation
2.1 MEAN_BEPblock and CV_BEPblock
As is pointed out in [1], according to the principle of the EGPRS Link Quality control Measurement and Filtering, the measurements should reflect the following aspects: C/I, time dispersion, velocity, and frequency hopping. The first three aspects impact the raw bit error rate, and the latter two impact the interleaving gain and hence also the choice of MCS. To cover these aspects the raw bit error probability (BEP) was proposed to be used as measure. From four BEPburst values two parameters are derived: Mean(BEP), CV(BEP).

Mean(BEP) describes the impact of the C/I, time dispersion and velocity. CV(BEP) describes how the channel quality varies to reflect interleaving gains/losses of the block (depending on the coding scheme) caused by velocity and frequency hopping.

Thus the channel quality measurement shall be made to appropriately reflect interleaving gains/losses.
In BTTI configuration, the quality parameter for BTTI block is calculated on a channel basis, i.e per PDCH. In RTTI configuration, the quality parameter for RTTI block shall be calculated from a channel comprising 4 bursts on a PDCH-pair, using the same formula as that in BTTI configuration.
The block value is calculated from the 4 bursts which are distributed over a PDCH-pair comprising a the RTTI radio block.
Mean Bit Error Probability (BEP) of the block:
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Coefficient of variation of the Bit Error Probability of the block:
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2.2 Mean bit error probability and coefficient variation of bit error probability of per channel: MEAN_BEP_TN and CV_BEP_TN
In BTTI configuration packet transfer mode or MAC_shared state, the quality parameters shall be individually averaged per channel (PDCH) and per modulation type as shown in formulas (0-x): [2]
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In RTTI configuration packet transfer mode or MAC_shared state, the radio blocks intended for an MS are RTTI radio blocks and so the network may order the MS to report the mean bit error probability per channel (PDCH-pair). The MS can calculate the mean bit error probability (MEAN_BEP_TN) and the coefficient of variance (CV_BEP_TN) per RTTI channel according to formulas (1-y): 
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Where:
n is the iteration index, incremented per 20ms filtering.

Rn denotes the reliability of the filtered quality parameters for the respective modulation type for the nth 20ms filtering. 
(Rn,a denotes the reliability of the filtered quality parameters for the respective modulation type for the first 
10ms RTTI radio block in the nth 20ms filtering. Rn,b denotes the reliability of the filtered quality parameters for the respective modulation type for the second 10ms RTTI radio block in the nth 20ms filtering.)

e is the forgetting factor defined as is specified in BTTI configuration which is already applied to a 20ms filtering.
MEAN_BEP_TNn is the mean bit error probability of the timeslot-pair value of the nth 20ms filtering.
CV_BEP_TNn is the coefficient variation of the bit error probability of the timeslot-pair value of the nth 20ms filtering.
xn,a denotes the existence of quality parameters for the first 10ms RTTI radio block in the nth 20ms filtering for the respective modulation type, i.e. if the RTTI radio block is intended for this MS. xn,a values 1 and 0 denote the existence and absence of quality parameters, respectively.
MEAN_BEPblock,n,a is the mean bit error probability of the first 10ms RTTI radio block in the nth 20ms filtering. CV_BEPblock,n,a is the coefficient variation of the bit error probability of the first 10ms RTTI radio block of the nth 20ms filtering.
xn,b denotes the existence of quality parameters for the second 10ms RTTI radio block in the nth 20ms filtering for the respective modulation type, i.e. if the RTTI radio block is intended for this MS. xn,b values 1 and 0 denote the existence and absence of quality parameters, respectively.
MEAN_BEPblock,n,b is the mean bit error probability of the second 10ms RTTI radio block in the nth 20ms filtering. CV_BEPblock,n,b is the coefficient variation of the bit error probability of the second 10ms RTTI radio block of the nth 20ms filtering.
In formula (1), MEAN_BEP_TN represents the mean bit error probability of the RTTI channel (PDCH-pair) and where TN is the lower numbered timeslot of this pair; MEAN_BEPblock represents the average bit error probability of four bursts comprising an RTTI radio block received on that RTTI channel. CV_BEP_TN represents the coefficient of variation of the bit error probability of the RTTI channel (PDCH-pair, i.e. timeslot pair) and where TN is the lower numbered timeslot of this pair, CV_BEPblock  represents the coefficient of variation of the bit error probability of an RTTI radio block received on that RTTI channel.

For example, MEAN_BEP_TN0 represents the mean bit error probability of RTTI channel and is calculated based on RTTI radio blocks (RTTI block a, and/or RTTI block b), see Figure 1.
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Figure 1  MEAN_BEPblock and CV_BEPblock of RTTI channel i.e. timeslot pair TS0&1.
The derivation of formula (1) is shown in Annex A.
2.3 Overall MEAN_BEP and CV_BEP 
The overall mean bit error probability and coefficient of variation of the bit error probability over all assigned channels can be calculated by using the already specified formula (1). 
An MS shall calculate the overall MEAN_BEP, and CV_BEP per modulation type as average over all assigned channels (timeslots or timeslot-pairs) irrespective whether blocks were received on a channel (timeslot or timeslot-pair) since it last sent a measurement report to the network as follows:
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where
n = the iteration index at reporting time



j = the channel number. When j indicates a BTTI channel, MEAN_BEP_TNn and CV_BEP_TNn (calculation formula (0)) refer to a PDCH, i.e. timeslot which is assigned in BTTI configuration. When j indicates a RTTI channel MEAN_BEP_TNn and CV_BEP_TNn (formula (1)) refer to a PDCH-pair, i.e. timeslot-pair which is assigned in RTTI configuration.
3 Measurement report
3.1 Measurement mode indication

Link quality measurement mode will be ordered in the TBF assignment message [2]. The network needs to inform the MS to report the timeslot pair measurement in RTTI configuration. The explanations highlighted in grey below need to be added to the LINK_QUALITY_MEASUREMENT_MODE IE.
LINK_QUALITY_MEASUREMENT_MODE (2 bit field)

This field determines the measurements to be included within the EGPRS Timeslot Link Quality Measurements IE or EGPRS Timeslot Link Quality Measurements Type 2 IE.

bit

2 1

0 0   The MS shall not report either interference measurements (values) or per slot (slot pair in RTTI configuration) BEP measurements.

0 1   The MS shall report available interference measurements (values) for timeslots 0 through 7. The value is defined in 3GPP TS 45.008. No per slot (slot pair in RTTI configuration) mean BEP measurements shall be reported.

1 0   The MS shall report mean BEP on each assigned time slot (slot pair in RTTI configuration). The MS shall report the mean BEP measurement corresponding to the modulation for which it has received a larger number of blocks since the previous report. The MS shall make BEP measurements only on Radio Blocks intended for it. No interference measurements (values) shall be reported.

1 1   The MS shall report mean BEP on each assigned time slot (slot pair in RTTI configuration). The MS shall report the mean BEP measurement corresponding to the modulation for which it has received a larger number of blocks since the previous report. The MS shall make BEP measurements only on Radio Blocks intended for it. In addition to mean BEP, the MS shall report interference measurements (values) for no more than four time slots. If the MS has interference measurements for more than four timeslots to report, the selection of timeslots for which measurements are included in each message is implementation specific, subject to the requirement that a measurement for each time slot, unless not available (see 3GPP TS 45.008), is included in at least every other report.

3.2 Measurement report with legacy IE

To save bit space in the packet Ack/Nack message it is better not to add new fields but reuse the legacy fields to report the measurements made in RTTI configuration. When the mean bit error probability of an RTTI channel (TNx&y) needs to be reported, MEAN_BEP_TNx shall be used where TNx is the lower numbered timeslot of TNx&y for the specified modulation. When an overall mean bit error probability and overall coefficient of variation of the bit error probability need to be reported, MEAN_BEP shall be used for the specified modulation.
The needed changes to TS 44.060 are highlighted below:

GMSK_MEAN_BEP_TN0 (4 bit field)

These fields contain the mean bit error probability value calculated on timeslots 0 through 7 for GMSK modulation, refer to 3GPP TS 45.008. These fields are transferred only when the mobile station is in packet transfer mode. In RTTI configuration the mean bit error probability value calculated on per channel basis shall be reported on GMSK_MEAN_BEP_TNx where TNx is the lower numbered timeslot of each reported RTTI channel.
4 Conclusion

In RTTI configuration, the proposed modifications of channel quality measurement calculation and reporting have been included in Tdoc [3] [4] [5] [6].
The RTTI channel quality measurement values shall be calculated based on RTTI radio blocks and per RTTI channel basis for mean bit error probability and coefficient of variation of BEP. In that way, the same algorithms for handover and power control can be applied for both BTTI and RTTI configuration. This will also make it easy for vendors to optimise the algorithms for RTTI configuration.
The measurement values shall be reported in the legacy information elements in the applicable messages [7].
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Annex A 
A.1  Basic formula for BTTI configuration 
For BTTI configuration we already have the formulas as follows:

Mean Bit Error Probability (BEP)  and Coefficient of variation of BEP  of the block:
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Mean Bit Error Probability (BEP)  and Coefficient of variation of BEP  of the assigned channel:
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Overall MEAN_BEP, and overall CV_BEP:
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In Figure 2 , if timeslots TN0 and TN1 are assigned to a mobile station we get the following formulas:
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Figure 2 MEAN_BEPblock and CV_BEPblock in BTTI configuration on TN0 or TN1
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For the overall MEAN_BEP and CV_BEP of TN0&1 the following equations can be derived:
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Here comes the derivation process:
For BTTI radio block, the overall MEAN_BEP over 2 BTTI channels (i.e. on TN0 and TN1) is:
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By using the MEAN_BEP_TN formula to substitute the corresponding items results in:
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Use the definition of Rn,0 and Rn,1: 
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Use the (n-1)th overall MEAN_BEP over TN0 and TN1, it results in:
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Still use the definition of Rn,a and Rn,b : 
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(A1-a)
then for BTTI configuration, the MEAN_BEP over TN0 and TN1 is:
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(A1-b)
Also, use the very similar derivation procedure, the CV_BEP over TN0 and TN1 for BTTI configuration is:
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(A1-c)
A.2  Basic formula for RTTI configuration 

For RTTI configuration we reuse the formula patterns from above to get the block parameters. For each RTTI radio block the following formulas are applied (same as that for BTTI configuration):
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For RTTI configuration the mean BEP or coefficient variation of BEP of the RTTI channel use the formula similar to that for the BTTI configuration on per channel basis. 
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Figure 3  MEAN_BEPblock and CV_BEPblock of RTTI channel i.e. timeslot pair TS0&1.
In Figure3 we use block ‘a’ to indicate the first 10ms RTTI radio block in the 20ms filtering on TN0&1, and block ‘b’ to indicate the second 10ms RTTI radio block in the 20ms filtering on TN0&1. 
The reliability of the filtered quality parameters for the respective modulation type for the first 10ms RTTI radio block in the nth 20ms filtering is : 
[image: image49.wmf]a

n

n

a

n

eX

e

R

,

1

,

R

)

1

(

+

-

=

-


The reliability of the filtered quality parameters for the respective modulation type for the first 10ms RTTI radio block in the nth 20ms filtering is : 
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The formula of Mean Bit Error Probability (MEAN_BEP)  and Coefficient of variation of BEP(CV_BEP)  of the assigned channel in RTTI configuration are:

the MEAN_BEP of RTTI channel of the first 10ms radio block (MEAN_BEP_TNn,a) and the MEAN_BEP of RTTI channel of the second 10ms radio block (MEAN_BEP_TNn,b):
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the CV_BEP of RTTI channel of the first 10ms radio block (CV_BEP_TNn,a) and the CV_BEP of RTTI channel of the second 10ms radio block (CV_BEP_TNn,b):
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For RTTI configuration we reuse the same formula pattern (as that for BTTI configuration) to get the overall parameter, on per channel basis:

An MS shall calculate the overall MEAN_BEP, and CV_BEP per modulation type as average over all assigned channels (PDCHs or PDCH-pairs) irrespective whether blocks were received on a channel (PDCH or PDCH-pair) since it last sent a measurement report to the network.
For the overall MEAN_BEP and CV_BEP over the 20ms filtering for RTTI configuration, the formulas are as follows: 
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Here comes the derivation process:
For RTTI radio block, the overall MEAN_BEP over 1 RTTI channel ( i.e. on TN0&1) is:
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Use the MEAN_BEP_TN formula to substitute the corresponding items, then it results in:
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(A2-a)
then for RTTI configuration, the MEAN_BEP over the RTTI channel is:
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(A2-b)

Also, use the very similar derivation procedure, the CV_BEP over the RTTI channel is:
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(A2-c)
It can be easily concluded that formula(A1) and formula(A2) both have the same pattern. i.e.: the same formula pattern of MEAN_BEP and CV_BEP can be applied to both BTTI and RTTI configuration.
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