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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 needs to be modified from per timeslot to per timeslot pair. The measured values can still be reported in the existing information elements to save the valuable bit space in the messages.
2 Measurement calculation
2.1 MEAN_BEP and CV_BEP
1. Mean bit error probability of per timeslot pair

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 timeslot pair instead per timeslot. The MS can calculate the mean bit error probability per timeslot pair by deriving MEAN_BEP_TN according to formula (1) [1]. 
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In formula (1), MEAN_BEP_TN will represent the mean bit error probability of the timeslot pair where TN is the lower numbered timeslot of this pair, MEAN_BEPblock will represent the average bit error probability of four bursts composing an RTTI radio block received on that timeslot pair. For example, MEAN_BEP_TN0 represents the mean bit error probability of timeslot pair TS0&1 and is calculated based on RTTI radio blocks, see figure 1.
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Figure 1 Mean bit error probability of TS0 in BTTI configuration (left) and timeslot pair TS0&1 in RTTI configuration (right).
2. Coefficient of variation of the bit error probability of per timeslot pair 
The coefficient of variation of the bit error probability per timeslot pair can be calculated in the same way as the mean bit error probability per timeslot pair by using formula (2) [1]. 
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In formula (2), CV_BEP_TN will represent the coefficient of variation of the bit error probability of the timeslot pair where TN is the lower numbered timeslot of this pair, CV_BEPblock will represent the coefficient of variation of the bit error probability of an RTTI radio block received on that timeslot pair.
Moreover, the overall MEAN_BEP and CV_BEP shall also be calculated over all allocated timeslot pairs.
2.2 C_value

The C_value is calculated from the measurement samples taken from the serving BCCH carrier. If PC_MEAS_CHAN indicates that measurements shall be made on PDCH the C_value shall be calculated as Cblock,n which is the mean received signal level of four bursts comprising an radio block, see formula (3)[1]. If in RTTI configuration, Cblock,n is the mean received signal level of four bursts of an RTTI radio block then no changes will be needed for the C_value in RTTI configuration.
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2.3 (CH
The (CH value is calculated by measuring the search frame and PTCCH frame per timeslot. In RTTI configuration, the interference of each timeslot may be different so the (CH value shall still be calculated per timeslot. No changes will be needed for (CH value in RTTI configuration.
The (CH value and C_value will be mapped into I_LEVEL and reported in the packet Ack/Nack message if ordered. The I_LEVEL shall be reported per timeslot because (CH value is calculated per timeslot in RTTI configuration. No changes will be needed for I_LEVEL_TN 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 green below needs 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 mean bit error probability of a timeslot pair (TNx&y) needs to be reported, MEAN_BEP_TNx shall be used where TNx is the lower numbered timeslot of pair 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. If in RTTI configuration, the mean bit error probability value calculated on per timeslot pair shall be reported on GMSK_MEAN_BEP_TNx where TNx is the lower numbered timeslot of each reported timeslot pair.
GMSK_MEAN_BEP (5 bit field)
This field contains the mean value of the Bit Error Probability of the channel averaged over all time slots (time slot pairs in RTTI configuration) in the TBF for GMSK, refer to 3GPP TS 45.008.
4 Conclusion

In RTTI configuration, the proposed modification of channel quality measurement calculation and reporting has been included in Tdoc [3] [4] [5].
The channel quality measurement values shall be calculated based on RTTI radio blocks and per timeslot pair basis such as mean bit error probability. The C_value shall be calculated by measuring downlink RTTI radio blocks only if PC_MEAS_CHAN indicates PDCH and the (CH value does not need any changes in RTTI configuration.
The measurement values shall be reported in the legacy information elements in the applicable messages [2].
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