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1. Introduction

In RAN4 #72 a number of agreements on the LTE TDD eIMTA CSI reporting requirements were reached [1]:

· CSI requirements

· No new PMI, and RI tests are defined for LTE TDD eIMTA

· The new CQI requirements shall be defined at least for UE CQI measurement and reporting with Rel-12 DL subframe sets
· Following items are candidate CQI test purposes as sub features of CQI measurement and reporting with Rel-12 DL subframe sets. RAN4 have no discussion on the prioritization of these features.

· Aperiodic/Periodic CSI report with Rel-12 signaling concerning on new configuration
· CSI measurement and reporting with Rel-12 DL subframe sets for TM 1 - 9 

· 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

· CSI reference resource identification
· Following item is FFS:
· Whether each CQI test case is designed for joint test for UE capability 7-1 and 7-3 or UE capability 7-3 only

· RE mapping with the additional ZP-CSI-RS configuration should also be considered as candidate test purpose. Whether it is verified in demodulation or CSI requirement is FFS.

In this contribution, we share our further views on the eIMTA CSI reporting requirements. 
2. Discussion
2.1 Test purposes

The eIMTA feature [7-3] includes the following three general components:

· CSI measurements and reporting for 2 CSI subframe sets;

· PDSCH rate matching around new ZP CSI-RS;

· EPDCCH rate matching around new ZP CSI-RS.

2.1.1 CSI measurements and reporting

The main purpose of the eIMTA CSI tests is the verification of the new CSI measurements and reporting functionality for the two CSI subframe sets. The respective functionality includes:
· CSI measurement and reporting with Rel-12 DL subframe sets for TM 1 - 9 

· 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

The new functionality has impact on both Aperiodic and Periodic CSI reporting procedures and the mechanism of CSI reference resource identification. In our view, four general CSI test types need to be introduced which is in line with proposals in [2] in the last meeting:
· TM1-9 Aperiodic CQI reporting test
· TM1-9 Periodic CQI reporting test

· TM10 Aperiodic CQI reporting test
· TM10 Periodic CQI reporting test
In addition, we would like to note that since TM10 is optional, TM1-9 tests should have higher priority and need to be handled first.
Proposal #1: Introduce aperiodic and periodic CQI reporting tests for TM1-9 and TM10 operation with two CSI measurement subframe sets.

2.1.2 PDSCH rate matching
The eIMTA subframe set dependent CSI measurement feature [7-3] has impact on the PDSCH RE mapping procedures in case an additional ZP CSI-RS configuration is introduced (for the TM10 UEs 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 RE mapping by rate matching around the configured ZP-CSI-RS configurations. 

In our view, this functionality needs to be verified. Meanwhile, introduction of a dedicated UE PDSCH demodulation test for this functionality only seems to be excessive. To reduce the number of tests, it is more preferable to enable verification of this feature jointly with CQI reporting verification for the TM1-9.

Proposal #2: TM1-9 CQI reporting tests should enable verification of the PDSCH rate matching around two configured ZP CSI-RS configurations.
2.1.3 EPDCCH rate matching

The eIMTA subframe set dependent CSI measurements feature [7-3] has direct impact on the EPDCCH demodulation. In particular, the following behaviour is assumed with respect to the EPDCCH RE mapping:

· 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 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.

Hence, the EPDCCH RE mapping behaviour is changed. Furthermore, different behaviour is defined in case of TM10 and non-TM10 operation. In our view, this functionality needs to be tested. However, to reduce the total amount of tests, the verification can be incorporated into the baseline eIMTA CQI tests for TM1-9 and TM10. For instance, for the EPDCCH capable UEs the test setup can be modified such that the PDSCH scheduling assignments are transmitted using EPDCCH and the new ZP CSI-RS is configured in way to overlap with the EPDCCH. Alternatively, the existing EPDCCH demodulation tests can be modified for the [7-3] capable UEs.
Proposal #3: CQI reporting tests should enable verification of the EPDCCH rate matching around two configured ZP CSI-RS configurations.
2.2 eIMTA capabilities

The RAN1 WG discussion on the eIMTA capabilities concluded that features [7-1] and [7-3] should be defined independently. Based on the last RAN4 meeting discussion it is FFS “whether each CQI test case is designed for joint test for UE capability 7-1 and 7-3 or UE capability 7-3 only”. Since the features are defined independently, the UE implementation may include functionality 7-3 only and not include 7-1. So, the test cases for the functionality 7-3 only should be introduced (eIMTA Type 2 CSI tests). Meanwhile, we would like to note that some aspects of the feature 7-3 (CSI reference resource identification) depend on whether L1 UL/DL reconfiguration is enabled or not. With this regards, a joint 7-1/7-3 test might be also beneficial (eIMTA Type 1 CSI tests). To reduce the number of tests to pass we propose to define the test case applicability in accordance to the approach shown in Table 1. 
Table 1. CSI reporting test case applicability
	UE capability

Test type
	7-1 only
	7-3 only
	7-1 and 7-3

	Legacy CSI tests
	Passed
	Passed
	Passed

	eIMTA Type 1 CSI tests: Rel12 CSI subframe sets + Dynamic TDD configuration
	Not passed
	Not passed
	Passed

	eIMTA Type 2 CSI tests: Rel12 CSI subframe sets + Fixed TDD configuration
	Not passed
	Passed
	Not passed


Proposal #4: The CQI reporting tests for UEs which have LTE Rel12 capabilities 7-3 only and joint 7-1 / 7-3 capabilities need to be introduced.
2.3 Periodic CQI reporting

The eIMTA Rel-12 Subframe set dependent CSI measurement capability has impact on the Periodic CSI measurements/reporting procedures. In particular, the CSI reference resource identification procedures are modified and their correct implementation needs to be tested. As discussed in Section 2.2 the aperiodic CSI tests should be defined for both dynamic and fixed TDD configurations (eIMTA Type 1 and 2 Periodic CSI tests). Below we share general views on the respective test setups.

eIMTA Type 1 Periodic CQI reporting test
For the joint [7-1] / [7-3] periodic CQI reporting tests the following parameters are proposed:
· SIB1 TDD UL/DL configuration #0.

· DL HARQ reference TDD UL/DL configuration #2.

· Dynamic TDD UL/DL configurations {0, 2} are switched in a cyclic manner.

· Periodicity of UL/DL reconfiguration is 10ms. The L1 reconfiguration DCI is transmitted in subframe #5.

· CSI subframe sets

· Set #1 includes subframes {0, 1, 5, 6}

· Set #2 includes subframes {3, 4, 8, 9}

· Periodic CQI report for CSI subframe set #1 is done in subframe #2. 
· Periodic CQI report for CSI subframe set #2 is done in subframe #7.

· Note: In this and other tests to avoid CSI estimation on Special subframes, the 3 OFDM symbols DwPTS can be configured.

The proposed eIMTA Type 1 Periodic CQI test setup is illustrated in Figure 1.
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Figure 1. eIMTA Type 1 Periodic CQI reporting test
eIMTA Type 2 Periodic CQI reporting test
The following parameters are proposed for the periodic CQI reporting test in the systems without dynamic UL-DL re-configuration:
· SIB1 TDD UL/DL configuration #2.

· No L1 UL/DL reconfiguration.
· CSI subframe sets:
· Set #1 includes subframes {0, 1, 5, 6};
· Set #2 includes subframes {3, 4, 8, 9}.
· Periodic CQI report for CSI subframe set #1 is done in subframe #2.
· Periodic CQI report for CSI subframe set #2 is done in subframe #7.
The proposed eIMTA Type 2 Periodic CQI test setup is illustrated in Figure 2.
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Figure 2. eIMTA Type 2 Periodic CQI reporting test
2.4 Aperiodic CQI reporting
The eIMTA Rel-12 Subframe set dependent CSI measurement capability has noticeable impacts on the aperiodic CSI reporting procedures and the following aspects need to be verified:
· Correct processing of new A-CSI triggering mechanism for two subframe sets
· Correct CSI reference resource identification. To enable verification of the correct CSI reference resources selection in the eIMTA systems with dynamic UL-DL re-configuration, the L1 reconfiguration parameters should be defined in a way that in some frames the subframes belonging to one of the CSI subframe sets are occupied by UL and UE cannot make respective measurements.
· Buffering of measurements for Aperiodic CSI. To enable A-CSI reporting for the two CSI subframe sets new UE behaviour with regards to the channel/interference measurements was defined. In particular, the respective measurements need to be done prior to the A-CSI triggering and stored in the buffer. This functionality might impose certain changes in the UE implementation and its verification should be considered as one of the main test purposes. To verify this feature the CSI reporting needs to be configured in a way that there are no valid CSI reference resources subframes between the A-CSI triggering subframe and subframe n-4 (where n is the reporting subframe). 
As discussed in Section 2.2 the aperiodic CSI tests should be defined for both dynamic and fixed TDD configurations (eIMTA Type 1 and 2 Aperiodic CQI tests). Below we share general views on the respective test setups.
eIMTA Type 1 Aperiodic CQI reporting test
For the joint [7-1] / [7-3] aperiodic CQI reporting tests the following parameters are proposed:
· SIB1 TDD UL/DL configuration #0.
· DL HARQ reference TDD UL/DL configuration #2.
· Dynamic TDD UL/DL configurations {0, 2} are switched in a cyclic manner.

· Periodicity of UL/DL reconfiguration is FFS (10ms or 20ms).
· The L1 reconfiguration DCI is transmitted in subframe 5.
· CSI subframe sets

· Set #1 includes subframes {0, 1, 5, 6};
· Set #2 includes subframes {3, 4, 8, 9}.
· CQI reporting is triggered once per frame in subframe #0. CQI report is done in subframe #7.

· For 10ms L1 reconfiguration periodicity, the CQI reports for CSI Subframe Set #1 are triggered in frames with DL favoured UL/DL configuration #2 and the CQI reports for CSI Subframe Set #2 are triggered in frames with UL favoured UL/DL configuration #0.
· For 20ms L1 reconfiguration periodicity, the CQI reports for CSI Subframe Sets #1 and #2 are cyclically triggered in the consecutive frames.

· PDSCH can be transmitted in selected subframes.

The proposed eIMTA Type 1 Aperiodic CQI reporting test setup is illustrated in Figure 3.
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Figure 3. eIMTA Type 1 Aperiodic CQI reporting test
eIMTA Type 2 Aperiodic CQI reporting test
The following parameters are proposed for the aperiodic CQI reporting test in the systems without dynamic UL-DL re-configuration:
· SIB1 TDD UL/DL configuration #2.
· No L1 UL/DL reconfiguration.
· CSI subframe sets:
· Set #1 includes subframes {0, 1, 5, 6, 8, 9};
· Set #2 includes subframes {3, 4}.
· CQI reporting for CSI Subframe Sets #1 is triggered every frame in subframe #3. CQI report is done in subframe #7.

· CQI reporting for CSI Subframe Sets #2 is triggered every frame in subframe #8. CQI report is done in subframe #2.

The proposed eIMTA Type 2 Aperiodic CQI reporting test setup is illustrated in Figure 4.
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Figure 4. eIMTA Type 2 Aperiodic CQI reporting test
2.5 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, hence, 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 increase 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.
Observations:

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

To verify correct CSI reporting for two subframe sets it is important to emulate different interference conditions in the subframes from different CSI subframe sets. In our view, for the sake of the eIMTA CSI reporting test design the interference conditions which would allow good differentiation of the good and bad UE implementations can be emulated. 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).

Proposal #5: The interference is not explicitly modelled in the eIMTA CSI reporting tests. AWGN model with different noise levels over different CSI subframe sets is used. The power levels are chosen in way to allow good differentiation of the reported CQIs.

2.6 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 #6: AWGN propagation conditions are used for the CQI reporting tests.

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. Introduce aperiodic and periodic CQI reporting tests for TM1-9 and TM10 operation with two CSI measurement subframe sets.
2. TM1-9 CQI reporting tests should enable verification of the PDSCH rate matching around two configured ZP CSI-RS configurations.

3. CQI reporting tests should enable verification of the EPDCCH rate matching around two configured ZP CSI-RS configurations.

4. The CQI reporting tests for UEs which have LTE Rel12 capabilities 7-3 only and joint 7-1 / 7-3 capabilities need to be introduced.
5. The interference is not explicitly modelled in the eIMTA CSI reporting tests. AWGN model with different noise levels over different CSI subframe sets is used. The power levels are chosen in way to allow good differentiation of the reported CQIs.
6. AWGN propagation conditions are used for the CQI reporting tests.
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