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Measurements for FLO

1. Introduction

On dedicated channels, radio link measurements of the downlink are made by the MS and reported to the network in the uplink. Although the algorithm for using the reports is left to implementation, the measurements and how the MS reports them is standardised [2]. In GERAN, the radio link measurements are of two kinds: signal level and signal quality. While the reporting of signal level (RXLEV) is obviously not impacted by FLO, the impacts of FLO on the signal quality reporting need to be assessed.

2. Signal Quality in GERAN

In GERAN, downlink signal quality is reported in the uplink on the SACCH via measurement reports (RXQUAL) and optionally enhanced measurement reports (RXQUAL, BEP measurements and NBR_RCVD_BLOCKS) [2] [3] [4]. While RXQUAL and BEP measurements contain information about the quality of the radio link (bit error rate before decoding), NBR_RCVD_BLOCKS tells how the radio link affects the performance of what is being sent (number of received blocks from which the block error rate after decoding can be assessed).

2.1 RXQUAL

RXQUAL (3 bits long) gives the received signal quality, averaged over the reporting period of length one SACCH multiframe (480ms). Each RXQUAL value corresponds to the estimated bit error rate before channel decoding according to the following table:

Table 1 - Range of RXQUAL
	RXQUAL
	Bit Error Rate (BER)

	0
	
	BER
	< 0.2%

	1
	0.2% <
	BER
	< 0.4%

	2
	0.4% <
	BER
	< 0.8%

	3
	0.8% <
	BER
	< 1.6%

	4
	1.6% <
	BER
	< 3.2%

	5
	3.2% <
	BER
	< 6.4%

	6
	6.4% <
	BER
	< 12.8%

	7
	12.8% <
	BER
	


2.2 BEP Measurements

On DBPSCH with enhanced measurement reporting, the MS calculates the following values for the last 4 consecutive bursts of each fully received and correctly decoded block (including SACCH blocks): the mean bit error probability and the coefficient of variation of the bit error probability. The calculated values are then averaged over the reporting period before being sent on the SACCH:

· MEAN_BEP (5 bits long) = linear average of MEAN_BEP of the fully received and correctly decoded blocks.

· CV_BEP (3 bits long) = linear average of CV_BEP of the fully received and correctly decoded blocks, excluding SACCH blocks.

2.3 NBR_RCVD_BLOCKS

On DBPSCH with enhanced measurement reporting, the MS reports on the SACCH the number of correctly decoded blocks (excluding all SID frames, RATSCCH, SACCH, PACCH and FACCH blocks). Blocks are considered as correctly decoded according the CRC received. When there is no CRC, all blocks are considered as correctly decoded. From the number of received blocks, the network can assess 

3. Signal Quality With FLO in GERAN

3.1 RXQUAL and BEP measurements

Because RXQUAL and BEP measurements are based on the bit error rate before decoding, the introduction of FLO should not have any impact. From a bit error rate before decoding point of view, FLO looks like a TCH or PDTCH: a stream of coded bits carried on bursts. As a matter of fact, we can already see in [2] that on DBPSCH, all TCHs and PDTCHs already share the same calculations, range and accuracy for RXQUAL and BEP measurements.

3.2 NBR_RCVD_BLOCKS

On one DBPSCH, the maximum number of blocks that be received during a SACCH reporting period (480ms) is 24. Thus the maximum value of the number of correctly decoded blocks is 24, and its binary representation (NBR_RCVD_BLOCKS) is 5 bits long (25 = 32 > 24).

With FLO a maximum of 24 radio packets can be received during a SACCH reporting period. But in each radio packet, more than one block (a.k.a. transport block) can be carried [1]. With a maximum of 4 transport blocks per radio packet, it is a maximum of 4 ( 24 = 96 blocks that can be correctly decoded with FLO during a SACCH reporting period. Five bits are therefore not enough to report the number of correctly decoded transport blocks with FLO.

In order to keep existing measurement reports as they are (with a 5 bits NBR_RCVD_BLOCKS) it is proposed to truncate when needed the least significant bit(s) - LSB - of the binary representation of the number of correctly decoded transport blocks. The result is then mapped to NBR_RCVD_BLOCKS. The number of truncated LSBs depends on the maximum number of correctly decoded transport blocks during a SACCH reporting period (NbTBmax). So how many transport blocks can be correctly decoded during a SACCH reporting period? 

First of all, during a SACCH reporting period, a maximum of 24 radio packets can be received. Then the maximum number of transport blocks that can be correctly decoded in a radio packet depends on the TFCS of the DBPSCH. Thus NbTBmax = 24 ( the maximum number of active transport channels (for which a CRC is used) in a TFC of the TFCS (excluding the signalling TFC [6]) of the DBPSCH. If the TFCS (excluding the signalling TFC) does not contain a TFC for which at least one transport channel that uses a CRC is active, NbTBmax becomes 24 ( the maximum number of active transport channel in a TFC of the TFCS (excluding the signalling TFC).

Figure 1 depicts an example of TFCS where 6 TFCs are defined for FLO on a DBPSCH. In this example, it is assumed that only transport channel A and transport channel C use a CRC. The maximum number of active transport channel (for which a CRC is used) in a TFC is therefore 1. Consequently, NbTBmax = 24 ( 1 = 24.

Figure 2 depicts another example of TFCS where 5 TFCs are defined for FLO on a DBPSCH. In this example, it is assumed that all transport channels A, B, C and D use a CRC. The maximum number of active transport channel (for which a CRC is used) in a TFC is therefore 3 (TFC 5). Consequently, NbTBmax = 24 ( 3 = 72.

Once the maximum number of received transport blocks is known, the number of bits that need to be truncated from the binary representation of the number of received transport blocks can easily be calculated according to Table 2.

Table 2 - Truncation
	NbTBmax
	Truncation

	0 - 31 
	none - see Table 3 in Annex 

	32 - 63
	1 LSB - see Table 4 in Annex

	64 - 96
	2 LSB - see Table 5 in Annex


When counting the number of correctly decoded transport blocks two general principles are used:

· When a radio packet is received with the signalling TFC, the transport block(s) it carries is(are) not counted. For instance on Figure 1 and Figure 2, the first TFC (TFC1) can be reserved for signalling. 

· Transport blocks are considered as correctly decoded according the CRC received. If there is no CRC, the transport block is not counted unless the TFCS (excluding the signalling TFC) does not contain a TFC for which at least one transport channel that uses a CRC is active, in which case all received transport blocks are considered as correctly decoded.

Since the number of LSB to be truncated can easily be calculated by the MS from the TFCS, there is no need to signal it. Both ends know the TFCS and both ends know how many bits are truncated from the binary representation of the number of correctly decoded transport blocks (0, 1 or 2) to fit in NBR_RCVD_BLOCKS.

If during a reporting period, the TFCS is reconfigured by higher layers, it is proposed to use the maximum value of NbTBmax among the TFCS that were used during the reporting period.
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Figure 1 - TFCS Example 1
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Figure 2 - TFCS Example 2
Conclusion

This contribution has reviewed the signal quality measurements for FLO in GERAN. The only required change concerns the report of NBR_RCVD_BLOCKS for which it is proposed to truncate LSBs when required.

The corresponding changes to 3GPP TS 45.008 are proposed in [5].
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Annex A - Truncation

Table 3 - No Truncation
	Received Blocks
	bit 5
	bit 4
	bit 3
	bit 2
	bit 1

	
	NBR_RCVD_BLOCKS

	
	bit 5
	bit 4
	bit 3
	bit 2
	bit 1

	0
	0
	0
	0
	0
	0

	1
	0
	0
	0
	0
	1

	2
	0
	0
	0
	1
	0

	3
	0
	0
	0
	1
	1

	4
	0
	0
	1
	0
	0

	5
	0
	0
	1
	0
	1

	6
	0
	0
	1
	1
	0

	7
	0
	0
	1
	1
	1

	8
	0
	1
	0
	0
	0

	9
	0
	1
	0
	0
	1

	10
	0
	1
	0
	1
	0

	11
	0
	1
	0
	1
	1

	12
	0
	1
	1
	0
	0

	13
	0
	1
	1
	0
	1

	14
	0
	1
	1
	1
	0

	15
	0
	1
	1
	1
	1

	16
	1
	0
	0
	0
	0

	17
	1
	0
	0
	0
	1

	18
	1
	0
	0
	1
	0

	19
	1
	0
	0
	1
	1

	20
	1
	0
	1
	0
	0

	21
	1
	0
	1
	0
	1

	22
	1
	0
	1
	1
	0

	23
	1
	0
	1
	1
	1

	24
	1
	1
	0
	0
	0

	25
	1
	1
	0
	0
	1

	26
	1
	1
	0
	1
	0

	27
	1
	1
	0
	1
	1

	28
	1
	1
	1
	0
	0

	29
	1
	1
	1
	0
	1

	30
	1
	1
	1
	1
	0

	31
	1
	1
	1
	1
	1


Table 4 - Truncation of the LSB
	Received Blocks
	bit 6
	bit 5
	bit 4
	bit 3 
	bit 2
	bit1

	
	NBR_RCVD_BLOCKS
	

	
	bit 5
	bit 4
	bit 3
	bit 2
	bit 1
	

	0 or 1
	0
	0
	0
	0
	0
	0 or 1

	2 or 3
	0
	0
	0
	0
	1
	0 or 1

	4 or 5
	0
	0
	0
	1
	0
	0 or 1

	6 or 7
	0
	0
	0
	1
	1
	0 or 1

	8 or 9
	0
	0
	1
	0
	0
	0 or 1

	10 or 11
	0
	0
	1
	0
	1
	0 or 1

	12 or 13
	0
	0
	1
	1
	0
	0 or 1

	14 or 15
	0
	0
	1
	1
	1
	0 or 1

	16 or 17
	0
	1
	0
	0
	0
	0 or 1

	18 or 19
	0
	1
	0
	0
	1
	0 or 1

	20 or 21
	0
	1
	0
	1
	0
	0 or 1

	22 or 23
	0
	1
	0
	1
	1
	0 or 1

	24 or 25
	0
	1
	1
	0
	0
	0 or 1

	26 or 27
	0
	1
	1
	0
	1
	0 or 1

	28 or 29
	0
	1
	1
	1
	0
	0 or 1

	30 or 31
	0
	1
	1
	1
	1
	0 or 1

	32 or 33
	1
	0
	0
	0
	0
	0 or 1

	34 or 35
	1
	0
	0
	0
	1
	0 or 1

	36 or 37
	1
	0
	0
	1
	0
	0 or 1

	38 or 39
	1
	0
	0
	1
	1
	0 or 1

	40 or 41
	1
	0
	1
	0
	0
	0 or 1

	42 or 43
	1
	0
	1
	0
	1
	0 or 1

	44 or 45
	1
	0
	1
	1
	0
	0 or 1

	46 or 47
	1
	0
	1
	1
	1
	0 or 1

	48 or 49
	1
	1
	0
	0
	0
	0 or 1

	50 or 51
	1
	1
	0
	0
	1
	0 or 1

	52 or 53
	1
	1
	0
	1
	0
	0 or 1

	54 or 55
	1
	1
	0
	1
	1
	0 or 1

	56 or 57
	1
	1
	1
	0
	0
	0 or 1

	58 or 59
	1
	1
	1
	0
	1
	0 or 1

	60 or 61
	1
	1
	1
	1
	0
	0 or 1

	62 or 63
	1
	1
	1
	1
	1
	0 or 1


Table 5 - Truncation of the two LSBs
	Received Blocks
	bit 7
	bit 6
	bit 5
	bit 4
	bit 3 
	bit 2
	bit1

	
	NBR_RCVD_BLOCKS
	
	

	
	bit 5
	bit 4
	bit 3
	bit 2
	bit 1
	
	

	0, 1, 2 or 3
	0
	0
	0
	0
	0
	0 or 1
	0 or 1

	4, 5, 6 or 7
	0
	0
	0
	0
	1
	0 or 1
	0 or 1

	8, 9, 10 or 11
	0
	0
	0
	1
	0
	0 or 1
	0 or 1

	12, 13, 14 or 15
	0
	0
	0
	1
	1
	0 or 1
	0 or 1

	16, 17, 18 or 19
	0
	0
	1
	0
	0
	0 or 1
	0 or 1

	20, 21, 22 or 23
	0
	0
	1
	0
	1
	0 or 1
	0 or 1

	24, 25, 26 or 27
	0
	0
	1
	1
	0
	0 or 1
	0 or 1

	28, 29, 30 or 31
	0
	0
	1
	1
	1
	0 or 1
	0 or 1

	32, 33, 34 or 35
	0
	1
	0
	0
	0
	0 or 1
	0 or 1

	36, 37, 38 or 39
	0
	1
	0
	0
	1
	0 or 1
	0 or 1

	40, 41, 42 or 43
	0
	1
	0
	1
	0
	0 or 1
	0 or 1

	44, 45, 46 or 47
	0
	1
	0
	1
	1
	0 or 1
	0 or 1

	48, 49, 50 or 51
	0
	1
	1
	0
	0
	0 or 1
	0 or 1

	52, 53,54 or 55
	0
	1
	1
	0
	1
	0 or 1
	0 or 1

	56, 57,58 or 59
	0
	1
	1
	1
	0
	0 or 1
	0 or 1

	60, 61, 62 or 63
	0
	1
	1
	1
	1
	0 or 1
	0 or 1

	64, 65, 66 or 67
	1
	0
	0
	0
	0
	0 or 1
	0 or 1

	68, 69, 70 or 71
	1
	0
	0
	0
	1
	0 or 1
	0 or 1

	72, 73, 74 or 75
	1
	0
	0
	1
	0
	0 or 1
	0 or 1

	76, 77, 78 or 79
	1
	0
	0
	1
	1
	0 or 1
	0 or 1

	80, 81, 82 or 83
	1
	0
	1
	0
	0
	0 or 1
	0 or 1

	84, 85, 86 or 87
	1
	0
	1
	0
	1
	0 or 1
	0 or 1

	88, 89, 90 or 91
	1
	0
	1
	1
	0
	0 or 1
	0 or 1

	92, 93, 94 or 95
	1
	0
	1
	1
	1
	0 or 1
	0 or 1

	96, 97, 98 or 99
	1
	1
	0
	0
	0
	0 or 1
	0 or 1

	100, 101, 102 or 103
	1
	1
	0
	0
	1
	0 or 1
	0 or 1

	104, 105, 106 or 107
	1
	1
	0
	1
	0
	0 or 1
	0 or 1

	108, 109, 110 or 111
	1
	1
	0
	1
	1
	0 or 1
	0 or 1

	112, 113, 114 or 115
	1
	1
	1
	0
	0
	0 or 1
	0 or 1

	116, 117, 118 or 119
	1
	1
	1
	0
	1
	0 or 1
	0 or 1

	120, 121, 122 or 123
	1
	1
	1
	1
	0
	0 or 1
	0 or 1

	124, 125, 126 or 127
	1
	1
	1
	1
	1
	0 or 1
	0 or 1
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