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1. Introduction
The verification of the CSI reporting in LTE Release 10 has been discussed in the recent RAN4 meetings, see [1] - [5]. In general, it seems acceptable to follow the same testing practices as in LTE Release-8, complemented with necessary modifications to account for the Rel-10 specific aspects such as the CSI-RS and 8 TX codebook. On the other hand no consensus exists yet regarding the actual verification framework.
In this contribution, we provide our views on the verification of the CSI reporting in Release-10, continuing the discussion in [2].
2. Generic aspects
Some generic aspects need to be accounted when designing the CSI test cases for Rel-10. They are summarized in the following:
Cabling effect: The behaviour of the cabling to be used as part of the test system is not explicitly specified in the conformance testing specifications. This implies, at least in theory, that there can be an additional (unwanted) phase shift in each element of the equivalent channel matrix. This can be problematic especially for the test cases that rely on a certain manifestation of the equivalent channel matrix, such as the rank-2 static CQI test.
Receiver agnostic testing: The LTE demodulation and CSI requirements should be agnostic to the actual implementation of the receiver algorithms. As an example, the UE should not be punished from using an advanced receiver in the dual-layer MIMO tests. 
Support of 8 TX antennas: As agreed in the RAN plenary #51 [6], the support of 8 TX antennas in TM9 will be optional for the UE categories 1-7 in FDD mode and mandatory for the UE category 8 in FDD mode and all UE categories in TDD mode. Consequently, all relevant CSI feedback aspects need to be verified at least for 4 TX antenna ports, whereas a more limited set of test cases could be specified for 8 TX antenna ports. Also from the timeline point of view, it could be sensible to start with the 4 TX requirements as the design of the correlation matrices for 8 TX ports is not complete yet.
Support of PMI disabling: As agreed in the RAN plenary #51 [6], the support of PMI disabling will be optional for both FDD and TDD. Hence the TM9 CSI verification needs to be built upon the reporting modes that support PMI feedback, i.e. the PUSCH modes 1-2, 2-2, 3-1 and the PUCCH modes 1-1-1, 1-1-2, 2-1. There seems to be no particular need for verifying the non-PMI modes in TM9, as these modes are essentially verified as part of the Release-8 CRS based CSI requirements.
3. Static CQI tests
As discussed in various contributions, the CQI reporting accuracy in static conditions can be verified by using a similar approach as in LTE Rel-8. In particular, the static test should be carried out in one of the PUCCH 1-1 submodes, while the other submode would be then verified as part of the frequency non-selective fading test. No rank-1 test seems to be needed as the accuracy of single codeword feedback would be essentially verified as a part of the dual-codeword test.
The orthogonality of the MIMO streams could be ensured by using a proper combination of a precoder and a channel matrix, as proposed in [4]. The matrices proposed in [4] seem a feasible choice, given proper scaling/normalization will be introduced to account for the beamforming gain.
Some further consideration might be however needed with regard to the phase errors in a practical test system. Basically, the following impairments occur due to phase errors, if present:

· 
The orthogonality of the two MIMO streams is impacted
· 
The precoding gain is smaller
It should be noted that the basic intention of the test - that is to verify that the reported CQI follows the RAN1 CQI definition - would be largely met despite of the phase errors. This is due to the fact that the data would be transmitted over the same effective channel that is used for the CQI estimation. However, the effective SNR seen by the UE would be different compared to the ideal case, hence implying that the test point would be dependent on the phase errors. Whether this is a significant problem in practice depends on the expected magnitude of the phase errors. 
4. Fading CQI tests
Based on [1]-[4], the fading CQI tests could be built upon a highly correlated propagation channel, similar to Rel-8. Adopting high correlation would emphasize the channel variations in time and frequency domains, hence better capturing any excessive averaging in the channel part of the CQI estimates.
There seems to be divergent opinions on how the PMI feedback should be accounted in the eNB scheduling decisions. It is proposed in [3] and [4] that the precoder reported by the UE (and applied by the eNB) should be fixed to the main direction of the channel in order to isolate the verification of the CQI from the verification of the PMI. While such configuration could be feasible in theory, it is unclear whether a certain “main direction” can be guaranteed in a practical test setup given the possibility of cabling errors. It would hence seem more feasible to follow the PMI reported by the UE, as suggested in [1] and [2]. It should be noted though, that despite of the follow-PMI, the same precoder would be essentially used for numerator and denominator part of the Gamma, given high channel correlation.
It is suggested in [1] to apply different precoding to CSI-RS and CRS – giving maximum and minimum precoding gain, respectively – as to verify that the UE does not utilize CRS when estimating the channel part of the CQI estimates. The potential problem of this approach is that the control channel performance would be impacted as well, causing PDCCH/PCFICH decoding errors in the worst case. It should be noted, though, that some precoding (antenna virtualization) scheme will be needed for all TM9 CSI tests as the CRS needs to be somehow mapped to the physical antenna elements.
The frequency non-selective test could be carried out in one of the PUCCH 1-1 submodes and the frequence non-selective test in PUSCH mode 3-1. No dedicated test would be needed for the frequency selective interference, as the frequency domain interference averaging based on CRS is already verified as part of the Rel-8 tests. 
5. PMI tests
The purpose of these tests would be to verify the accuracy of the reported PMI that is estimated based on 4 or 8 CSI-RS, i.e. 4 and 8 TX cases need to be covered. As discussed in Section 2, it could be sensible to start with the 4 TX requirements, followed by ones for 8 TX. In the latter case, a particular intention would be to verify the reporting accuracy of the new dual codebook for 8 CSI-RS ports. In general, we view that:

· 
A similar test methodology could be used as in Rel-8, i.e. comparing the follow-PMI throughput to the random-PMI throughput with a fixed transport format.

· 
Dual-layer setup can be considered in addition to a single-layer only if it can be ensured that chosen testing methodology remains receiver agnostic. 
· 
One goal to strive for in designing test cases for 8 TX PMI would be to try to separate as much as possible testing of the wideband component W1 from the subband component W2, even though both W1 and W2 jointly form the resulting precoder. One attempt to achieve that goal is presented in the framework proposed below.
PMI testing can rely on PUSCH 3-1 (single PMI) and PUSCH 1-2 (multiple PMI) reporting as follows, with a particular attention to the choice of spatial correlation parameters:
Single PMI 4x2: PUSCH 3-1, ULA L/L, rank-1
·  
Spatial correlation modeling assumes uniform linear array (ULA) antenna setup similarly to Rel-8 tests, primarily because the Rel-10 codebook for 4 TX is the same as in Rel-8 and consists of a single codebook. 
·  
Low correlation at both transmitter and receiver side ensures sufficient variability of the reported wideband PMI.
Single PMI 8x2: PUSCH 3-1, XP High spatial correlation or XP Low correlation, rank-1 
·  
Spatial correlation modeling assumes cross-polarized (XP) antennas according to the agreement in [7] to prioritize such configuration for 8 TX CSI testing because: a) it yields more practical antenna deployment and b) Rel-10 codebook for 8 TX is optimized for cross-polarized antennas (see discussion in [8]). 
·  
PUSCH 3-1 reporting with the 8 TX double codebook consists of a wideband precoder W1 (PMI index i1) and wideband precoder W2 (PMI index i2) together forming a wideband resulting precoder W=W1xW2. To our view, the main goal here is to essentially test W1 reporting i.e. precoder selection based on wideband long-term channel statistics. 
· 
It remains to be investigated whether low or high spatial correlation as defined in [9] for 8 TX would be best suited for this purpose, the goal being able to identify sufficient relative throughput gain compared to random precoding while ensuring meaningful selection of W1 precoder. Preliminary link level investigations on the impact of spatial correlation to PUSCH 3-1 CSI reporting can be found in a companion contribution [10].
Multiple PMI 4x2: PUSCH 1-2, ULA L/L, rank-1

·  
The reason for selecting ULA antenna setup is the same that for single PMI testing in 4x2.

·  
Low correlation at both transmitter and receiver side ensures sufficient variability of the reported subband PMIs.
Multiple PMI 8x2: PUSCH 1-2, XP High spatial correlation, rank-1

·  
PUSCH 1-2 reporting with the 8 TX double codebook consists of a wideband precoder W1 (PMI index i1) and subband precoders W2 (PMI indices i2) together forming subband specific precoders of the form W=W1xW2. To our view, the main goal here is to essentially test W2 reporting, i.e. the ability to provide subband precoding gain.
· 
It makes sense to select the scenario with high spatial correlation defined in [9] which still leads to low overall correlation – because polarization dimensions are uncorrelated. The motivation is to reduce variation in reported W1 wideband precoders while emphasizing variability of subband W2 precoders. Preliminary link level investigations on the impact of spatial correlation to PUSCH 1-2 CSI reporting can be found in a companion contribution [10].
6. RI tests
As briefly discussed in Section 2, the current approach for RI verification does not entirely satisfy the requirement of receiver agnostic testing. The most problematic test case seems to be the first one, which is characterized by low SNR and low antenna correlation, the minimum requirement being defined as a ratio of fixed rank-2 throughput and a follow rank throughput. 
Assuming that RI=1 is selected p % of time and RI=2 is selected (1-p) % of the time in follow-RI mode, and the throughput with fixed rank-1 is Trank1 and the throughput with fixed rank-2 is Trank2, the relative throughput for the RI test 1 in 36.101 Section 9.5 can be approximated as
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Above relations are illustrated in Figure 1, showing the throughput gain as a function of p and A.
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Figure 1 - Throughput gain in rank indication test 1
In the current test 1, UE would be expected to select RI=1 most of the time due to the low SNR. As can be seen from Figure 1, this is also reflected by the test metric, i.e. the throughput gain increases when the probability of rank-1 transmission increases. However, the test is very sensitive to the relative difference of the rank-1 and rank-2 performance, i.e. factor A. 
The following observations are made:
· 
Receivers that have a superior rank-2 performance (“advanced receivers”) are heavily discriminated by the current RI test. This is mostly due to the fact that the A-factor that is implementation dependent becomes lower, but also because rank-2 can be selected slightly more often.
· 
Receivers that utilize baseline MMSE detector (“baseline receivers”) get a significant advantage in terms of the throughput gain although the throughput performance of such receiver is generally inferior compared to an advanced receiver.

· 
The minimum requirement needs to be selected based on the performance of advanced receivers, hence implying that the rank estimation performance is not reliably verified for a baseline receiver (as the requirement becomes extremely loose).

Based on the above considerations, it seems that some improvements would be needed on the RI verification methodology in Rel-10. 
As a starting point, it is perhaps good to recall that various test methodologies based on relative throughput metric were considered in Release-8/9. However, no method that would completely satisfy the principle of receiver agnostic testing was found, the primary reason being the test metric that is a ratio of two throughput values. As a consequence, any improvement in the denominator part of the relative throughput is translated as a loss in the final test metric, which is not necessarily a desired property. In order to avoid such behavior, using an absolute throughput metric could be considered instead. 
Such test would be essentially characterized as:
· 
4x2 antenna configuration; perhaps no need to cover 8x2.

· 
Follow CQI, PMI, RI.

· 
4 HARQ transmissions.

· 
To cover the SNR aspect of the rank estimation: the SNR (signal level) could be swept across a suitable SNR range, combined with one of the RAN4 fading channels.

· 
To cover the channel correlation aspect: the test could be carried out with low, [med], and high antenna correlations.

The obvious downside of the proposed method is that the demodulation, CQI, and PMI performance are reflected in the test outcome in addition to the RI. However, considering the obvious problems associated with the relative testing (especially in the case of rank-2), we believe that the proposed test would still provide a better, and most importantly, a more receiver agnostic indication of the RI estimation accuracy. Furthermore, such “all-switched-on” test would nicely complement the existing verification framework, as no such test exists at the moment.
7. Proposed verification framework
Our proposal for the TM9 CSI verification framework is summarized in Table 1 below:
Table 1 – Proposed CSI test cases for TM9
	
	Test
	Number of codewords
	Channel bandwidth
	Reporting mode
	Propagation channel
	Antenna conf.
	Antenna corr.

	CQI tests
	AWGN test
	2
	10 MHz
	PUCCH 1-1-1
	Static
	4x2
	-

	
	Frequency non-selective test
	1
	10 MHz
	PUCCH 1-1-2
	EPA5
	4x2
	ULA H/H

	
	Frequency selective test
	1
	10 MHz
	PUSCH 3-1
	2-tap
	4x2
	Full correlation

	PMI tests
	Single PMI test
	1
	10 MHz
	PUSCH 3-1
	TBD
	4x2
	ULA L/L

	
	
	1
	10 MHz
	PUSCH 3-1
	TBD
	8x2
	XP 
[Low correlation or High spatial correlation]

	
	Multiple PMI test
	1
	10 MHz
	PUSCH 1-2
	TBD
	4x2
	ULA L/L

	
	
	1
	10 MHz
	PUSCH 1-2
	TBD
	8x2
	XP 
[High spatial correlation]

	RI test
	TBD


Note that the main purpose of the CQI tests would be to verify that the UE is capable of estimating the CQI based on CSI-RS (and CRS for interference) with sufficient accuracy. As there should be no major difference in the CQI estimation accuracy between 4 and 8 TX, verifying either 4 or 8 TX would be sufficient. In our view 4 TX should be preferred over 8 TX as to ensure sufficient test coverage.

The UE selected subband modes could be considered slightly later, pending for the finalization of the Rel-9 requirements. 
8. Conclusions

The main proposals of this contribution are summarized below:

· 
Proposal 1: The expected accuracy of the equivalent channel matrix w.r.t phase errors needs to be clarified.
· 
Proposal 2: All relevant CSI feedback aspects will be verified at least for 4 TX antenna ports while a more limited set of test cases will be specified for the UEs supporting 8 TX antenna ports.
· 
Proposal 3: The TM9 verification framework will be built upon feedback modes supporting PMI feedback.
· 
Proposal 4: The fading CQI tests will be built upon high channel correlation and follow-PMI.
· 
Proposal 5: The PMI reporting accuracy is verified following the principles discussed in Section 5.
· 
Proposal 6: A new rank indication test will be specified based on an absolute throughput metric.
· 
Proposal 7: Test cases listed in Table 1 are adopted for the CSI verification in Rel-10.
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