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1    Introduction
In this contribution we propose a framework for the CQI tests based on the transmission modes, and also address the method for CQI tests. Important aspects from a system standpoint is that

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

· The UE follows the dynamic variations in time (wideband reports) and frequency (sub-band) so that the link adaptation capabilities are utilized and excessive averaging is avoided

· relevant for lower-speed scenarios where reporting delay will not be too large and reasonable to track the channel variability accurately by means of MCS adaptation
· For MIMO SCW that proper PMI is selected (in general when the number of layers, i.e. transmission rank, is less than the number of transmitter antennas, but here 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.

From a deployment perspective, the test suite should be chosen such that 
· the channel quality reporting is verified for each transmission mode. 
In view of the RAN4 work plan, it is also important to limit the number of tests and consider the most likely reporting modes to be configured in actual deployments. Feasibility of testing is also an important matter when selecting the modes to test. 

To test the channel quality, it is proposed to use 

· WCDMA like methods with static channels to check the definitions, 

this can be done for both single- and multiple antenna transmission modes. Fading tests are more involved and the WCDMA fading tests do have some difficulties associated: FFS. Using throughput tests based on the current 30 and 70% verification points could be difficult from a testing standpoint since the verification points are averages over results obtained by many companies, so testing e.g. the averaging for a particular UE implementation could be difficult.
We start looking at an operator proposal in RAN5 and use this as a baseline for developing tests for CQI.
2    System aspects and operator preferences
2.1 Preferred modes
In a RAN5 contribution [1] a number of operators have prioritized the modes to be tested. In view of the LTE time schedule it is also important to limit the number of modes to be tested and agree a baseline proposal to progress the specification work. The operator proposal is, for both FDD and TDD, 
· PUSCH reporting (aperiodic)

· High for modes 3-0 and 3-1 (eNB configured with and without PMI reporting) 

· Low for modes 1-2, 2-0 and 2-2 (wideband and UE selected sub-band)
· Periodic PUCCH (periodic)
· High - Wideband: Mode1-0, Mode1-1

· High - UE selected: Mode2-0, Mode2-1
The wideband reporting will then be done on the PUCCH, and wideband CQI is also a fundamental component of all other CQI modes. Wideband reports are always relevant regardless of speed, whereas sub-band reporting tends to convey short-term channel information for frequency dependent scheduling and is thus more relevant at lower speeds where channel variability is more moderate (reporting delay is otherwise a problem).
Hence for the PUSCH, modes 3-0 and 3-1 could be tested; both sub-band and wideband data is provided, and the payload size is a lesser issue as compared to PUCCH. These PUSCH modes typically provide better performance than the UE selected 2-0 and 2-2, which is perhaps not surprising since they constitute more extensive reports at only a slight price of payload size.
UE selected sub-band reporting on PUCCH is also suggested in the operator list. However, this may imply a substantial reporting load as the number of bandwidth parts/selected sub-band reports can be many and are reported sequentially per subframe. This implies a multiplexing problem and a high PUCCH load if there are many users in the cell. The PUCCH demodulation performance and quality is degraded by
· multiuser interference since CDM multiplexing: accurate UE PUCCH power control is needed in own cell,
· inter-cell interference.
Results indicate that it is difficult to support sufficient PUCCH coverage if three or more users are multiplexed due to inter-cell interference (see Annex A), and simulation results (for A/N) indicate that the requirements on the LTE relative power control accuracy could be as stringent as the WCDMA counterparts [2]. 
Therefore, it appears more feasible to look at the wideband reports 1-0 and 1-1 for PUCCH in a first phase, for the load on the PUCCH could be substantial otherwise. 2-0 and 2-1 would only be plausible for very few users per cell and low speeds. In these low user density and low speed scenario (e.g. HNB) we have the PUSCH reports 3-0 and 3-1 that provide both sub-band and PMI reports that can be used without a serious penalty on the UL data rate. 
One issue is that there is no multiple PMI reporting mode in the preferred operator set, which could be a problem if wideband channels are configured and there is no antenna calibration. Therefore, one of the multiple PMI modes on PUSCH could be included as a complement to the preferred 3-0 and 3-1. The wideband mode 1-2 would then complement these at a small expense of payload on PUSCH, but the sub-band report 2-2 could also be considered.
If sub-band reporting is still needed on PUCCH, then mode 2-0 could be considered, but with the concerns on the system performance impact in mind.
To progress the work one could start devising tests for the modes that are amongst those preferred in [1], but which do not have any system concerns attached:
1. PUSCH (aperiodic): Modes 3-0 and 3-1 (eNB configured)
2. PUCCH (periodic): Modes 1-0 and 1-1

2.2   Transmission modes used for the test

For initial deployment it is important to check that the most likely transmission modes are properly tested w r t channel quality reporting.

Transmit diversity is likely to be deployed, if not only for its function as a fallback for the MIMO schemes. The associated modes are then 1-0 for PUCCH and 3-0 for PUSCH. This could equally be done on a single antenna (open loop with transmission rank one is also a candidate for these two reporting modes). 

MIMO SCW (single layer closed-loop spatial multiplexing) are then used for the single PMI reports 1-1 on PUCCH and 3-0 on PUSCH, since the performance of this transmission mode is dependent on proper PMI reporting. There could be several dBs of degradation in SNR if the wrong precoder is chosen, particularly for multiple PMI. Thus, this transmission mode is ideal also for testing one of the Multiple PMI modes. 
MIMO MCW could be tested using e.g one of the single PMI modes (1-1 or 3-1) to check that each codeword gets the right CQI (definition test).

3    Transmission modes for CQI/PMI tests
3.1  Baseline test
Next we propose a test setup for the basic set of modes discussed in Section 2.1. We start by using up to 2 TX since this is the most likely scenario for initial deployment (except for beamforming using more antennas and dedicated RS on antenna port 5). 4 TX cases are not included for this first set, but should be also considered in the Rel-8 timeframe to avoid backwards compatibility problems when 4 TX are deployed. 
A test scenario for PUCCH Mode 1-0 and PUSCH 3-0 could be a transmit diversity scenario.
Table 1 Transmit diversity CQI tests

	TX ports
	Bandwidth
	Channel type
	Spatial correlation
	CQI 

	2 TX
	10 MHz
	Static 
EVA5 (fading test)
	Medium
	PUCCH Mode 1-0

	2 TX
	10 MHz
	Static
EVA5 (fading test)
	Medium
	PUSCH Mode 3-0


The frequency selective reports require a modification to the WCDMA-type CQI test methods (see Section 4). The fading tests could be done using the same setup (propagation model and correlation) as the corresponding FRC test.
To test the PMI reporting modes PUCCH 1-1 and PUSCH 3-1 we use the setup shown in Table 2.

Table 2  Close-loop spatial multiplexing tests, static and fading, single PMI
	TX ports
	Bandwidth
	Rank
	Channel type
	Precoding
	Spatial correlation
	CQI

	2 TX
	10 MHz
	1
	Static

EPA5 (fading test)
	Wideband
	Low
	PUCCH mode 1-1

	2 TX
	10 MHz
	1
	Static

EPA5 (fading test)
	Wideband
	Low
	PUSCH mode 3-1


Static channels could be defined in the same way as for WCDMA where an arbitrary precoder is embedded into the channel (fading more cumbersome).
3.1 Complementary test

One multiple PMI mode should be included, but the mode is FFS. MIMO SCW is a suitable test here.
Table 2  Close-loop spatial multiplexing tests, static, PMI 
	TX ports
	Bandwidth
	Rank
	Channel type
	Precoding
	Spatial correlation
	CQI

	2 TX
	10 MHz
	1
	Static


	Sub-band
	
	PUSCH mode 1-2 or PUSCH 2-2


This requires a MIMO channel model where the embedded precoder changes across the sub-bands.
4 Method of test
4.1      The wanted signal
The tests of CQI could follow the WCDMA methodology where tests are carried out using a static test where and FRC is chosen according to the reported CQI median. The static test to test the 10% BLER could be made with one or several static levels. In this way, the CQI definition is actually tested. 

To test the sub-band reporting modes we need a frequency-selective channel profile (static). A stepwise function would pose problems for the channel estimator so it is proposed to use a smoother profile. This could be realized with a static two-path model that would provide a sinc-like behaviour in the spectral domain. The delay spread could be chosen such that the coherence bandwidth is smaller than the channel bandwidth so that each CQI index gets sufficient number of counts. Several test could be made with different phase shift so that the notches in the spectrum changes.
For the eNB configured reporting modes this should be feasible since each sub-band is reported, for the UE-configured PUSCH mode 2-2, a multiple PMI mode, there is perhaps and issue since the reporting accuracy and test tolerance could prevent accurate reporting of the spectral peaks of the test signal.
Fading test could be done like for WCDMA, but this test is arguably not good enough to prevent excessive averaging in reporting. Low speeds (Doppler) should be used which is the case most relevant for link adapation with changing MCS (HARQ handles the fast adaptation). The spread in the reported CQI indices should be checked; if excessive averaging is employed then this will be smaller.

For MIMO channel models like the corresponding WCDMA models could be used, in which precoders are embedded in the channel model, see Sections B.2.6.1 (SCW) and B.2.6.2 (MCW) of TS 25.101 [3]. For multiple PMI, precoders need to be embedded per sub-band.  
4.2   The interference

The tests above can be made using interference averaging over the entire band (span of set S), but sub-band averaging is not impossible for e.g. the sub-band reporting modes [4].
5    Proposal
To progress the work, the following modes should be tested initially (FDD and TDD)
· PUSCH (aperiodic): Modes 3-0 and 3-1 (eNB configured)

· PUCCH (periodic): Modes 1-0 and 1-1

These are based on operator preferences [1], and do not have any drawbacks from a system perspective. A multiple PMI mode should also be included but the choice is TBD.
It is important to verify the CQI definition per reporting- and transmission mode. Therefore WCDMA-like static tests should be used (sub-band reporting can also be tested). PMI can be also be checked using HSDPA methods.

Reporting under fading conditions is more involved, the variability of the CQI indices reported should be checked, the method is FFS.

Throughput tests (follow CQI) using 30 or 70% are based on averages from many companies, so it is arguably difficult verify the CQI reporting for a particular UE under test. However, Variable Reference Channel (VRC) tests could have some merits as a complement to the basic CQI testing.
References

1. R5-082139, “LTE Features and Test Prioritisation”, NTT DOCOMO, AT&T, CMCC, Orange, Telecom Italia, T-Mobile, Verizon, Vodafone
2. R4-081387 “Proposal on relative power control tolerances and simulation results”, Ericsson
3. TS 25.101 v8.3.0

4. R4-081936, “On CQI interference measurement”, Ericsson
Annex A
 PUCCH load and decoding performance

To illustrate the impact of PUCCH load and decoding problem, we consider the 3GPP Case 1: 500 m inter-site distance and slowly moving users. Figure 1 shows the uplink SINR for cell edge users as a function of the number of multiplexed users on PUCCH per RB and sector (cell).
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Figure 2: Cell-edge SINR as a fuction of multiplexed PUCCH users.

These users generate inter-cell interference that degrades PUCCH decoding performance in surrounding cells since the CDM used is non-orthogonal between cells. Now, if three users are multiplexed, the cell-edge SINR (5% percentile) is   -6 dB, which corresponds to a 3% BLER for a 6 bit CQI that is used for sub-band reporting and rank one transmission for a cell-edge user, see Figure 2. The performance degrades quickly with an increased number of multiplexed users.
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Figure 2: CQI decoding performance as a function of SNR.

Therefore it is important to minimize the multiplexing on PUCCH as much as possible, i.e., the PUCCH load.
Annex B    Reporting modes

The reporting modes are summarized below for convenience (see TS 36.213 Clause 7.2)

Table 1 Reporting modes for PUSCH (aperiodic reporting)

	
	PMI Feedback Type

	
	No PMI
	Single PMI
	Multiple PMI

	PUSCH CQI Feedback Type
	Wideband
	
	
	Mode 1-2

	
	UE Selected (subband)
	Mode 2-0
	
	Mode 2-2

	
	eNB configured (subband)
	Mode 3-0
	Mode 3-1
	


Table 2 Reporting modes for PUCCH (periodic reporting)

	
	PMI Feedback Type

	
	No PMI
	Single PMI

	PUCCH Feedback Type
	Wideband
	Mode 1-0
	Mode 1-1

	
	UE Selected (subband)
	Mode 2-0
	Mode 2-1










































































