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1. Introduction

For the channel quality reporting, it is important to obtain channel quality parameters that are good enough to reflect the wireless channel status during the reporting period. This paper points out the difference between procedures existing in BTTI configuration and ones described in [1] in terms of MS implementation. It also proposes how to obtain channel quality parameters in RTTI configuration with the time unit of 20 ms while keeping as little change on existing MS implementation as possible. In addition, it is proposed to discuss and decide how to report channel quality parameters in RTTI configuration in order to provide the information of wireless channel status on two PDCHs to the network.
2. MEAN_BEP and CV_BEP in RTTI configuration
2.1 Difference between existing procedures and procedures described in [1]
How to get channel quality parameters in BTTI configuration is described in ANNEX A. In summary, an MS measures bit error probabilities (BEPs) on four received bursts which n-th radio block
 consists of, calculate the mean and the covariance of measured BEPs on four bursts and then performs filtering with the forgetting factor to get the channel quality parameters per timeslot and per modulation scheme. This filtering takes place every 20 ms regardless of whether there are radio blocks intended to the MS on that time. And then when it’s time to report the overall channel quality parameters per modulation scheme, the MS applies channel quality parameters per timeslot into Equation 6 and Equation 7 in order to obtain channel quality parameters which are periodically reported.
The channel quality reporting is necessary to let the network know radio status and choose the best modulation and coding scheme for the upcoming transmission. Considering randomly changeable radio environment, it’s very important to reflect the radio status as exactly as possible during the reporting period. With Equation 4 and Equation 5 in ANNEX A, the network could adjust the ratio of past calculated channel quality parameters and present calculated ones with the forgetting factor. In terms of time aspect related to the filtering, the duration of the past value is 20*(n-1) ms and the duration of the present value is 20 ms in Equation 4 and Equation 5 considering the effect of the forgetting factor. Four bursts intended to the MS could be regarded as bursts received at the same time because the time unit of 20 ms could be regarded as “present time” and the value at the present time for the filtering is the equally averaged BEP over 20 ms. These principles could be applied in RTTI configuration as well as in BTTI configuration because they are taken into account to obtain “statistical parameters” which reflect wireless channel status as exactly as possible during the reporting period.
The proposal described in [1] processes all procedures based on the time unit of 10 ms to get channel quality parameters per timeslot. Figures in ANNEX B show the difference of “past time” and “present time”
 between existing procedures and procedures described in [1]. The filtering based on the time unit of 10 ms would cause the effect of past values to disappear faster than the one based on the time unit of 20 ms. If the value of the forgetting factor is smaller to keep the effect of past values a bit longer, it would cause the effect of present value to be decreased. Therefore, it should be investigated if values of the forgetting factor specified in 3GPP TS 45.008 could be re-used for filtering based on the time unit of 10 ms before GERAN decides if the proposal described in [1] is agreeable. As explained above, the principles related to the time unit of 20 ms as “present time” could be applied in RTTI configuration as well as in BTTI configuration considering that all procedures are on how to get statistical values with measured values. In that case, there is no need to change anything on the forgetting factor specified in 3GPP TS 45.008 for channel quality parameters in RTTI configuration.
In addition, the proposal in [1] would cause changes on existing implemented solutions to get the channel quality parameters without any expected benefit in terms of the throughput or performance. For example, an MS should calculate the mean and the covariance of BEPs measured from two PDCHs every 10 ms which means that square root operation and the division operation should be processed every 10 ms.
2.2 How to get channel quality parameters with the time unit of 20 ms in RTTI configuration
Channel quality parameters in RTTI configuration could be obtained with the time unit of 20 ms to have as less impact on existing implemented solutions as possible and to make the square root operation and the division operation take place every 20 ms like in BTTI configuration.
Considering existing procedures based on the time unit of 20 ms, 20 ms could be regarded as “present time” which means that bursts received during the present time could be regarded as ones received at the same time. If the mean and the covariance of measured BEPs could be calculated every 20 ms for RTTI configuration, existing procedures based on the time unit of 20 ms could be applied with values of the forgetting factor specified in 3GPP TS 45.008. 

For channel quality parameters in RTTI configuration, it is proposed to use Equation 1a and Equation 2a instead of Equation 1 and Equation 2 given in ANNEX A. It is assumed that the channel quality parameters are calculated per timeslot and a PDCH-pair consists of PDCH1 and PDCH2. And then, next procedures to obtain the reported channel quality parameters would be processed with Equation 3 to Equation 7 given in ANNEX A based on the time unit of 20 ms. It should be noted that all procedures are handled based on the time unit of 20 ms per timeslot even in RTTI configuration.
Equation 1a:
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Equation 2a:
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where


m is 4 if there are two radio blocks with the same modulation scheme intended to the MS over 20 ms and m is 2 if there is a single radio block intended to the MS over 20 ms.
xa and xb denote the existence of ath and bth bursts for (i/2)th or ((i/2)+1)th radio block. Values of xa and xb, 1 and 0 denote the existence and absence of the burst in the radio block, respectively.
ANNEX C shows the MEAN_BEPblock and CV_BEPblock per PDCH in RTTI configuration on three possible scenarios according to Equation 1a and Equation 2a.
In summary, with the proposed equations above, the procedures for channel quality parameters in RTTI configuration could be processed based on the time unit of 20 ms and then the forgetting factor specified in 3GPP TS 45.008 could be used in RTTI configuration as well as in BTTI configuration as it is. In addition, the amount of division operation and square root operation would be the same as that in existing procedures.
2.3 Channel quality reporting in RTTI configuration

Procedures described in [1] are proposed to obtain channel quality parameters per PDCH-pair every 10 ms instead of channel quality parameters per timeslot every 20 ms. However, it could cause the loss of time diversity between two PDCHs and lots of changes in existing procedures without any benefit of performance or throughput as explained in subsection 2.1. With proposed equations given in subsection 2.2 and Equation 3 to Equation 5 given in ANNEX A, the MS could get the channel quality parameters per timeslot in RTTI configuration. It is assumed that a PDCH-pair consists of PDCH1 and PDCH2.
For channel quality reporting in RTTI configuration, there are largely two possible ways GERAN could take into account as follows:
1. The MS reports MEAN_BEP_TN on PDCH1 and MEAN_BEP_TN on PDCH2 respectively

2. The MS reports the single MEAN_BEP_TN for a PDCH-pair

First option is the same way as legacy reporting procedures and the network would decide how to make use of reported values in order to choose the proper modulation and coding scheme for both PDCH1 and PDCH2 at the same time. With this option, there is no additional change on legacy MS’s procedures and there is no restriction on algorithms which would be used by the network in order to choose a proper modulation and coding scheme for a PDCH-pair.
Second option is a new way for RTTI configuration and the MS would decide how to make use of two calculated values for a PDCH-pair in order to report the single MEAN_BEP_TN to the network. With this option, an additional new procedure needs to be specified to get the single MEAN_BEP_TN from two values calculated from two PDCHs respectively in terms of MS’s implementation and the MS would send the channel quality reporting to the network either by the channel related to PDCH1 or by the channel related to PDCH2. In addition, this approach would restrict algorithms to be used by the network which means that it might be impossible for the network to use optimized algorithm of choosing the proper modulation and coding scheme for a PDCH-pair.
For the second option, there are three possible solutions to get the single MEAN_BEP_TN as follows:

1. The MS reports MEAN_BEP_TN of the PDCH which has the worse MEAN_BEP_TN than the other PDCH.
2. The MS reports MEAN_BEP_TN of the PDCH which has the better MEAN_BEP_TN than the other PDCH.
3. The MS reports the averaged value of MEAN_BEP_TN on PDCH1 and MEAN_BEP_TN on PDCH2.
Reported channel quality parameters could be regarded as the representative bit error probabilities for assigned physical channels during the reporting period. In terms of the bit error probability, reporting the worse value would be better because the network would overestimate wireless status if other values (i.e. the better or the averaged) would be reported. If it’s agreeable to send the single MEAN_BEP_TN for a PDCH-pair, the first solution of the second option is preferable to be used for the channel quality reporting per timeslot in RTTI configuration. In that case, the network would get less information from the MS with the second option than with the first option which means that there might be kind of performance degradation compared to the performance by the first option.
3. Proposal
This paper pointed out the difference between existing procedures and procedures described in [1] and proposed equations on the mean and covariance of measured BEPs in RTTI configuration which would make it possible to get channel quality parameters per timeslot while keeping the time unit of “present time” as 20 ms.

In addition, it is proposed to discuss which way is agreeable in GERAN between two following ways:
· To report the channel quality parameter per timeslot on two PDCHs respectively
· To report the single channel quality parameter per a PDCH-pair
If the second way is agreeable in GERAN, it is also proposed to discuss which solution is agreeable in GERAN among three following solutions:
· The MS reports MEAN_BEP_TN of the PDCH which has the worse MEAN_BEP_TN than the other PDCH.

· The MS reports MEAN_BEP_TN of the PDCH which has the better MEAN_BEP_TN than the other PDCH.

· The MS reports the averaged value of MEAN_BEP_TN on PDCH1 and MEAN_BEP_TN on PDCH2.

A drafted CR for 3GPP TS 45.008 is provided in ANNEX D and ANNEX E which might need to be revised depending on the conclusion made at GERAN#38.
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GP-080042, “Channel quality measurement in RTTI configuration,” Huawei, GERAN#37, Seoul, 18th – 22nd February 2008
ANNEX A. How to get BEP and how to calculate MEAN_BEP and CV_BEP in 3GPP TS 45.008

A.1. Physical parameter for EGPRS channel quality reporting

For EGPRS channel quality reporting, the received signal quality for each PDCH shall be measured on a burst-by-burst by the MS that can be related to the bit error probability (BEP) for each burst before channel decoding. In other words, the bit error probability (BEP) measured on a burst-by-burst is the physical parameter for EGPRS channel quality reporting and with BEPs measured on a burst-by-burst, the MS shall calculate statistical parameters, i.e. MEAN_BEP and CV_BEP.
A.2. Statistical parameters for EGPRS channel quality reporting

For calculating statistical parameters, the MS shall keep measured BEPs in the memory for a while until all BEPs are measured from four bursts per PDCH and then can calculate the MEAN_BEPblock and CV_BEPblock.
MEAN_BEPblock and CV_BEPblock of n-th radio block consisting of 4 bursts is as follows:
Equation 1: 
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 is the BEP measured from the burst i (i = 1,2,3,4)
Equation 2: 
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[image: image6.emf]Continuous time axis
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Figure A.1. The mapping of continuous time to discrete time
For EGPRS TBF mode, the MS shall measure the BEP on a burst by burst, calculate MEAN_BEPblock (by Equation 1) and CV_BEPblock (by Equation 2) of a radio block and then individually average them per PDCH and per modulation scheme every 20 ms as follows:
Equation 3: 
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Equation 4: 
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Equation 5: 
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where n is the iteration index, incremented per each downlink radio block

Rn denotes the reliability of the filtered quality parameters for the respective modulation scheme.

e is the forgetting factor given by the network.

xn denotes the existence of quality parameters for the nth block for the respective modulation scheme, i.e. if the radio block is intended for this MS. xn values 1 and 0 denote the existence and absence of quality parameters, respectively.

In case the MS need to report the channel quality per timeslot, the values obtained by Equation 4 and Equation 5 are reported. Figure B.1 in ANNEX B shows how to take the past value (black colored boxes) of MEAN_BEP_TNn-1 and the present value (blue colored box) of MEAN_BEPblock,n as an example assuming there are continuous radio blocks received. In terms of time basis, the duration of the past value is 20*(n-1) ms and the duration of the present value is 20 ms. Four bursts used to get MEAN_BEPblock,n could be regarded as bursts received at the same time because the forgetting factor is applied based on the time unit of 20 ms though four bursts are actually received in different time, not at the same time. Figure A.1 explains the concept of this principle and how to convert the continuous time axis to the discrete time axis. Equation 4 and Equation 5 are processed on the discrete time axis in Figure A.1.
With the outcomes of Equation 4 and Equation 5 from all assigned PDCHs (timeslots), an MS shall calculate the overall MEAN_BEPn and CV_BEPn per modulation scheme as the average over all assigned channels (timeslots) since the last reporting as follows:

Equation 6: 
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n = the iteration index at reporting time
Equation 7: 
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j = the channel number
In case the MS need to report the channel quality over all assigned timeslots, the values obtained by Equation 6 and Equation 7 are reported.

The iteration index, n, is incremented per each downlink radio block which means that an MS calculates the MEAN_BEP_TNn and CV_BEP_TNn per PDCH and per modulation scheme whenever 20 ms is passed and then it computes MEAN_BEPn and CV_BEPn per modulation scheme to be reported to the network when it’s time to be reported. 
ANNEX B Procedures to obtain MEAN_BEP_TN in BTTI configuration and in RTTI configuration proposed in [1]
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Figure B.1. Past time and present time of MEAN_BEP in BTTI configuration based on the existing procedures
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Figure B.2. Past time and present time of MEAN_BEP in RTTI configuration based on the proposal described in [1].

ANNEX C MEAN_BEPblock and CV_BEPblock per PDCH in RTTI configuration
	PDCH1
	PDCH2
	MEAN_BEPblock
	CV_BEPblock
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	NOTE:


[image: image26.emf]: No data or burst using a different modulation scheme from the modulation scheme A


[image: image27.emf]: A burst in the radio block B(i, i’, (i+1), (i+1)’) using the modulation scheme A

[image: image28.emf]: A burst in another radio block B((i+2), (i+2)’, (i+3), (i+3)’) using the modulation scheme A


ANNEX D Drafted CR for 3GPP TS 45.008

8.2.3.2
MEAN_ BEP and CV_BEP

In A/Gb mode, for TCH, E-TCH, O-TCH, FACCH and O-FACCH, and in Iu mode, for TCH, E-TCH, O-TCH, FACCH, O-FACCH, PDTCH on DBPSCH, the MS shall calculate the mean bit error probability and the coefficient of variation of the bit error probability as defined below for the last 4 consecutive slots of each fully received and correctly decoded block (see subclause 8.4.8.2) and for all SDCCH and SACCH blocks. The coefficient of variation of the bit error probability is not calculated for SACCH/T blocks.

Note:  The coefficient of variation of the bit error probability is of less interest in the SACCH/T case as the four SACCH bursts are non-consecutive.

For FLO in Iu mode, the MS shall calculate the mean bit error probability and the coefficient of variation of the bit error probability as defined below for the last 4 consecutive slots of each fully received and correctly decoded radio packet on DBPSCH. When a radio packet is received with a TFC for which at least one transport channel that uses a CRC is active, the radio packet is considered as correctly decoded if at least one CRC is correct. When a radio packet is received with a TFC where no transport channel uses a CRC, the radio packet is always considered as correctly decoded.

· 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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Note:
The receiver needs to detect if a block (or radio packet in case of FLO) has been fully received (i.e. estimate whether it was fully transmitted) when DTX is used because a block (or radio packet in case of FLO) may be correctly decoded even if the last 4 slots were actually not transmitted, especially in the case of 19 interleaving.

The calculated values shall be averaged (on a linear scale) over the reporting period as follows:

MEAN_BEP = average of MEAN_BEPblock.

CV_BEP = average of CV_BEPblock.

In averaging, measurements made during previous reporting periods shall always be discarded.


· 


· 


For EGPRS, the MS shall calculate the following values per the channel (timeslot) addressed to it:

-

Mean Bit Error Probability (BEP):
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Coefficient of variation of the Bit Error Probability:


[image: image34.wmf]å

å

å

=

=

=

×

÷

ø

ö

ç

è

æ

×

-

×

-

=

4

1

4

1

2

4

1

1

1

)

1

(

1

_

a

a

burst

a

b

a

a

burst

a

b

burst

b

block

BEP

x

m

BEP

x

m

BEP

x

m

BEP

CV


where


In BTTI configuration, m is 4 and values of xa and xb, are all 1 (a, b = 1, 2, 3, 4).
In RTTI configuration, xa and xb denote the existence of the burst in each channel (timeslot) of a PDCH-pair and m denotes the number of bursts in each channel of a PDCH-pair over 20 ms. 
m is 4 and all values of xa and xb are 1 if there are two RTTI radio blocks with the same modulation scheme over 20 ms. 
m is 2 if there is a single RTTI radio block over 20 ms. In this case, values of xa and xb, 1 and 0, denote the existence and absence of the burst in each channel of a PDCH-pair.

Note:
If there are two consecutive RTTI radio blocks using the same modulation scheme, the MS shall calculate the MEAN_BEPblock per timeslot with BEPs from 4 bursts in each channel over 20 ms. In case there is a single RTTI radio block over 20 ms, the MS shall calculate the MEAN_BEPblock per timeslot with BEPs from 2 bursts in each channel over 20 ms.
Filtering and reporting are described in subclause 10.2.3.2.

ANNEX E Another drafted CR for 3GPP TS 45.008

8.2.3.2
MEAN_ BEP and CV_BEP

In A/Gb mode, for TCH, E-TCH, O-TCH, FACCH and O-FACCH, and in Iu mode, for TCH, E-TCH, O-TCH, FACCH, O-FACCH, PDTCH on DBPSCH, the MS shall calculate the mean bit error probability and the coefficient of variation of the bit error probability as defined below for the last 4 consecutive slots of each fully received and correctly decoded block (see subclause 8.4.8.2) and for all SDCCH and SACCH blocks. The coefficient of variation of the bit error probability is not calculated for SACCH/T blocks.

Note:  The coefficient of variation of the bit error probability is of less interest in the SACCH/T case as the four SACCH bursts are non-consecutive.

For FLO in Iu mode, the MS shall calculate the mean bit error probability and the coefficient of variation of the bit error probability as defined below for the last 4 consecutive slots of each fully received and correctly decoded radio packet on DBPSCH. When a radio packet is received with a TFC for which at least one transport channel that uses a CRC is active, the radio packet is considered as correctly decoded if at least one CRC is correct. When a radio packet is received with a TFC where no transport channel uses a CRC, the radio packet is always considered as correctly decoded.

· 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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Note:
The receiver needs to detect if a block (or radio packet in case of FLO) has been fully received (i.e. estimate whether it was fully transmitted) when DTX is used because a block (or radio packet in case of FLO) may be correctly decoded even if the last 4 slots were actually not transmitted, especially in the case of 19 interleaving.

The calculated values shall be averaged (on a linear scale) over the reporting period as follows:

MEAN_BEP = average of MEAN_BEPblock.

CV_BEP = average of CV_BEPblock.

In averaging, measurements made during previous reporting periods shall always be discarded.

For EGPRS in BTTI configuration, the MS shall calculate the following values for each radio block (4 bursts) addressed to it:

· Mean Bit Error Probability (BEP) of a radio block:
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· Coefficient of variation of the Bit Error Probability of a radio block:
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For EGPRS in RTTI configuration, the MS shall calculate the following values per the channel (timeslot) addressed to it:

-

Mean Bit Error Probability (BEP):
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-

Coefficient of variation of the Bit Error Probability:
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where


xa and xb denote the existence of the burst in each channel (timeslot) of a PDCH-pair and m denotes the number of bursts in each channel of a PDCH-pair over 20 ms. 
m is 4 and all values of xa and xb are 1 if there are two RTTI radio blocks with the same modulation scheme over 20 ms. 
m is 2 if there is a single RTTI radio block over 20 ms. In this case, values of xa and xb, 1 and 0, denote the existence and absence of the burst in each channel of a PDCH-pair.

Note:
If there are two consecutive RTTI radio blocks using the same modulation scheme, the MS shall calculate the MEAN_BEPblock per timeslot with BEPs from 4 bursts in each channel over 20 ms. In case there is a single RTTI radio block over 20 ms, the MS shall calculate the MEAN_BEPblock per timeslot with BEPs from 2 bursts in each channel over 20 ms.
Filtering and reporting are described in subclause 10.2.3.2.

� It is assumed that n-th radio block is intended to the mobile station.


� In ANNEX B, the black-colored box and the blue-colored box mean the past value and the present value used to perform the filtering with the forgetting factor assuming there are continuously received radio blocks intended to the MS. The time unit of the present time in figure B.1 is 20 ms and the time unit of the present time in figure B.2 is 10 ms.


� After reaching the agreeable conclusion at GERAN#38, the CR would be drafted in another Tdoc during the meeting.


� Figure B.2 shows procedures in terms of one PDCH of a PDCH-pair. The other PDCH is also taken into account together with one PDCH in order to get MEAN_BEPblock,n and MEAN_BEP_TNn according to [1].


� The modulation scheme, i.e. A, is one of GMSK, QPSK, 8-PSK, 16-QAM and 32-QAM.
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