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1. Introduction

TR 37.901 defines application layer data throughput tests for both WCDMA and LTE UE. This technical report has been written based on the request that came from GCF. The purpose of the Technical Report is to provide test methods for operators to evaluate UE application layer data throughput performance in an environment that reflects as much as possible real network conditions. Also one goal for this Technical Report is that test results should be comparable among different test systems.
In this contribution, we would like to raise discussion on link adaptation methods applied currently for CQI in TR 37.901 LTE tests since we feel that link adaptation for CQI as described in TR 37.901 require corrections since they may not fulfil the operator’s requirements that have been placed on TR 37.901.
2. Channel Quality Indicator (CQI)
2.1 Mapping of UE reported CQI and TBS 
Section B.2.2.1 of TR 37.901 defines how to map UE reported CQI and TBS in LTE:
The mapping between UE signalled CQI and the TBS used by the SS  for downlink transmissions is based on full RB allocation and wideband CQI reporting mode. 

The transport block size to be used by the SS dependent on the UE reported CQI is determined by the following steps:

1.
The SS selects the transport format corresponding to the UE reported CQI index from tables B.2.2.1-1 for the single antenna transmission case or from table B.2.2.1-2 for the dual antenna transmission case.

2.
The SS determines the transport block size based on the selected target code rate in step 1 and using radio block allocation NRB = maximum PRB for the channel bandwidth tested in accordance to the algorithm specified in TS 36.101 [13] clause A.2.1.2

NOTE:
Tables B.2.2.1-1 and B.2.2.1-2 are based on mapping between UE reported CQI index and transport format as specified in TS 36.101 [13] tables A.4-3 and A.4-3a for the single and dual antenna transmission cases.

Table B.2.2.1-1: Transport format corresponding to UE reported CQI index for the single antenna transmission case

	CQI index
	Modulation
	Target code rate 
	Imcs

	0
	out of range
	out of range
	DTX

	1
	QPSK
	0.0762
	0

	2
	QPSK
	0.1172
	0

	3
	QPSK
	0.1885
	2

	4
	QPSK
	0.3008
	4

	5
	QPSK
	0.4385
	6

	6
	QPSK
	0.5879
	8

	7
	16QAM
	0.3691
	11

	8
	16QAM
	0.4785
	13

	9
	16QAM
	0.6016
	16

	10
	64QAM
	0.4551
	18

	11
	64QAM
	0.5537
	21

	12
	64QAM
	0.6504
	23

	13
	64QAM
	0.7539
	25

	14
	64QAM
	0.8525
	27

	15
	64QAM
	0.9258
	27

	Note1:
Sub-frame#0 and #5 are not used for the corresponding requirement.


Table B.2.2.1-2: Transport format corresponding to UE reported CQI index for the dual antenna transmission case

	CQI index
	Modulation
	Target code rate 
	Imcs

	0
	out of range
	out of range
	DTX

	1
	QPSK
	0.0762
	0

	2
	QPSK
	0.1172
	0

	3
	QPSK
	0.1885
	2

	4
	QPSK
	0.3008
	4

	5
	QPSK
	0.4385
	6

	6
	QPSK
	0.5879
	8

	7
	16QAM
	0.3691
	11

	8
	16QAM
	0.4785
	13

	9
	16QAM
	0.6016
	15

	10
	64QAM
	0.4551
	18

	11
	64QAM
	0.5537
	20

	12
	64QAM
	0.6504
	22

	13
	64QAM
	0.7539
	24

	14
	64QAM
	0.8525
	26

	15
	64QAM
	0.9258
	27

	Note1:
Sub-frame#0 and #5 are not used for the corresponding requirement. The next subframe (i.e. sub-frame#1 or #6) shall be used for the retransmission.


Here we spotted several problematic issues. The first step of instructions (highlighted in red colour) is actually contradicting the second step since according to step 1 the SS should select transport format in this step while step 2 says that the SS should have selected the target coding rate at step 1.

Furthermore, Tables B.2.2.1-1 and B.2.2.1-2 are only examples that are valid for 10 MHz Bandwidth when allocated resource blocks is 50 and only when number of CFI symbols allocated for PDCCH is three. However, TR 37.901 specifies test cases for all channel bandwidths and in addition it defines different number of PDCCH symbols as specified in TR 37.901 Table A.3.1-2 (there are four PDCCH symbols for 1.4MHz, three PDCCH symbols for 3 MHz and 5 MHz and two PDCCH symbols for 10 MHz, 15 MHz and 20 MHz bandwidths)

Therefore, the CQI mapping tables B.2.2.1-1 and B.2.2.1-2 are actually not valid for any TR 37.901 test case and they should be replaced with bigger set of tables that are valid for PRB, DPCCH symbol, Channel Bandwidth combinations used by TR 37.901 tests.
2.2 Follow CQI method in LTE
All TR 37.901 tests apply follow CQI method for WCDMA and LTE tests as stated in section B.2 in TR 37.901. This method was first adopted by WCDMA network vendors in their real networks, and also the follow CQI method is quite widely adopted and supported by many WDCDMA test systems and it is also being used in some operators’ acceptance tests. 
While it has been recognised that current WCDMA networks may use more sophisticated link adaptation methods, operators have considered that the follow CQI needs to be used in WCDMA TR 37.901 tests since it is anyhow more realistic real network scenario than using the fixed Transport Block size.
However, there are some fundamental differences between WCDMA and LTE CQI reports sent by UE. Namely, in WCDMA system granularity between two consecutive CQI steps is 1 dB while in LTE CQI reporting granularity is 2 dB. Therefore, CQI distribution is much narrower in LTE system than in WCDMA system. Bigger granularity has also impact on observed BLER values in the UE since now BLER difference between two consecutive CQI values is much higher than in WCDMA system.

For real networks this means that they have much less information to choose suitable TRCH block size in LTE system than in WCDMA system if they are based their link adaptation only on CQI reports. In practice bigger granularity has forced LTE network vendors to apply more sophisticated link adaptation methods that configure wider range of TrCH block sizes than plain CQI report suggest to keep the BLER in target range. 
When real networks are utilising CQI reports but in addition have also mechanism to control the BLER to maximise the throughput the relevant question then is how well the plain follow CQI method then works in terms of data throughput and BLER in TR 37.901 LTE tests?
In addition, when Follow CQI method for LTE was agreed by RAN5 and introduced into TR37.901 in May 2011 it was also commented that also RAN4 is planning to create core requirements for throughput that are based on follow CQI method. However, at today RAN4 has not specified any core requirements that are based on follow CQI methods.
Therefore, we would like to raise the discussion in RAN5 that whether the currently agreed follow CQI method for LTE tests fulfils the operators requirements to create test cases that reflect the real network scenarios as close as possible given that LTE CQI reporting has two times wider granularity than in WCDMA network, LTE networks are not using plain follow CQI method, and RAN4 has not defined any throughput core requirements based on follow CQI method.
As an alternative choice for follow CQI method RAN5 could consider developing a simple link adaptation method that follows CQI but also has some additional BLER control in it.

3. Conclusions
In this document we have pointed out problematic aspects of CQI link adaptation specified in TR 37.901. We welcome any feedback and comments on the issues explained in section 2.

We recognise that problematic issues are too complex to correct in one meeting cycle, and therefore we have submitted a CR to TR 37.901 (R5-125269) to add an editor’s notes to a suitable place to remind RAN5 that there are areas where further work is needed. 

