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1. Introduction
Some initial views were provided in RAN4#57 meeting regarding the verification of the UE CSI reporting accuracy in Rel-10 [1]. However, due to the open issues regarding the feedback mode design, only general aspects could be addressed. Now that RAN1 has concluded most of the open issues, it becomes possible to continue the discussions in RAN4.
In the present contribution we provide further views regarding the generic aspects such as the prioritization of the feedback modes, number of CSI-RS antenna ports, use of the CRS for interference estimation in CQI derivation, and handling of the collisions between CSI-RS and system information blocks. Furthermore some initial considerations regarding the actual verification framework is given.
2. Generic aspects
Feedback modes
The following new feedback modes are specified for TM9 in LTE Release-10:
· PUSCH 1-2

· PUSCH 2-2

· PUSCH 3-1

· PUCCH 1-1 submode 1

· PUCCH 1-1 submode 2

· PUCCH 2-1 with PTI=1

· PUCCH 2-1 with PTI=1

It is being discussed in RAN1 whether some reporting modes without PMI feedback would be needed for TM9, similar to TM8 in Release-9. This is currently under discussion in RAN1 but we note that that TM8 offers already such possibility.
Covering all the above modes in one batch seems a bit challenging from the RAN4 workload point of view. It is hence proposed that the modes 1-x and 3-x are considered in the first stage, returning to the modes 2-x slightly later. It should be noted that the modes 1-x and 3-x are fairly similar to the existing feedback modes, hence allowing the reuse of the existing verification principles and consequently ensuring a timely completion of the requirements. It is also good to note that the discussions regarding the requirements for reporting modes 2-x in LTE Release 9 are ongoing in RAN4 and should be completed before moving on to the Release-10 (TM9) requirements.
Proposal 1: The following four reporting modes are considered in the first batch of the CSI requirements: PUSCH 1-2, PUSCH 3-1, PUCCH 1-1 (submode 1), PUCCH 1-1 (submode 2).
Number of CSI-RS antenna ports
As already agreed in [2], the single CSI-RS port configuration will be de-prioritized in the design of the Rel-10 MIMO requirements. Considering that each baseline CSI test (e.g. AWGN, frequency non-selective, frequency selective, etc) needs to be in principle verified against all possible CSI-RS configurations as to ensure sufficient feedback accuracy in all situations, the amount of the new requirements in the initial batch soon becomes high. It needs to be hence considered whether some further prioritization would be needed regarding the CSI-RS antenna port configurations. 
In particular it could be considered whether requirements are needed for 2 CSI-RS at the initial stage, as this configuration is expected to be mainly useful in the context of CoMP, which will be available in LTE Release-11 at earliest. Hence the initial requirements could be derived for the 4 and 8 CSI-RS configurations, covering both legacy and dual-codebook structures. It should be however noted that the support of 8 CSI-RS might become optional to the UE, however this is TBD in RAN1 [4]. 
Proposal 2: The initial CSI-RS requirements are built upon the 4 and 8 CSI-RS configurations.
Applicability of CRS for CQI estimation
Although the estimation of the PMI and the own signal part of the CQI shall be strictly based on the CSI-RS, the use of CRS for the estimation of the interference part shall be allowed in order to guarantee sufficient CQI estimation accuracy. In other words no test should be specified that would restrict the UE implementation freedom in this respect. 
The RAN1 agreement [5] goes in the same direction:

· 
When a Rel-10 UE is configured in transmission mode 9, it uses only CSI-RS (1, 2, 4, or 8 CSI-RS ports) for channel estimation for all CSI feedback modes

· Note that this does not mandate the UE to estimate interference in a particular way (e.g. only using CSI-RS or only using CRS)

It is shown in [2] that the agreed CSI-RS density (1 RE/port/PRB) does not allow reliable interference covariance estimation based on CSI-RS even in the case of 8 TX antenna ports: in our view CRS offer the only alternative for proper interference estimation in LTE Rel-10.
Proposal 3: The use of the CRS shall be allowed for the estimation of the interference part of CQI.

Handling of the collisions between CSI-RS and SIB>1
RAN1 informs RAN4 in their LS [5] that there is no standardized mechanism to avoid collisions between CSI-RS and SIBx, where x >1. Consequently, RAN1 recommends RAN4 to specify the CSI test cases for TM9 in such manner that no collision occurs between CSI-RS and SIBx, where x >1. As at least SIB2 and SIB3 are likely to be utilized in the Rel-10 demodulation and CSI test cases (see 36.508 section 4.4.3.1.2), the CSI-RS scheduling should be designed in such manner that no collisions will occur.
Proposal 4: The CSI test cases should be designed in such manner that no collision will occur between the CSI-RS and SIB2/SIB3.
3. Initial considerations on the test cases
The CSI requirements for TM9 should be primarily built upon the principles adopted in Rel-8 and 9, as to ensure a timely completion of the requirements. Further improvements in the test methodology are not precluded, but any amendment should be justified by a clear improvement in the test intent/scope.
Note that the verification framework is somewhat conditional to the conclusion on the non-PMI feedback modes, as the CQI tests could be arranged much like in Release-8 if the non-PMI modes were allowed for TM9. In the following, it is however assumed that the non-PMI feedback is not possible in TM9. The framework is also conditional to the decisions regarding the definition of the CQI reference resource, which is currently being discussed in RAN1.
In the following, we provide some initial views on the possible test cases. The design is largely based on the existing verification methods, with the aim of identifying the areas where some further considerations might be needed.

CQI reporting under AWGN conditions
The purpose of the AWGN tests would be to verify the accuracy of the wideband CQI (bias and variance) in the case of 4 or 8 CSI-RS antenna ports. Note that the bias is limited by the fading tests too.
The main difference between the existing tests in the chapter 9.2 of 36.101 and the new TM9 tests would be the support of PMI, assuming that the non-PMI feedback is not supported in TM9. The possible reporting modes for the TM9 test would be PUCCH 1-1 and PUSCH 1-2, both supporting wideband CQI feedback and single/multiple PMI feedback.
For the single-codeword test, the reported rank would need to be fixed to rank-1 by the codebookSubsetRestriction bitmap while the PMI feedback could be simply ignored in the eNB emulator. The nominal channel model would be 4x2 or 8x2 AWGN, although no precoding would be applied in the TX antenna ports i.e. the same signal would be transmitted from each physical TX antenna. The mapping of the transmitted signals (user data, CRS, DRS, and CSI-RS) to the TX antenna ports would need to be clarified in the test setup. 
The existing dual-layer test needs to be extended to 4 and 8 TX antenna ports in a similar manner. The static channel matrix given in B.1 of 36.101 would need to be extended to 4 and 8 TX antennas, as to ensure orthogonal conditions for the two MIMO streams.
Frequency non-selective CQI reporting in fading conditions
The purpose of the frequency non-selective CQI test would be to verify that the UE does not apply excessive time-domain averaging (on the signal component) when estimating the wideband CQI. As another purpose, the test would put some further limitation on the CQI bias.
The main difference between the existing PUCCH 1-0 fading test case defined in Section 9.3.2 and the new TM9 test would be again in the handling of the PMI. Unlike the AWGN cases, follow PMI would need to be applied to the transmitted signal, as the reported CQI values are conditional to a certain precoder. For the calculation of the median CQI, either follow-PMI, random PMI, or a fixed PMI could be assumed in principle. As the intention of these tests would be not to verify the PMI accuracy, follow PMI would be the preferred choice.
The propagation channel should be relatively flat with a moderate Doppler, such as EPA(X). For correlation matrix, an existing 4x2 matrix could be adopted for 4 CSI-RS and one of the newly-defined 8x2 XP matrices for 8 CSI-RS. Note that a high correlation was adopted in Rel-8/9 as to emphasize the channel fluctuations in time-domain, with the aim of to catching the possible time-domain averaging in the UE. A slightly higher Doppler (compared to 5 Hz) could be perhaps considered in Release-10 to facilitate this purpose.  
The reporting mode could be PUSCH 1-2, with an additional benefit that it does not suffer from the collisions with A/N and rank reports.

Frequency selective CQI reporting in fading conditions
The purpose of the frequency selective CQI tests would be to verify that the UE does not apply an excessive frequency-domain averaging (on the signal component) when estimating the CQI for a certain subband.
The reporting mode would be PUSCH 3-1, with similar considerations regarding the PMI feedback as for the frequency non-selective case.
The 2-tap model would need to be extended to 4 and 8 TX antennas.
Frequency selective interference

The purpose of the frequency selective interference test would be to verify that the UE does not apply an excessive frequency-domain averaging (on the interference component) when estimating the CQI for a certain subband.

PUSCH 3-1 with 2-tap channel and piecewise AWGN profile could be used as in Release-8.
Time selective interference
Such test case does not exist in the current verification framework but would be likely needed in order to ensure that the UE does not apply any abusive interference averaging when restrictions on CSI measurements are in place, e.g. in the case of eICIC. Interference averaging within the subset where measurements are restricted to should be probably allowed, however subject to the RAN1 decision on the CQI reference resource.
PMI reporting
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. One 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 could be considered in addition to a single-layer. 

For 4 TX cases: 

· It should be noted that the 4 TX rank 1-2 PMI is not verified as part of the Release 8 tests, hence one would complement here the existing test coverage.

· Spatial correlation modeling could be based on the existing framework in TS 36.101, Section B.2.3.

For 8 TX cases: 

· Spatial correlation modeling with cross-polarized antennas should be prioritized, following the agreement in [7].

· The PMI testing methodology should be drafted keeping in mind the spirit of the 8 TX double codebook:

· W1 precoder targets long-term wideband channel properties: 

· Scenarios with high spatial correlation at the eNB side should hence be prioritized (see [6]) as they enforce by design such wideband channel structure.

· W2 precoder targets short-term frequency selective channel information:

· For Rank-1 single PMI, reporting channel conditions should favor precoding gain over random precoding, which requires high overall correlation. There are essentially two ways to do so: 

a) 8-Tx cross-polarized antennas assuming high spatial correlation at eNB side and uniform linear array at UE end (see [6]).

b) Uniform linear array (ULA) at both eNB and UE where spatial correlation modeling follows [7] for 8 TX ULA and the existing framework is applied for 2 RX ULA.
· It makes sense to test Rank-1 multiple PMI reporting in channel conditions with relatively low overall channel correlation. With 8-Tx cross-polarized antennas and high spatial correlation at eNB side, this is achieved by having cross-polarized antennas at the UE end (see [6]).

· The same remarks hold for Rank-2 multiple PMI reporting.
RI reporting

Rank reporting should be considered with the focus on rank 1-2 as 2 RX cases are to be prioritized. Similarly to PMI reporting, spatial correlation scenarios need to be set accordingly for the particular rank to be tested.

4. Conclusions

In the present contribution we discuss some further aspects regarding the CSI verification in transmission mode 9. Our proposals are summarized below for convenience:
Proposal 1:
The following four reporting modes are considered in the first batch of the CSI requirements: PUSCH 1-2, PUSCH 3-1, PUCCH 1-1 (submode 1), PUCCH 1-1 (submode 2).
Proposal 2: 
The initial CSI-RS requirements are built upon the 4 and 8 CSI-RS configurations.

Proposal 3: 
The use of the CRS shall be allowed for the estimation of the interference part of CQI.
Proposal 4: 
The CSI test cases should be designed in such manner that no collision occurs between the CSI-RS and SIB2/SIB3.
In addition we outline some aspects where further consideration might be needed regarding the actual test case design.
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