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1 Introduction
RAN4#48 has agreed a set of reporting modes to test in a first round [1]: PUCCH wideband CQI and PUSCH higher-layer configured. In this contribution we look at possible test configurations for these to verify that wideband and sub-band CQI reporting follow the definition; PMI/RI verification is also addressed. 
First, looking at CQI reporting from a system performance perspective, it is important that

· the CQI reported by the UE under test follows the definition (a recommended transport format giving 10% BLER)

· for MIMO SCW that proper PMI is selected (we concentrate on 2x2 antennas so SCW and MCW are equivalent to single-layer and multi-layer, respectively)

· for MIMO MCW that the CQI reported for the two code words follow the definitions
At the same time, the different transmission modes used by operators should also be covered w r t CQI. Below we use transmit diversity and closed-loop single- and dual-layer modes as test environments for the CQI reporting mode requirements in 2 x 2 antenna configurations, which are likely to be deployed initially (transmit diversity replaces single-antenna). Open-loop spatial multiplexing is outstanding, and there is no multiple-PMI mode included. 

The usual side condition applies: the number of tests should be minimized, so an open question is if all modes need to be tested with regard to all its reporting capabilities (e.g. enough to test wideband CQI for one periodic reporting mode, otherwise just a signaling test). 

Before starting it’s perhaps useful to recall the definition of reported value:
Based on an unrestricted observation interval in time and frequency, the UE shall report the highest tabulated CQI index for which a single PDSCH sub-frame with a transport format (modulation and coding rate) and number of REs corresponding to the reported (or lower) CQI index could be received with individual transport block error probability not exceeding 0.1 in a downlink subframe (also referred to as a reference period) ending [2] slots before the start of the first slot in which the selected CQI index is transmitted.
2 Static test for wideband-CQI
The wideband-CQI can be tested like the static tests for WCDMA. The purpose is to check that that the CQI reported by the UE under test follows the definition; a recommended transport format giving 10% BLER. We consider the wideband reporting modes PUCCH 1-0 (in a transmit diversity mode) and PUCCH 1-1 to check the definition per codeword in a two-layer case. 
2.1 PUCCH 1-0 
For checking the wideband-CQI on PUCCH 1-0 we apply a static wanted signal level to the antenna ports. The interference is white noise the power of which is set a certain SNR below the wanted signal. Three different SNRs with sufficient spread are chosen that corresponds to different reported CQI median values. The same static level is applied at both antenna ports, and we assume no boosting of RS so SNR becomes
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with the superscripts signifying the antenna connector.  
Following WCDMA, the spread around the reported median (corresponding to the fixed transport format set by the test equipment) should not be too large, and the transport format corresponding to the median CQI should give a PDSCH BLER close to 10%. The spread is expressed in terms of a two-sided 90%-percentile for the reported CQI using this transport format. For LTE the granularity in the indices is 2 dB compared to 1 dB for WCDMA so it’s interesting to look at the variability. To this end, simulations have been made for a 10 MHz channel, Figure 1 shows the reported CQI per sub-band for a static test set up as follows:
· Sub-band size: 6 RBs - each band correspond to one color in the histograms
· Interference averaging bandwidth: 50 RB
· Channel: AWGN 

· SNR: 6 dB - but the histograms look about the same (but shifted) for other values

                               
[image: image2]
Figure 1: Reported CQI in a static 10 MHz test.
The interference averaging used for obtaining the CQI will have an impact on the spread of the reported CQI, this bandwidth is FFS. The 50 RB averaging yields a small spread around the median. The results indicate that the 90% percentile is contained in the range (CQI median – 1, CQI median + 1). Furthermore, if the median CQI yields transport format with a BLER less than 10% then a transport format corresponding to CQI median + 1 should give more than 10%, and conversely for a measured BLER larger than 10%. 
A test setup for PUCCH 1-0 could look like in Table 1. Note that the input levels are set significantly above the thermal noise level of the UE, i.e.
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with k Boltzman’s constant, T the temperature and Fs the receiver noise factor. We have assumed a 20 dB margin to the receiver noise below.  
Table 1: PUCCH 1-0 static test.
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	10

	SNR
	dB
	[0]
	[6]
	[15]
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	dBm/15kHz
	[-102]
	[-102]
	[-102]
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	dBm/15kHz
	[-102]
	[-96]
	[-87]

	Reporting period
	ms
	TBD

	Interference averaging
	RB
	TBD

	NOTE: RMC as per TS 36.213 Section 7.2.3


The interference averaging is TBD, and should perhaps be specified by RAN1 for TS 36.213. The requirement would be:
Minimum requirement PUCCH 1-0
A) The reported CQI value shall be in the range of ± [1] of the reported median more than 90% of the time

B) If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, the BLER using the transport format indicated by the (median CQI + [1]) shall be greater than 0.1

C) If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, the BLER using transport format indicated by (median CQI - [1]) shall be less than or equal to 0.1.
2.2 PUCCH 1-1 with PMI test and CQI per codeword
Wideband-CQI reporting per codeword in a two-layer case can be combined with RI/PMI tests using PUCCH 1-1. Here we assume a 2 x 2 antenna configuration and a static channel with an embeeded randomly picked wideband precoder (compare WCDMA Section B.2.6 of [2]):
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so the channel is unitary (orthogonal). The precoder W(i) is also applied at the transmitter, and the reported PMI should then match the index i. The requirement could look like follows:
Baseline for requirement PUCCH 1-1
A) when the reported preferred primary precoding matrix is matching with the precoding matrix embedded in the propagation channel, the reported wideband values CQI1 shall be used to determine the median CQI values for codeword #1
B) when RI = 2 is indicated 
C) The wideband 3-bit differential CQI offset for codeword #2 shall be in the range [-1,1] for X% of the time.

The wideband CQI1 is verified in the same way as in the PUCCH 1-0 case. Note that all reports should be included in evaluating the X% time requirement, including those for which RI<2 or the PMI report is wrong.

A larger differential between the two codewords can be achieved by setting
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with a suitably chosen such that the two codeword CQIs are within the range of the 4-bit wideband differential CQI (-4,+3). 
Alternatively the channel could be augmented by another unitary matrix 
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where the precoder W(i) is signalled by the eNB (test equipment) and the UE should then report a PMI corresponding to the index j. 
3 Subband tests for eNB configured modes
Testing the sub-band reports for PUSCH 3-0 and 3-1 could be done in a similar way as the above but cycling through the 
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sub-bands of size k as proposed in [3]. However, this would be a step-wise continuous shape in frequency and time domain, which is not realistic and could be problematic for channel estimation. One possible way to resolve this is to use a channel model that produces a well-known amplitude spectrum in the frequency domain such as the static two-path model. 
3.1 Static two-path model that can be shifted
Pick a static two-path model like
(3.1)
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in discrete form with time delay d samples. Its frequency function is 
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with the amplitude spectrum as 


[image: image14.wmf](

)

2

2

cos

2

1

)

(

a

fd

a

f

H

+

+

+

=

j

p


Minima (notches if a = 1) in the spectrum will appear at, setting 
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The delay d can be chosen such that a suitable number of minima occur within the transmission configuration.  The frequency shift fm is introduced to be able to shift the amplitude spectrum between different tests in order to vary the CQI for a given sub-band. In practice there will also be phase errors that change the locations of the notches. 
An alternative approach is to use an AR(1)-type filter instead of the above MA(1) if a more peaky spectrum is desired, the impulse response is then given by
(3.2)
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with the frequency function
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3.2 PUSCH 3-0 
For PUSCH 3-0 (no PMI report) the idea is to use the same method as for the wideband CQI tests but consider each sub-band separately, subject to the smoother two-path model (3.1) above. A fixed transport format is configured per sub-band in accordance with the corresponding sub-band CQI median (or average), one sub-band at a time, and the test equipment then cycles through the sub-bands. The interference should still be white.
The input level at the antenna connectors could be set at
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for example, if a (nominal) minimum SNR per antenna for a subcarrier of 0 dB is desired. The maximum can be set as desired by choosing the parameter a appropriately (a = 0.3 gives 15 dB). The phase  is chosen randomly to put the spectral minima at any sub-band, and the correlation matrix would be set to “high” for this case (fully correlated). 

The sub-band CQI is reported differentially w r t the wideband-CQI using 2 bits, so there is a reduced set of indices (-2, 0, +1, +2) for the sub-band reporting; these indices correspond to a dynamic range of 8 dB. Hence there may be clipping of the CQI reports if the dynamic range of the channel variations are too large, that is, if a is smaller than a certain value. This could in fact be exploited in the test to check that the clipped values are reported for the correct sub-bands (the positions of the minima and periodicity are known, the former albeit with some inaccuracy). Moreover, in view of the reduced set of indices it could be preferable to configure the sub-band transport format in accordance with the “average” reported CQI instead of the median (minor difference in practice)
The requirement with a transport format configured per sub-band according to the sub-band CQI average could be similar to the wideband CQI but needs a condition on the actual reported differential CQI since clipping may occur.
Requirement for each sub-band
A) The reported sub-band CQI value shall be in the range of +/-[1] differential steps of [or should not deviate from] the reported average more than X% of the time if differential CQI average other than the value -2. 
B) If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, the BLER using the transport format indicated by the (average CQI +Y) shall be greater than 0.1. 
C) If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, the BLER using transport format indicated by (median CQI - Z) shall be less than or equal to 0.1.
The values “Y” and “Z” would be conditioned on clipping. The latter could also be further check by noting that the periodicity of the channel frequency response would indicate which of the sub-bands that should be subject to clipping. The more peaky spectrum produced by (3.2) could be used if problematic to tune the test with regard to the sub-band CQI indices (only one value below the value “0”). 
There is arguably no need to test the PUSCH 3-0 with a transport format configured according to the wideband CQI since PUCCH 1-0 is also tested, the only difference is the reporting format. The wideband tests for PUCCH 1-0 could perhaps also be done using the channel above, the spread around the CQI median will be larger then.
3.3 PUSCH 3-1 

The sub-band reporting for PUSCH 3-1 with PMI report could be done as above but with an embedded fixed wideband precoder in a the channel, e.g. 
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for a 2 x 2 single-layer scenario for any choice of i. Then one also checks that the correct PMI is reported. If this test is feasible, then testing PUSCH 3-0 is perhaps redundant. 
4 Transmission modes used for the above tests
First we list the possible transmission modes to be used for the above tests, see Tables 2-4. Note that open-loop spatial multiplexing is missing and should also be covered in the test suite. Transmit diversity (fallback mode) is used as a baseline rather than the single-antenna case. 
Table 2 Transmit diversity CQI tests

	TX ports
	Bandwidth
	Channel type
	Spatial correlation
	CQI 

	2 TX
	10 MHz
	Static 

	n/a
	PUCCH Mode 1-0
Wideband CQI

	2 TX
	10 MHz
	Static two-path


	n/a
	PUSCH Mode 3-0
Sub-band CQI


Table 3 Single-layer CQI tests

	TX ports
	Bandwidth
	Channel type
	Spatial correlation
	CQI 

	2 TX
	10 MHz
	Static two-path with embedded precoder
	n/a
	PUSCH 3-1 

Sub-band CQI with PMI


Table 4 Two-layer CQI tests

	TX ports
	Bandwidth
	Channel type
	Spatial correlation
	CQI 

	2 TX
	10 MHz
	Static with embedded precoder

	n/a
	PUCCH Mode 1-1 
Wideband CQI per CW with PMI 

	2 TX
	10 MHz
	[Static two-path with embedded sub-band precoder]

	n/a
	[CQI per CW with multiple-PMI]


Table 4 also contains a possible test for multiple-PMI. 4 x 2 cases could be considered at a later stage.

5 Structure of Clause 9
Clause 9 of TS 36.101 should cover  

1. Tests of the CQI definition for sub-bands and the whole set S (wideband), and under fading conditions 

2. PMI and RI reporting 
3. The functionality of the reporting modes, “signaling test” 

4. CQI reporting per transmission mode 
whilst minimising the number of test cases. None of these items immediately suggests itself as a candidate for a structure of Clause 9 so one could simply reuse that in TS 36.213:
· Aperiodic CQI/PMI/RI reporting using PUSCH 

Includes the above transmit diversity and closed-loop spatial multiplexing tests (Tables 2-4) 

· Test of definition (static)

Wideband-CQI, sub-band CQI, single-PMI (perhaps also multiple) and RI  

· Fading conditions

Could also be separate sub-clause

· Periodic CQI/PMI/RI reporting using PUCCH 

Includes the above transmit diversity and closed-loop spatial multiplexing tests (Tables 3-4).
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