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Link quality reporting for the two most relevant modulation schemes
1. Introduction

At GERAN#38, the use of all 7 modulation schemes (GMSK, 8-PSK, 16-QAM and 32-QAM at NSR and QPSK, 16-QAM and 32-QAM at HSR) was allowed in downlink for EGPRS2-B in order to improve the multiplexing with EGPRS and EGPRS2-A DL MS. This document focuses on the implications to the overall BEP reporting rather than the per timeslot reporting.

According to 44.060 table 11.2.7.2 (EGPRS2_LINK_QUALITY_MEASUREMENT_MODE), there are two options for reporting link quality parameters:

1. Reporting all modulation schemes with which the MS has received radio blocks addressed to it since the previous report.

2. Reporting only those 2 modulation schemes with which it has received most of the radio blocks. 

Reporting the link quality parameters (cf. 44.060 section 12.5a) for all modulation schemes would require up to 3x(1+5+3)=27 additional bits for signalling the three additional modulation schemes with their MEAN_BEP and their CV_BEP in an EGPRS BEP Link Quality Measurements Type 2 IE, and this would be too large a signalling overhead. 

Even for the case where only 2 modulation schemes are reported, a change of the signalling is needed to allow for signalling the additional combinations of modulation schemes. This, however, can be accomplished without increasing the message size by 

· signalling the selected modulation schemes whose link quality is reported (selecting up to 2 modulations schemes out of 7 would need 5 bits – see annex) and

· then signalling the corresponding MEAN_BEP and CV_BEP of the selected modulation schemes (each modulation scheme needs a total of 8 bits for signalling MEAN_BEP and CV_BEP).

In the case of multiplexing an EGPRS2-B DL MS with an EGPRS MS and an EGPRS2-A DL MS, there may be easily four different modulation schemes in use even under stable radio conditions, e.g.

· 16-QAM (HSR) with DBS-7 if there is neither USF nor PAN multiplexing,

· 16-QAM (NSR) with DAS-8 if there is PAN or USF multiplexing with the RED HOT A MS,

· 8-PSK with DAS-5 if there is PAN or USF multiplexing with the EGPRS MS,

· GMSK with CS-1 in control (e.g. packet uplink ack/nack) messages.

Reporting MEAN_BEP and CV_BEP for all modulation schemes used since the last report will lead to an undesirable reduction in remaining space for the packet downlink ack/nack message which is usually conveyed in the same message, the more so as this control message in the UL cannot be segmented.

On the other hand, if the link quality information is reported only for the 2 modulation schemes with the highest number of radio blocks received since the previous report, the report may suit neither the current channel conditions nor the preferences for the current TBF mode (e.g. HSR in EGPRS2-B). For instance, whether 16-QAM (HSR) is included in the report or not could, in the above example, depend on 

· the allocation of UL resources (USF allocation to other MS → selection of a surrogate for DBS-7) and
· block errors in uplinks with other MS (PAN transmission to other MS → again selection of a surrogate for DBS-7).

Both the above compatibility aspects may limit the use of DBS-5...12 such that 8-PSK and QAM at NSR are used more frequently. Hence, to ensure that the link quality report is useful for the link adaptation, the numbers of radio blocks received using the different modulation schemes is insufficient as a criterion. Additional criteria are needed to ensure in the above example that the link quality for the preferred modulation scheme 16-QAM (HSR) is reported. 

2. Criteria for selecting the modulation schemes
2.1 Discrimination of control blocks
When CS-1 or MCS-0 is used (which, in EGPRS and EGPRS2, is only the case for control messages), the modulation scheme is not under the control of the link adaptation. Although the BEP estimation of these blocks will continue to be included in the BEP estimations for GMSK, these blocks need not be counted in the same way as MCS-1...4 to determine the most often received modulation schemes. This is to avoid that, because of control blocks, GMSK outnumbers more attractive modulation schemes in terms of number of radio blocks received during the reporting period.
2.2 Preference of the 'normal' modulation schemes in an EGPRS2-B DL TBF
Assuming that a link adaptation for EGPRS2-B DL will search the best modulation and coding scheme out of MCS-1...4/DBS-5...12 and, if needed for compatibility, map the chosen modulation and coding scheme to one of the MCS or DAS using a look-up table, GMSK and the modulation schemes at HSR should be preferred in the link quality report over 8-PSK and QAM at NSR.
2.3 Link performance under the current radio conditions
A more useful criterion than the numbers of radio blocks received using the different modulation schemes is to rank the modulation schemes according to their link performance. Those which are expected to give the best link performance under the current channel conditions are ranked the highest. For each channel condition, there will be at most 2 modulation schemes out of:

-
GMSK,

-
8-PSK,

-
16-QAM (NSR) and

-
32-QAM (NSR)

in the case of EGPRS2-A DL or

-
GMSK,

-
QPSK,

-
16-QAM (HSR) and

-
32-QAM (HSR)

in the case of EGPRS2-B DL 
that provide a useful trade-off between throughput and latency. For the LA, the link quality of these two modulation schemes would be the most interesting to report. 

One option could be to define for each modulation scheme a MEAN_BEP range for which the modulation scheme is attractive. This can be implemented by identifying a MEAN_BEP range for each modulation scheme around the interval where the respective modulation scheme's modulation and coding schemes contribute to the ideal LA curve.

The ranges should be specified with a sufficient margin to cover different MS receiver performances. Some margin will also be needed to take into account any potential low delay requirements (e.g. for conversational services) or high throughput requirements (e.g. for best effort services). 

If the MEAN_BEP is outside the range defined for a modulation scheme, other modulation schemes are expected to provide better link performance.

3. Proposed solution
The MS creates an ordered list where the modulation schemes are ranked according to

· whether the respective MEAN_BEP is inside the attractive MEAN_BEP range for the respective modulation scheme,

· the number of radio blocks received during the reporting period using the respective modulation scheme, excluding radio blocks with MCS-0 and CS-1,

· in an EGPRS2-B DL TBF, whether the modulation scheme is from GMSK and HSR on the one side or from 8-PSK and QAM at NSR on the other side.

3.1 Example for an EGPRS2-B DL TBF
In this subsection, an example is given how the modulation schemes for which the link quality is reported could be selected in the case of EGPRS2-B DL. It is proposed to first group the modulation schemes into a coarse order by assigning them to classes and then to order them inside each class according to the corresponding number of radio blocks received during the reporting period.

MCS-1...4, 8-PSK, 16-QAM (NSR), 32-QAM (NSR), QPSK, 16-QAM (HSR) and 32-QAM (HSR) are grouped into the following four classes:

a)
MCS-1...4, QPSK, 16-QAM (HSR) and 32-QAM (HSR) if the MEAN_BEP is inside the respective attractive range, respectively

b)
MCS-1...4, QPSK, 16-QAM (HSR) and 32-QAM (HSR) if the MEAN_BEP is outside the respective attractive range, respectively

c)
8-PSK, 16-QAM (NSR) and 32-QAM (NSR) if the MEAN_BEP is inside the respective attractive range, respectively

d)
8-PSK, 16-QAM (NSR) and 32-QAM (NSR) if the MEAN_BEP is outside the respective attractive range, respectively

Let us assume in this example that, with a MEAN_BEP inside the respective attractive range, the modulation schemes 16-QAM (HSR), 16-QAM (NSR) and 32-QAM (NSR), and with a MEAN_BEP outside the respective attractive range, the modulation schemes 32-QAM (HSR) and 8-PSK have been received by the MS during the reporting period. After the grouping, the classes would have the following members:

a) 16-QAM (HSR)

b) 32-QAM (HSR)

c) 16-QAM (NSR), 32-QAM (NSR)

d) 8-PSK

The list above was written assuming that neither MCS-1...4 nor QPSK were used during the reporting period.

Then inside each class, the modulation schemes are ordered according to the number of radio blocks. In this example, let us assume that the order in class c) becomes:

32-QAM (NSR) (more often)

16-QAM (NSR) (less often)

Afterwards, the modulation schemes are listed in descending order of priority for the link quality report by taking first class a), then b), c) and finally d):

16-QAM (HSR)

32-QAM (HSR)

32-QAM (NSR)

16-QAM (NSR)

8-PSK

Alternatively, class c in the above list can be given a higher priority than class b. 

If MCS-1...4 was not received but CS-1 or MCS-0 was received, GMSK could be appended at the end of the list. This ensures that if GMSK is only used for control block transmission – which is of little interest for the LA – it is given lower priority in the reporting. 

16-QAM (HSR)

32-QAM (HSR)

32-QAM (NSR)

16-QAM (NSR)

8-PSK

GMSK

The link quality of the first 2 modulation schemes on the list is reported. 

These steps need only be done as far as it is necessary to determine the 2 modulation schemes with highest priority. If, for instance, the class a) which has highest priority covers already at least 2 modulation schemes, the other classes need not be determined and GMSK for CS-1/MCS-0 need not be appended. In that case, the modulation schemes for which link quality is reported would simply be the 2 modulation schemes in class a) with the highest numbers of radio blocks.
3.2 Example for an EGPRS2-A DL TBF
In this subsection, an example is given how this could be applied to EGPRS2-A DL such that link quality information for the two most relevant modulation schemes is reported. Here, the modulation schemes are grouped into two classes:

a)
MCS-1...4, 8-PSK, 16-QAM and 32-QAM if the MEAN_BEP is inside the respective attractive range, respectively

b)
MCS-1...4, 8-PSK, 16-QAM and 32-QAM if the MEAN_BEP is outside the respective attractive range, respectively

Again, each class is internally sorted according to the number of received radio blocks in descending order and the lists are concatenated (first class a), then class b)). If MCS-1...4 was not received but CS-1 or MCS-0 was received, GMSK is appended at the end of the combined priority list. Link quality information for the 2 highest ranked modulation schemes is reported.

4. Conclusion
The link quality reporting for EGPRS2-B DL must be modified to reflect the additional modulation schemes. Several ideas were proposed how the link quality reporting can be changed such that link quality information is reported for the two modulation schemes which are of highest interest for the link adaptation. Examples were presented how the ideas can be combined.

Selecting the two most relevant modulation schemes instead of the two modulation schemes with the highest number of radio blocks received during the reporting period can also be useful for link quality reporting in EGPRS2-A DL.

It is expected that the specification of the attractive MEAN_BEP range per modulation scheme will be completed in the same timeframe as the completion of the MEAN_BEP accuracy requirements.
Annex

The code words for the reported modulation schemes could be assigned as follows:

	code word
	1st modulation
	2nd modulation

	00000
	GMSK
	

	00001
	8-PSK
	

	00010
	QPSK
	

	00011
	16-QAM (NSR)
	

	00100
	32-QAM (NSR)
	

	00101
	16-QAM (HSR)
	

	00110
	32-QAM (HSR)
	

	00111
	GMSK
	8-PSK

	01000
	GMSK
	QPSK

	01001
	GMSK
	16-QAM (NSR)

	01010
	GMSK
	32-QAM (NSR)

	01011
	GMSK
	16-QAM (HSR)

	01100
	GMSK
	32-QAM (HSR)

	01101
	8-PSK
	QPSK

	01110
	8-PSK
	16-QAM (NSR)

	01111
	8-PSK
	32-QAM (NSR)

	10000
	8-PSK
	16-QAM (HSR)

	10001
	8-PSK
	32-QAM (HSR)

	10010
	QPSK
	16-QAM (NSR)

	10011
	QPSK
	32-QAM (NSR)

	10100
	QPSK
	16-QAM (HSR)

	10101
	QPSK
	32-QAM (HSR)

	10110
	16-QAM (NSR)
	32-QAM (NSR)

	10111
	16-QAM (NSR)
	16-QAM (HSR)

	11000
	16-QAM (NSR)
	32-QAM (HSR)

	11001
	32-QAM (NSR)
	16-QAM (HSR)

	11010
	32-QAM (NSR)
	32-QAM (HSR)

	11011
	16-QAM (HSR)
	32-QAM (HSR)

	11100
	reserved
	

	11101
	reserved
	

	11110
	reserved
	

	11111
	reserved
	


The first seven code words signal that link quality information is reported for only one modulation scheme.
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