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1 Introduction
In this contribution we propose test configurations for CSI reporting tests for eDL-MIMO in Rel-10. We propose to limit the additional tests to Transmission mode 9, since Transmission Mode 8 reporting is based on CRS that is already covered in earlier releases. For transmission mode 9 the TS 36.213 mandates that [1]
For transmission mode 9 configured PMI/RI and feedback reporting modes the UE shall derive the channel measurements for computing the CQI value reported in uplink subframe n based on only the Channel-State Information (CSI) reference signals defined in [3]. For transmission mode 9 when PMI/RI reporting is disabled and other transmission modes and their respective reporting modes the UE shall derive the channel measurements for computing CQI based on CRS.
The PMI/RI disabling is optional for Transmission mode 9, so all initial CQI tests should be should be based on CSI-RS with PMI/RI configured when applicable. While the CQI reporting is based on the CSI-RS (antenna ports 15-22), the calculation of the CQI is also conditioned on the PMI reported with the number of codewords conditioned on the reported RI.
For the reported PMI value for transmission mode 9 the definition for 
For transmission modes 4, 5, 6 and 9, precoding feedback is used for channel dependent codebook based precoding and relies on UEs reporting precoding matrix indicator (PMI). For transmission mode 8, the UE shall report PMI if configured with PMI/RI reporting. […] 

For 2 and 4 antenna ports, each PMI value corresponds to a codebook index given in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [3] as follows:
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· For 4 antenna ports 
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 given in Table 6.3.4.2.3-2 of [3] with 
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 equal to the associated RI value.
For 8 antenna ports, each PMI value corresponds to a pair of codebook indices given in Table 6.3.4.2.3-3, 6.3.4.2.3-4, 6.3.4.2.3-5, 6.3.4.2.3-6, 6.3.4.2.3-7, 6.3.4.2.3-8, 6.3.4.2.3-9, or 6.3.4.2.3-10 of [3] as follows:

· For 8 antenna ports
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 and a second PMI value of 
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· In some cases codebook subsampling is supported.  […] 
Hence for 2 and 4 antenna ports, the PMI is tied to the CRS (antenna ports 0-3) according to the latest version of TS 36.213 v10.1.0 [1], but on the CSI-RS for 8 TX. Although not specified in v10.1.0 we assume that the intention is that the CQI definition for Transmission mode 9 above also applies to PMI and RI: 
the UE shall derive the channel measurements for computing the PMI and RI values reported in uplink subframe n based on only the Channel-State Information (CSI) reference signals 
and that the codebooks for 2 and 4 antenna ports are also used for ports 15-18. Given this, the aim for the initial CSI reporting tests should be to 

1. Guarantee sufficient performance for CSI-RS based reporting with its lower density compared to CRS

2. Verify that CQI/PMI/RI reporting is actually based on the CSI-RS 

3. Verify the new code book for 8 TX antennas (TDD only)

For Item 3 this should be made in terms of PMI and RI tests for TDD, the CQI based on CSI-RS can be made in a similar way for both FDD and TDD. The tests should be limited to 2 RX antennas.
It proposed to use the same test metrics as for Rel-8 and the same reference receiver. For the CSI-RS test the reporting should therefore be based on the higher-layer scheduled that also allows use of the reporting percentiles for verification in addition to the throughput metric. There is no need to verify all reporting modes, this is done for Rel-8 and has to be passed by the Rel-10 UE too. The PUCCH sub-modes are possible exceptions.
The number of test cases should be kept to a minimum bearing in mind the timescale for Rel-10 performance requirement. It is also noted Rel-10 UE must also meet all reporting requirements for earlier releases when entering a cell not configured with Transmission mode 9, and the overall test count for Rel-9 has increased. 

2 Making sure the CSI-RS is actually used
For dual-layer tests one could configure only one CRS in the e.g. the RI test and set the number of CSI-RS ports equal to the number of TX antenna connectors. The same single CRS antenna port is thus mapped to all connectors. This means that a UE using the CRS for estimation will most likely not pass the rank test if the channel correlation is properly chosen since the single CRS effectively experiences a rank-1 channel. 
Another route that should work for single-layer tests is to try to play with the PDSCH EPRE in relation to the CRS and CSI-RS and use different level of boosting. We have the usual ratio of PDSCH EPRE to cell-specific RS EPRE, whereas the assumed ratio Pc of PDSCH EPRE to CSI-RS EPRE when UE derives CSI feedback takes values in the range of [-8, 15] dB with 1 dB step size. These power parameters are signaled by higher layers and it is straightforward to find the power balance between the CRS and the CSI-RS, so varying the values on the fly will not help. However, the following more brutal method suggests itself:
1. Configure the CQI test with the desired number of CSI-RS ports with TM9 and perform in a Rel-8 fashion recording the percentiles and the throughput ratio
2. The signaled power values Pc and CRS boosting are kept constant throughout the test

3. Shut off (mute) the CSI-RS at a random time instant T1 for a fixed duration without changing the signaled values, which corresponds to “artificial notches” at the CSI-RS RE in the time-frequency grid
4. If the test is carried out at a relatively high SNR the follow-CQI throughput values should be drastically reduced and the throughput ratio should be < 1
5. When the CSI-RS are sent the throughput ratio should be > 1, if the same prevails during the muted interval in Step 3 something spooky is going on.

The above would be abnormal network behaviour but can perhaps be achieved in the test equipment that has greater freedom. 
3 Configuration of initial tests and relation to network deployment
The main purpose of the tests in general is to  

· verify functionality
· ensure sure basic system performance under live conditions
The 8TX precoder codebook is a new feature, and deployments with 8TX antennas already exist. This motivates a PMI test TDD for which support of this codebook is mandatory, recognizing that this means increased complexity of the test equipment compared to today’s 4TX antennas. However, for the CQI tests one could possibly look at 2 CSI-RS ports or even one single in order to keep it simple initially and reuse as much as possible from Rel-8 in verifying the feature, even if 4 TX antennas/CSI-RS port would be more tractable from a deployment viewpoint. 
The applicable reporting modes for TM9 are
· For PUCCH: Modes 1-1, 2-1 if the UE is configured with PMI/RI reporting and number of CSI-RS ports>1; modes 1-0, 2-0 if the UE is configured without PMI/RI reporting or number of CSI-RS ports=1.
· For PUSCH: Modes 1-2, 2-2, 3-1 if the UE is configured with PMI/RI reporting and number of CSI-RS ports > 1; modes 2-0, 3-0 if the UE is configured without PMI/RI reporting or number of CSI-RS ports=1
Bearing in mind the Rel-10 time frame, it is not realistic to verify all these modes. Moreover, the reporting on PUCCH will have to assume use of Format 2, which means that PUSCH reporting has to be used in practice to avoid clashes between CSI reporting and A/N. This is a particular problem for TDD with the limited UL slots, but could perhaps be possible if U/D Configuration 0 is used and CSI-RS is scheduled with 10 ms periodicity. Hence most of the test should be configured for PUSCH 1-2 or PUSCH 3-1 reporting. 
The tests should be “orthogonal” just as for Rel-8 which means e.g. use of precoder subset restriction. 
4 CQI tests

The simplest way of verifying CQI reporting with CSI-RS configured is to reuse the Rel-8 test setup with the 1 x 2 antenna configuration but modify this for TM9 with the requisite DMRS ports. Alternatively 4TX can be used, and we consider this last. 
4.1 Wideband CQI fading test (FDD and TDD)
The basic test setup for the wideband CQI fading test can be very similar to Rel-8

· 1 x 2 antenna configuration with EPA5 and high correlation

· For CRS: antenna port 0

· For PDSCH: ports 7 and 8 configured with fixed rank-1 transmission, the precoder obviously fixed
· For CSI-RS: antenna port 15 with 5 ms periodicity
· For TDD: U/D configuration 2
· Reporting mode: choose PUSCH 3-0 (wideband CQI) that will have to be used for TDD anyway
The requirements can be of the same type as for Rel-8 to verify performance:
a) a CQI index not in the set {median CQI -1, median CQI +1} shall be reported at least % of the time;
b) the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be ≥ 
c) when transmitting the transport format indicated by each reported wideband CQI index, the average BLER for the indicated transport formats shall be greater or equal to TBD 

but complemented by an additional requirement when the CSI-RS is muted by the test equipment as described in Section 2:
d) from time T1 and during the time interval TBD, the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index and that obtained when transmitting a fixed transport format configured according to the wideband CQI median shall be < m 
SNR test points in the range 6-12 dB should work.
4.2 Sub-band CQI fading test (FDD and TDD)
The sub-band test could be configured as above but with the EPA5 channel replaced by the static two-tap model. In fact, it can be sufficient to carry out this test with the frequency-selective interference, then the static two-tap could be replaced by EPA5 and there is not much additional work to be done of more than one TX antenna is desired. The requirements could be  
a) a sub-band differential CQI offset level of +2 shall be reported at least  % for at least one of the sub-bands of full size at the channel edges;

b) the ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be ≥ ;
and complemented by

c) from time T1 and during the time interval TBD, the ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median before T1 on a randomly selected sub-band in set S shall be < m
The last step is perhaps not strictly necessary since carried out for the wideband test.
4.3 Static

The static tests are needed to verify the CQI definition with CSI-RS ports, these case be carried out similarly to Rel-8 but it may suffice to

· verify the static condition using two codewords,

but consider the use of PUCCH 1-1 with Format 2 that is perhaps not useful for TDD. However, the U/D Configuration 0 with the CSI-RS configured in the one available SF in the radio frame may make this possible. The muting of the CSI-RS may not be needed since both fading tests fail if CRS-RS is not used.
4.4 Going 4TX

If 4TX is absolutely needed, then one can make the following changes
· 4 x 2 antenna configuration with EPA5 and high correlation

· For CRS: antenna port 0 (one single CQI value reported assuming PMI for one port)
· For PDSCH: ports 7 and 8 configured with fixed rank-1 transmission, random precoding just as in the TM9 demodulation tests

· For CSI-RS: antenna ports 15, 16, 17, 18 with 5 ms periodicity

The CSI-RS density changes but not much is added from a functional verification standpoint, and a channel model for a      4 x 2 antenna configuration must be developed.
5 The PMI test 
The PMI reporting should be verified at least for 8TX case that involves the new code-book, this only for TDD. For FDD support of up to 4TX is mandatory for TM9. Rank-one transmission can be used which maximized the number of directions that can be chosen and the precoding gain. The basic test setup would be
· 4 x 2 (FDD) and 8 x 2 (TDD) antenna configuration with EPA5 or similar (low Doppler for PMI reporting)

· FRC transmission, full allocation 

· For CRS: antenna port 0

· For PDSCH: ports 7 and 8 configured with fixed rank-1 transmission, the precoder following the UE report
· For CSI-RS: antenna ports 15-18 (FDD) and 15-22 (TDD) with 5 ms periodicity

· For TDD: U/D configuration 2 or 0 if possible (10 ms periodicity in the latter case)
· Reporting mode: choose PUSCH 1-2 or PUCCH 1-1 if feasible considering clashes with A/N
with a test metric similar to Rel-8
The minimum performance requirements of PMI reporting are defined based on the precoding gain, expressed as the relative increase in throughput when the transmitter is configured according to the UE reports compared to the case when the transmitter is using random precoding, respectively. Transmission mode 9 is used with a fixed transport format (FRC) configured. The requirements are specified in terms of the ratio
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and complemented by an additional requirement when the CSI-RS is muted by the test equipment as described in Section 2 since a rank-1 test, then the precoder gain shall be be < m during a fixed interval starting at T1 with CSI-RS muted.
The Single-PMI wideband test in Rel-8 corresponds to the W1 (first PMI 
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) that targets frequency-selective/short-term time channel properties. Both could be tested.
6 RI reporting

To make sure CSI-RS are used for the RI estimation we configure one single CRS mapped to all TS antenna connectors. One could reuse the 2 x 2 antenna configuration of Rel-8, but also increase the number of antennas to 4/8 for FDD/TDD since proposed for the PMI test. Hence the RI test for can be configured as follows:
· 2 x 2 antenna configuration with EPA5 or similar (low Doppler for PMI reporting)

· Alternatively 4 x 2 (FDD) or 8 x 2 (TDD) antenna configuration

· For CRS: antenna port 0
· For PDSCH: ports 7 and 8 configured, follow-CQI/RI transmission, but perhaps a fixed PMI by precoder subset restriction to make tests “orthogonal”
· For CSI-RS: antenna ports 15-16 (for 2 x 2) with 5 ms periodicity

· For TDD: U/D configuration 2 or 0 if possible (10 ms periodicity in the latter case)

· Reporting mode: choose PUSCH 3-1
· No HARQ retransmissions

The propagation channel is EPA5 using in two test cases:

· Test 1: high SNR and low correlation (favours rank-2 reporting)

· Test 2: high SNR and high correlation (favours rank-1 reporting)

that penalize SNR-based RI reporting. The PUCCH 1-1 sub-modes could be tested if feasible and 8TX is chosen.
7 Proposal
For the intial CSI reporting tests it is proposed to verify
· CQI reporting tests for 1x2 antenna configuration with CSI-RS for FDD and TDD, hence 1 CSI-RS
· PMI using 8 x 2 antenna configuration for TDD to verify the new codebook, 4 TX for FDD, in a rank-1 test
· RI using a 2 x 2 antenna configuration single CRS configured and 2 CSI-RS

in tests that also verify that the CSI-RS is actually used while reusing the setup from Rel-8 as much as possible. The PUSCH reporting modes should be used in most cases to avoid the A/N collision problems for mandatory formats, but the PUCCH 1-1 sub-modes could perhaps be used if feasible (FGI). 
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