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1. Introduction

In the RAN4 #71 meeting a number of initial agreements on the LTE TDD eIMTA [1] impact on the UE demodulation and CSI reporting requirements were reached [2]:

· The following tests are FFS

· PDCCH/PCFICH demodulation tests

· EPDCCH demodulation tests

· CSI reporting tests
· Companies are encouraged to bring more input in the next meeting on the set of supported UE demodulation and CSI tests and associated test purposes

· FFS on interference models to be used for different eIMTA tests

· Interested companies may provide system-level simulation to check the interference characteristics

In this contribution, we share our views on the eIMTA CSI reporting requirements. In the companion contributions [3] and [4] we provide views on the details of the test setup for the eIMTA UE demodulation framework and functional PDSCH demodulation reporting tests.
2. Discussion
In case of eIMTA operation different TDD UL-DL configurations can be used in the serving and neighbouring cells and hence cross DL-UL interference can be introduced in the reconfigurable subframes. In general case, the interference level may substantially vary between the regular DL subframes, which experience “legacy” DL interference, and flexible subframes, which experience a mix of DL and UL interference. To allow more efficient scheduling the enhanced subframe set dependent CSI measurement / feedback functionality was introduced in the eIMTA WI. The respective functionality is covered by eIMTA Rel12 capability [7-3] and includes the following components [5]:

1) Rel-12 DL CSI subframe set configuration for a serving cell.
2) CSI measurement and reporting with Rel-12 DL subframe sets for TM 1 – 9. 

3) CSI measurement and reporting with Rel-12 DL subframe sets for TM 10, and configuration of additional CSI-IM resource for a CSI processes for TM 10, if the UE supports TM10.
4) Configuration of two ZP CSI-RS for TM 1 -- 9 and PDSCH RE mapping by rate matching around the configured ZP-CSI-RS configurations.
5) Configuration of two ZP CSI-RS for TM 1 -- 9 and EPDCCH RE mapping by rate matching around the configured ZP-CSI-RS configurations, if the UE supports EPDCCH.
6) Configuration of two ZP CSI-RS for TM 10 and EPDCCH RE mapping by rate matching around the configured ZP-CSI-RS configurations, if the UE supports TM10 and EPDCCH.
2.1 Test purposes
As proposed in [3], the CSI reporting tests need to be defined to enable verification of the new eIMTA functionality and in particular verification of the correct implementation of UE LTE Rel12 capability [7-3]. The summary of considered eIMTA CSI tests and associated test purposes is provided in Table 1. In our view, the test for verification of at least TM1-TM9 (i.e. non-TM10) related functionality need to be introduced, while the need for TM10-related tests needs to be further discussed.
Table 1. eIMTA CSI tests 

	Test
	Minimum UE capabilities
	Main test purposes
	Priority

	Base CSI reporting tests
	Rel12 eIMTA [7-3] 
	1) Verification of Rel-12 DL CSI subframe set configuration for a serving cell
2) Verification of eIMTA CSI measurements functionality in case of 2 subframe sets for TM1-9

3) Verification of configuration of two ZP CSI-RS for TM 1 - 9 and PDSCH RE mapping by rate matching around the configured ZP-CSI-RS configurations
	High

	DL CoMP CSI reporting tests
	· Rel12 eIMTA [7-3] 
· Rel11 DL CoMP with single/multiple CSI processes
	Verification of CSI measurement and reporting with Rel-12 DL subframe sets for TM 10, and configuration of additional CSI-IM resource for a CSI process for TM 10
	Medium


Proposal:

1. The CSI tests for verification of at least TM1-TM9 (non-TM10) related functionality need to be introduced.

2.2 Test setup
Test types
In our view, the similar category of tests as for the eICIC/FeICIC should be introduced. At least correct CQI reporting for the two subframe sets needs to be tested. In addition, RI test can be considered to verify rank reporting under subframe-specific interference conditions. However, the CQI reporting verification is more important and needs to be considered with higher priority, due to potentially different interference levels on different subframe sets. At the same time, eIMTA does not have impact in the PMI estimation accuracy and there is no need to define the respective tests.
Proposal:

2. The CQI reporting tests to verify correct reporting for the two subframe sets need to be introduced. The need for RI tests is FFS. PMI tests are not needed.
Other eIMTA capabilities

In the eIMTA scope the definition of the CSI reference resource has been adjusted to take into account potential TDD UL-DL reconfiguration. The respective functionality needs to be verified. So, at least the tests for UEs which have both LTE Rel.12 capabilities [7-1] and [7-3] should be considered. Whether CSI tests for UEs supporting capability [7-3] only without capability [7-1] need to be considered depends on the outcome of the RAN1 WG discussion on the capability [7-3] prerequisites.

Proposal:

3. The CSI reporting tests for UEs which have both LTE Rel12 capabilities [7-1] and [7-3] need to be introduced.
eIMTA parameters
The PDSCH test setup ensures comprehensive testing of the TDD UL-DL reconfiguration functionality. For the CSI tests more simplified parameters can be used. For instance two possible dynamic TDD UL-DL configurations can be considered and the L1 reconfiguration DCI periodicity can be set to 20 ms:
TDD UL-DL configurations:

· SIB1 TDD UL-DL configuration #0

· DL HARQ reference TDD UL-DL configuration #5

· Dynamic TDD UL-DL configurations {0, 5}

· Dynamic TDD UL-DL configurations are randomly selected from a possible subset on a per-DCI basis.

L1 reconfiguration DCI transmission parameters

· Periodicity of monitoring the L1 reconfiguration DCI is 20ms

· The set of subframes to monitor the L1 reconfiguration DCI includes subframes {0}

Propagation conditions
The CQI reporting tests under AWGN propagation conditions would provide wide enough test coverage. The fading channel tests aim to verify frequency selective CQI reporting, while the considered eIMTA functionality is applicable for both wideband and subband reports. So, we do not see strong motivation to introduce CQI reporting tests for the fading channel propagation conditions.
Proposal:

4. AWGN propagation conditions are used for the CQI reporting tests.
Transmission modes
The eIMTA functionality has different implication on the TM1-TM9 and TM10 operation:

· For a Rel-12 UE configured with eIMTA and TM 1-9 on a serving cell, the UE can be configured with up to 2 ZP-CSI-RS configurations. The UE shall perform PDSCH/EPDCCH RE mapping by rate matching around the configured ZP-CSI-RS configurations. 

· For a Rel-12 UE configured with eIMTA, TM10, EPDCCH, and two Rel-12 CSI subframe sets on a serving cell, the UE can be configured with an additional csi-RS-ConfigZPId-r11 for each EPDCCH set for EPDCCH RE mapping. The UE shall perform EPDCCH RE mapping by rate matching around this additional ZP-CSI-RS configuration and the existing ZP-CSI-RS configuration indicated in the PQI associated with the EPDCCH. TM10 PDSCH RE mapping is the same as in Rel-11.

· For a Rel-12 UE configured with eIMTA, TM10, and two Rel-12 CSI subframe sets on a serving cell, the UE can be configured with separate Pc and codebook subset restriction for each of the two Rel-12 CSI subframe set of a CSI process. 
In our view, at least the tests for non-TM10 modes should be defined. The TM10 tests may also be considered, but have lower priority in our view. For the non-TM10 tests either CRS or CSI-RS based CQI reporting can be considered.
Test metric
The CQI difference test metric defined in the eICIC framework can be reused for the eIMTA tests: “the value of the median CQI obtained by reports in CSI subframe sets CCSI,0 minus the median CQI obtained by reports in CSI subframe sets CCSI,1 shall be larger than or equal to X and less than or equal to Y”.
Proposal:

5. The CQI difference test metric defined in the eICIC framework is reused for the eIMTA tests.
2.3 Interference model

The enhanced IS/IC receivers are not considered in the eIMTA scope, so there is no need to explicitly model interference signal and AWGN conditions can be used instead simplifying the test design.

The flexible and regular DL subframes may have different interference environments since the set of active stations transmitting in DL flexible subframes can be different (e.g. some stations may use flexible subframes for UL). Typically, the UL transmissions in neighboring cells increases the DL SINR at flexible subframes, since UEs transmit at lower power level and UE-UE links have high pathloss. Therefore, the CQI estimated at the regular subframes is typically lower comparing with the CQI observed at flexible subframes [6]. For instance, in Figure 1 we show an example of the CDF of the difference in the optimal MCS between DL regular subframe #0 and flexible subframe #3 in the Pico-Pico co-channel scenario. The optimal MCS index is estimated at the receiver side assuming the FTP traffic in DL and UL (λDL = 2 and λUL = 1) for different interference management schemes: TA – no inter-cell coordination, CC – cell clustering. Based on these results it can be seen that the MCS difference is observed for a small portion of UEs and actually the distribution depends on the applied IM mechanism. In the considered eIMTA scenarios with non-full buffer FTP traffic model, the significant CQI difference among regular and flexible subframes is not a frequent event since the DL transmissions have high geometry SINR, especially at the medium and low system loadings, so that even if dominant interferer changes, the difference in CQI level may not be noticeable due to high SINR and MCS constraints.
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Figure 1. Example of the CDF of the difference the optimal MCS between regular and flexible subframes of the same frame

Observations:

· The CQI measurements at the DL regular subframes can be seen as pessimistic/conservative measurement compared to flexible subframes for DL transmission.

· The CQI difference between regular and flexible subframes depends on applied DL-UL interference mitigation schemes and traffic adaptation strategy.

To verify correct CSI reporting for two subframe sets it is important to emulate the different interference conditions in the regular and flexible subframes. As shown by the RAN1 WG analysis the actual interference environment significantly depends on the set of considered IM techniques, set of analysed UE, scheduling assumptions, loading, etc. To get aligned realistic interference profiles a detailed system-level analysis would be required by the interested RAN4 WG companies and the alignment might be problematic. So, in our view for the sake of the eIMTA CSI reporting test design the artificial interference conditions can be emulated which would allow good differentiation of the good and bad UE implementations. In particular, the AWGN level in different subframes can be chosen in way to achieve good differentiation of the CQI levels reported in different subframes (e.g. CQI difference > 3).
Proposals:

6. The interference is not explicitly modelled in the eIMTA CSI reporting tests. AWGN model with different noise levels in regular and flexible DL subframes is used. The power levels are chosen in way to allow good differentiation of the reported CQIs.

3. Conclusions

In this contribution, we provided our views on the LTE TDD eIMTA impacts on the CSI performance requirements. In summary, we make the following proposals:

Proposals:

1. The CSI tests for verification of at least TM1-TM9 (non-TM10) related functionality need to be introduced.

2. The CQI reporting tests to verify correct reporting for the two subframe sets need to be introduced. Whether RI tests needed is FFS. PMI tests are not needed.
3. The CSI reporting tests for UEs which have both LTE Rel12 capabilities [7-1] and [7-3] need to be introduced.

4. AWGN propagation conditions are used for the CQI reporting tests.
5. The CQI difference test metric defined in the eICIC framework is reused for the eIMTA tests.
6. The interference is not explicitly modelled in the eIMTA CSI reporting tests. AWGN model with different noise levels in regular and flexible DL subframes is used. The power levels are chosen in way to allow good differentiation of the reported CQIs.
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