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1 Introduction

During RAN4 #25 in Secaucus, a few shortcomings of the current VRC testing approach have been identified, see [1]. The main problems are: The current VRC testing approach does not reliably assess whether a UE is reporting accurate CQI values and if each UE implementation is using the same interpretation of what the CQI value means. In particular, the current VRC testing approach cannot verify whether a UE is generating CQI reports that are in line with RAN1’s new definition of CQI. Therefore an aaugmentative VRC testing approach (A-VRC) is proposed for the purpose of verifying CQI reporting accuracy.

2 Problem

Summary of the issues identified for the current (see also detailed description in [1]) :

· At low speeds (3 kmph), the VRC testing approach only verifies that the long-term average of the reported CQI is matching the actual channel state. It is not possible to assess whether a UE is actually using excessive averaging to generate CQI reports.

· Because of the delay between the 3-slot reference period for determining the CQI report in the UE and the time when the Node B emulator has to schedule the corresponding transport format (7.5 is assumed in the simulations), the throughput results for medium speeds (30 kmph) become rather independent of the reported CQI. The same or even better throughput could be achieved if the Node B emulator scheduled just a fixed transport format. For an example see [1]. Therefore the VRC testing at 30 kmph can also not verify whether a UE is generating the correct CQI. 

· Neither the length of the time period used to determine the CQI report nor the relative delay with respect to the transmission of the CQI can be verified by VRC tests at low speeds and medium speeds. A UE that uses excessive averaging and more delay that 1 slot between measuring the channel quality and transmitting CQI would pass tests based on the current VRC approach. 

· In case of excessive averaging, a very important piece of information would be missing at the Node B scheduler: The observable channel variations. If the Node B collect statistics of the CQI reporting of UEs, it can much easier decide whether any particular UE is in rather static channel conditions or in a faster fading condition. Are the CQI reports showing a large variance, the Node B scheduler would probably be better off if it decides to schedule a transport format that corresponds to the long-term average of the reported CQI or even an a-priori determined, fixed transport format.

3 Proposed A-VRC testing approach

3.1 Basic concept

For the purpose of verifying the correct CQI reporting it is not really necessary to change the transmitted transport format in an adaptive way. This could also be done with a fixed transport format. The basic outline of the testing approach would be as follows:

· Assume that the Node B emulator always transmits a particular transport format with a corresponding CQI index of 
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 irrespective of the reported CQI. No re-transmissions will be scheduled. 

· The Node B emulator would assign each transmitted packet to the CQI that was reported from the UE closest in time to the TTI of the packet. 

· For each CQI k that was reported, the probability of a packet error shall be no greater than X(k), where X(k) is determined from simulations. The Node B emulator would just have to collect the statistics of good and bad packets separately for each CQI value instead of a global statistics over all CQIs. 

· A hypothetical throughput which is calculated from the percentages of reporting specific CQIs  shall be above a certain throughput level in order to ensure a UE is not reporting too conservative CQI values. This hypothetical throughput would be the observable throughput in an ideal system using VRC without any scheduling delay.

To elaborate a bit more on the last item:  The throughput termed “hypothetical throughput”, would be the sum over all the incremental throughputs that each reported CQI would have contributed, had the Node B emulator scheduled that CQI immediately at the time of CQI reporting. This quantity could be calculated from the percentages of occurrence of each reported CQI and the CQI-specifc PER according to
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is the probability (percentage) of occurrence of CQI with index k
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is the packet error rate for CQI k given that CQI k was transmitted 
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is the nominal data rate for CQI k
Since it would be quite elaborate to determine 
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 for each possible reported CQI  k, it is suggested to approximate 
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by using a constant value 
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 is the CQI index of the transport format that is actually transmitted at the Node B. This 
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would be measured during the test in any case. Therefore the hypothetical throughput would be determined according to:
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This simplification has the effect of decreasing the incremental throughput contributions of CQIs with indices 
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 and increasing the incremental throughput contributions of CQIs with indices 
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. In total the difference to the correct hypothetical throughput calculation appears to be reasonable small

The proposed test concept seems to be quite simple and much more along the lines of the already agreed FRC tests. This test could be repeated over a few selected transport formats of interest, see suggested combinations below.  The test shall be effective at any speed range. Advantages are:

· The UE needs to correctly report the CQI according the RAN1 definition 

· Excessive averaging would be discovered since either the PER or the hypothetical throughput limits would not be met.

· The UE could not report too conservative CQI values, since the hypothetical throughput limit would not be met.

· The UE would be forced to generate the CQI report in line with the correct 3-slot reference period without additional delays, otherwise the PER limits would not be met.

· Irrespective of what delay would eventually be used in the infrastructure, all UEs would behave the same.

· No MCC function needed in Node B emulator. This simplifies test equipment

3.2 Details on new A-VRC test proposal

The test setup for A-VRC testing, which is depicted in Figure 1, would look very similar to the FRC test setup. The Node-B emulator would transmit at a fixed given GTF. For each allocated TTI, the Node-B emulator assigns the CQI report value that was received from the UE closest in time relative to the transmit TTI, see also Figure 2 for an explanation of this. Based on the reception of error free ACK/NACK messages, the Node-B emulator can determine whether a packet was received at the UE successfully or not. With that information the Node-B emulator can collect PER statistics separately for each reported CQI value. Based on the percentages of occurrence of each reported CQI, the Node-B emulator can also calculate a hypothetical throughput as pointed out in the previous subclause.
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Figure 1Test stup for A-VRC  performance assessment
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Figure 2 Assignment of HS-DSCH TTIs to CQI reports

New reference measurement channels are proposed for deriving A-VRC requirements, see Table 2 through Table 4. The A-VRC performance of HSDPA-capable UEs in each capability category shall be assessed according to the mapping in Table 1. During the tests, each possible TTI according to the UE’s HS-DSCH category should be used. Since no retransmissions are used in the test, this would not cause any problems with SMLs in case of Categories 11and 12.

	HS-DSCH category
	Corresponding reference measurement channels

	Category 1
	H-Set 6

	Category 2
	H-Set 6

	Category 3
	H-Set 6

	Category 4
	H-Set 7

	Category 5
	H-Set 8

	Category 6
	H-Set 8

	Category 11
	H-Set 7

	Category 12
	H-Set 8


Table 1 Mapping between UE capability category and reference measurement channels

	Parameter
	Unit
	Value

	GTF (CQI index)
	
	5
	10
	15

	Peak Inf. Bit Rate
	kbps
	188.5
	631
	1659.5

	Nominal Avg. Inf. Bit Rate
	kbps
	62.8
	210.3
	553.2

	Inter-TTI Distance
	TTI’s
	3
	3
	3

	Number of HARQ Processes
	
	2
	2
	2

	Number of re-transmissions
	
	0
	0
	0

	RV selection parameters Xrv, 
	
	0
	0
	0

	Information Bit Payload (
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	Bits
	377
	1262
	3319

	Total Available SML’s  in UE
	
	19200
	19200
	19200

	Number of SML’s per HARQ Proc.
	
	9600
	9600
	9600

	Number Code Blocks
	Blocks
	1
	1
	1

	Binary Channel Bits Per TTI
	Bits
	960
	2880
	4800

	Inst. Coding Rate
	
	0.39
	0.44
	0.69

	Number of HS-PDSCH Codes
	Codes
	1
	3
	5

	Modulation
	
	QPSK
	QPSK
	QPSK


Table 2 Reference measurement channels H-Set 6 

	Parameter
	Unit
	Value

	GTF (CQI index)
	
	5
	10
	15

	Peak Inf. Bit Rate
	kbps
	188.5
	631
	1659.5

	Nominal Avg. Inf. Bit Rate
	kbps
	62.8
	210.3
	553.2

	Inter-TTI Distance
	TTI’s
	2
	2
	2

	Number of HARQ Processes
	
	3
	3
	3

	Number of re-transmissions
	
	0
	0
	0

	RV selection parameters Xrv, 
	
	0
	0
	0

	Information Bit Payload (
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	Bits
	377
	1262
	3319

	Total Available SML’s  in UE

HS-DSCH Category 4

HS-DSCH Category 11
	
	28800

14400
	28800

14400
	28800

14400

	Number of SML’s per HARQ Proc.

HS-DSCH Category 4

HS-DSCH Category 11
	
	9600

4800
	9600

4800
	9600

4800

	Number Code Blocks
	Blocks
	1
	1
	1

	Binary Channel Bits Per TTI
	Bits
	960
	2880
	4800

	Inst. Coding Rate
	
	0.39
	0.44
	0.69

	Number of HS-PDSCH Codes
	Codes
	1
	3
	5

	Modulation
	
	QPSK
	QPSK
	QPSK


Table 3 Reference measurement channels H-Set 7 

	Parameter
	Unit
	Value

	GTF (CQI index)
	
	5
	10
	15

	Peak Inf. Bit Rate
	kbps
	188.5
	631
	1659.5

	Nominal Avg. Inf. Bit Rate
	kbps
	62.8
	210.3
	553.2

	Inter-TTI Distance
	TTI’s
	1
	1
	1

	Number of HARQ Processes
	
	6
	6
	6

	Number of re-transmissions
	
	0
	0
	0

	RV selection parameters Xrv, 
	
	0
	0
	0

	Information Bit Payload (
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	Bits
	377
	1262
	3319

	Total Available SML’s  in UE

HS-DSCH Category 5-6

HS-DSCH Category 12
	
	57600

28800
	57600

28800
	57600

28800

	Number of SML’s per HARQ Proc.

HS-DSCH Category 5-6

HS-DSCH Category 12
	
	9600

4800
	9600

4800
	9600

4800

	Number Code Blocks
	Blocks
	1
	1
	1

	Binary Channel Bits Per TTI
	Bits
	960
	2880
	4800

	Inst. Coding Rate
	
	0.39
	0.44
	0.69

	Number of HS-PDSCH Codes
	Codes
	1
	3
	5

	Modulation
	
	QPSK
	QPSK
	QPSK


Table 4 Reference measurement channels H-Set 8 

A-VRC performance assessment should be carried out for PA3, PB3 and VA30 channel models. The combinations of channel models, GTF, power allocation 
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, which are listed in Table 5, are proposed to be used. These combinations would guarantee that a sufficiently large range of all possible CQI values would be covered in that sense that the UE under test would have to report them sufficiently frequent. At the same time, the combinations are selected in such a way that the majority of the reported CQI values for a given combination would be in the range where the PER values are changing significantly, i.e the range where the curve PER vs. CQI value is the steepest. Since there would only be three test points per channel model, it is expected that the test complexity is actually smaller than the one for the FRC tests (6 points per channel model). It might be good to discuss whether one more additional combination would make sense in order to cover the higher end of possible CQI reporting values better.

	Test Case
	Channel Model
	GTF
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in dB

	1


	PA3
	5

10

15
	-10

-8

-4
	0

5

10

	2


	PB3
	5

10

15
	-10

-8

-4
	0

5

10

	3


	VA30
	5

10

15
	-10

-8

-4
	0

5

10


Table 5 A-VRC test cases

3.3 Simulation assumptions

Except for the new reference measurement channels listed above and the lack of re-transmissions, the simulation assumption should be in line with already agreed assumptions in TR 25.890, see Annex A in [2]. 

3.4 Simulation results

Some initial simulation results for two of the three cases listed in Table 5 are summarized below. Figure 3 and Table 6 show the results for case 2. The corresponding results for case 3 are shown in Figure 4 and Table 7, respectively.
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Figure 3 PER vs. reported CQI value for Case 2

	GTF
	5
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 in kbps
	103
	272
	721


Table 6 Hypothetical throughput 
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Figure 4 PER vs. reported CQI value for Case 3
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Table 7 Hypothetical throughput 
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 for case 3

3.5 Possible structure of new requirements

The structure of the requirements that would result from the proposed A-VRC concept can be understood best by looking at Table 8 and . Table 8 would define the maximum tolerable PER for each reported CQI within a reasonable range of CQI values for test case 1. Similar tables would have to be defined for the other test cases as well. It might be acceptable to specify fewer CQI/PER value pairs than the ones listed in Table 8. However, the number of value CQI/PER pairs does not have any impact on the test duration or complexity. Table 9 lists the minimum hypothetical throughput limits that have to be met for each test case.

	Test Case Number
	Propag.
Channel
	Test Parameters
	Reference values
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(CQI index)
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	Max.
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	1
	PA3
	5
	0
	-10
	0
	TBD

	
	
	
	
	
	1
	TBD

	
	
	
	
	
	2
	TBD

	
	
	
	
	
	3
	TBD

	
	
	
	
	
	4
	TBD
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	TBD
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	TBD

	
	
	
	
	
	8
	TBD

	
	
	10
	5
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	4
	TBD
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	TBD
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	TBD

	
	
	
	
	
	7
	TBD

	
	
	
	
	
	8
	TBD

	
	
	
	
	
	9
	TBD

	
	
	
	
	
	10
	TBD

	
	
	
	
	
	11
	TBD

	
	
	
	
	
	12
	TBD

	
	
	15
	10
	-4
	10
	TBD

	
	
	
	
	
	11
	TBD

	
	
	
	
	
	12
	TBD

	
	
	
	
	
	13
	TBD

	
	
	
	
	
	14
	TBD

	
	
	
	
	
	15
	TBD

	
	
	
	
	
	16
	TBD

	
	
	
	
	
	17
	TBD

	
	
	
	
	
	18
	TBD


Table 8 Possible requirement structure for PER limits for case 1

	GTF
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 in kbps

	
	Case 1
	Case 2
	Case 3

	5
	TBD
	TBD
	TBD

	10
	TBD
	TBD
	TBD

	15
	TBD
	TBD
	TBD


Table 9 Minimum limit for hypothetical throughput 
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4 Conclusion

It is suggested that RAN4 is considering the new A-VRC testing approach described in this document. Possible improvements or modifications could be discussed and work towards setting the limits for PER and 
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based on simulation results could started.
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