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1. Introduction
In RAN4 #71, there was further discussion regarding how to define performance requirements for TDD eIMTA and WF was agreed in [1]. There is a general agreement that functional PDSCH demodulation tests should be introduced to verify UE capability to properly handle dynamic UL-DL reconfiguration L1 signaling with different UL-DL configuration from SIB-1. However, there are still a number of open issues as listed below. 
· Whether to introduce a test to verify PDCCH/PCFICH test
· Whether to introduce a test to verify EPDCCH rate matching functionality
· Whether to introduce new CSI reporting tests for Rel-12 subframe set dependent CSI measurement/feedback
· Test methodology/metric for functional eIMTA PDSCH demodulation test
· Test set up details for functional eIMTA PDSCH demodulation test
· Interference model to be used in eIMTA test

In this contribution, we provide further discussion on open issues for TDD eIMTA performance requirements and provide our proposals. 
2. Discussion
2.1. PDCCH/PCFICH demodulation test
eIMTA feature requires certain change in UE PDCCH monitoring behavior. 
· UE needs to monitor DCI format 1C by eIMTA-RNTI for explicit UL-DL reconfiguration signaling. 
· UE needs to monitor PDCCH for PDSCH demodulation in a SF which is UL in UL-DL configuration from SIB-1 but reconfigured to DL by UL-DL reconfiguration signaling.
However, new UE behavior for PDCCH monitoring in eIMTA will be directly verified in functional eIMTA PDSCH demodulation test and thus there would be no need for separate PDCCH/PCFICH demodulation test to verify new UE behavior. During online/offline discussion in RAN4 #71 meeting, there was also concern for PDCCH/PCFICH demodulation performance when interference level is different between fixed and flexible subframe. However, time varying interference level is not something new in RAN4 and was already defined for eICIC/FeICIC performance requirements. We have set of control channel demodulation performance requirements specifically targeted for UE receiver operation in the presence of time varying interference. We don’t see any difference in UE receiver algorithm between eIMTA UE and eICIC/FeICIC UE in terms of dynamic interference handling. 
Proposal 1. Don’t introduce separate PDCCH/PCFICH demodulation test for eIMTA. 
2.2. EPDCCH rate matching test

When UE is configured with Rel-12 subframe set dependent CSI measurement/reporting, UE can be configured with up to two ZP-CSI-RS configurations. RRC signaling to configure up to two ZP-CSI-RS configurations could be different between TM1-9 and TM10 UE but those RRC signaling was already defined in Rel-11 with one ZP-CSI-RS configuration. Only change in Rel-12 is to allow up to two ZP-CSI-RS configurations instead of one. Rate matching around ZP/NZP-CSI-RS is a feature introduced from Rel-10 for TM9 and extended in Rel-11 CoMP to allow flexible ZP/NZP-CSI-RS configuration. For example, UE is supposed to do rate matching around multiple CSI-RSs and one ZP-CSI–RS associated with dynamic PQI signaling. In our view, even though rate matching around additional ZP-CSI-RS configuration is a new feature, rate matching around CSI-RS is not a new requirement in UE implementation and does not require separate test. However, it would be fine if this feature is combined in other test to cover other test purpose. 
Proposal 2. Don’t introduce separate test to verify EPDCCH rate matching with two ZP-CSI-RS configurations. However, it would be fine if this feature is combined in other test to cover other test purpose.
2.3. CSI test
Rel-12 subframe set dependent CSI measurement/reporting was initially defined as eIMTA feature to deal with potentially different interference level in fixed subframes and flexible subframes. In fixed DL subframes, UE observes conventional DL-only interference. In flexible DL subframes, UE can observe mix of downlink and uplink interference that can dynamically change according to UL-DL reconfiguration in eIMTA neighbour cells. However, this feature was later separated from eIMTA feature and defined as feature group 7-3 independent of eIMTA feature group 7-1 to allow application to other non-eIMTA scenarios. 
2.3.1. CSI test in non-eIMTA scenario
First, we investigate Rel-12 subframe set dependent CSI measurement/reporting in non-eIMTA scenario. Since subframe set dependent CSI measurement/reporting was already defined for eICIC/FeICIC, it is essential to check whether there are new aspects in Rel-12 subframe set dependent CSI measurement/reporting that can justify introduction of new CSI tests. In [2], several differences between Rel-12 CSI measurement and eICIC/FeICIC CSI measurement are summarized. 
RRC signalling to define CSI measurement subframe set would be different between Rel-12 CSI measurement and eICIC/FeICIC CSI measurement. For Rel-12 CSI measurements, two subframe sets are defined over DL subframes within one radio frame while, in eICIC/FeICIC, subframe sets are defined with period equal to ABS pattern. In TDD, ABS pattern can have period of 20, 60 or 70 subframes depending on UL-DL configuration. Different periodicity would require separate control flow but its implementation would be minor modification of existing eICIC/FeICIC control flow. 
Rel-12 CSI measurement is applicable to both Pcell and Scell while eICIC/FeICIC CSI measurement is applicable only to Pcell. eICIC/FeICIC operation is restricted to only Pcell to keep UE implementation complexity at reasonable level. Considering that Pcell and Scell receiver implementation is usually orthogonal, extending dual CSI measurement to Scell would not bring in any additional UE implementation challenge except for duplicated memory and computation. Also, it should be noted that RAN4 assumes verification of certain feature on single carrier guarantees compatible performance in CA set up and thus does not try to duplicate tests for new features in CA. 
Rel-12 CSI measurement requires rate matching over up to two ZP-CSI-RS configuration. As analysed in section 2.2, this cannot justify introduction of new test on its own. 

In TM10, two IMR resources can be configured to allow interference measurement in different subframe sets. Considering that TM10 CSI process is defined as combination of channel measurement from NZP-CSI-RS and noise/interference measurement from IMR and CSI measurement on different subframe sets can be considered as independent CSI measurement, two IMR resources associated with two subframe sets are quite similar to two CSI processes with same NZP-CSI-RS but different IMRs. 
Rel-12 CSI measurement is defined without any specific interference model in mind and should be applicable to arbitrary interference scenario. Also, we do not assume any advanced UE receiver implementation tailored for specific interference condition. Thus, Rel-8 baseline UE receiver and its CSI measurement operation should be assumed also for Rel-12 CSI measurement. 
Based on above analyses, Rel-12 subframe set dependent CSI measurement/reporting in non-eIMTA scenario does not seem to require separate CSI tests. 
Proposal 3. Don’t introduce separate test to verify Rel-12 subframe set dependent CSI measurement/reporting in non-eIMTA scenario.
2.3.2. CSI test in eIMTA scenario
When two CSI subframe sets are configured for eIMTA UE, first subframe set would consist of fixed DL subframes and second subframe set would consist of flexible DL subframes. CSI measurement on fixed DL subframes would be similar to existing eICIC/FeICIC CSI measurement on restricted measurement set since (1) fixed DL subframes are always available irrespective of UL-DL reconfiguration and (2) only DL interferences are observed in fixed DL subframes. However, in flexible subframes, UE should measure CSI on subframes specified as DL subframes in UL-DL reconfiguration which is originally UL subframe in SIB-1 UL-DL configuration. UE should not measure CSI from fixed DL subframe or UL subframe in UL-DL reconfiguration. This requires dynamic subframe control for CSI measurement, which is new UE behaviour specific to eIMTA UE. Other aspects of CSI measurement would be same as existing CSI measurements. Therefore, CQI definition test for eIMTA UE would be sufficient. 
Proposal 4. Introduce a CQI definition test with two CSI subframe sets for eIMTA UE. 

2.3.3. CQI definition test set up
For CQI definition test, we would like to propose following test set up. 
· Reuse TM9 CQI definition test in 9.2.3.2 with same test metric. 
· CQI distribution is verified for both CSI subframe sets while PDSCH BLER is verified only in subframe set with flexible subframes. 

· Use DL HARQ reference TDD UL-DL configuration 2 with dynamic UL-DL configuration set {0, 1, 2, 6} and transmit reconfiguration DCI always in SF 0 with 10ms periodicity.
· Configure two CSI subframe sets. First set consists of subframe 0, 1, 5, 6 and second set consists of subframe {3, 4, 8, 9}
· Define different Noc level for each subframe set. Noc level is TBD. 
· Configure two ZP-CSI-RS resources.
2.4. Functional PDSCH demodulation test
2.4.1. Test methodology/metric

Various test methodologies/metrics were discussed regarding functional eIMTA PDSCH demodulation test such as PDSCH throughput test in clean channel (similar to SDR test), PDSCH throughput test in fading channel (similar to FRC test) and PDCCH test. According to RAN1 specification, main changes for PDSCH transmission in eIMTA are
· Dynamic UL-DL reconfiguration via explicit L1 signaling

· HARQ scheduling/feedback timeline according to DL HARQ reference UL-DL configuration
All of three test methodologies can verify dynamic UL-DL reconfiguration via explicit L1 signaling. However, correct implementation of HARQ operation can be verified only by PDSCH throughput test in fading channel with sufficient HARQ retransmission. In PDSCH transmission test in clean channel or PDCCH test, we can verify whether UE monitors flexible DL subframes according to UL-DL reconfiguration for PDSCH demodulation but cannot verify whether UE performs correct HARQ combining for retransmitted packets when there is dynamic UL-DL reconfiguration. PDSCH demodulation test with FRC in fading channel is the only way to verify correct HARQ operation of eIMTA UE. It might be beneficial if we specify different Noc level in fixed and flexible subframes to verify UE receiver performance under dynamic interference condition. However, it can also complicate test case design and determination of performance requirement. 
Proposal 5. Employ PDSCH throughput test in fading channel as functional eIMTA PDSCH demodulation test. It is TBD whether different Noc level should be specified in fixed and flexible DL subframes in functional PDSCH demodulation test. 
2.4.2. Test set up
There are a few TBD parameters in test set up. For DL HARQ reference UL-DL configuration, we prefer dynamic UL-DL configuration with possible subset {0, 1, 2, 3, 4, 5, 6} and DL HARQ reference TDD UL-DL configuration 5. This configuration would allow maximum flexibility in UL-DL reconfiguration. Also we will be able to verify reconfiguration of special subframe 6 into normal DL subframe. For L1 signaling, we prefer transmitting reconfiguration DCI only in SF 0. With 10ms reconfiguration periodicity, there could be ambiguity in correct UE behavior when reconfiguration DCI is transmitted in SF other than SF 0. When no reconfiguration DCI is detected in SF 0, UE can either assume same UL-DL reconfiguration as previous radio frame or fallback to default operation, i.e., PDSCH decoding according to SIB-1UL-DL configuration. Effectively, reconfiguration periodicity of 10ms cannot be maintained when reconfiguration DCI is allowed in SF other than SF 0. 
Proposal 6. Use DL HARQ reference TDD UL-DL configuration 5 and transmit reconfiguration DCI always in SF 0. 

Since TM9 was proposed for CSI test, we would like to recommend TM3 as transmission mode to be used in functional PDSCH demodulation test. We will be able to investigate further details on FRC and propagation channel conditions after high level principles are agreed. 
2.5. Interference model

In eIMTA, UE observes different interference level in fixed and flexible DL subframes. In fixed DL subframe, UE observes only DL interference similar to regular DL subframe in non-eIMTA TDD. In flexible DL subframe, UE observes mix of downlink and uplink interference that can dynamically change according to UL-DL reconfiguration in eIMTA neighbour cells. In our view, we don’t need to have explicitly modelled interference cell in eIMTA test since advanced receiver implementation such as MMSE-IRC receiver or CRS-IC receiver is not main UE requirement for eIMTA feature. Similarly, explicit modelling of uplink interference and is not necessary since no advanced receiver processing for uplink interference is in the scope of eIMTA feature. 

On the other hand, modelling different interference level in terms of different Noc value could be beneficial especially in eIMTA CSI test with two CSI subframe sets. Different Noc level in fixed and flexible DL subframes would allow us to verify that UE measures CSI only in specified subframe set. It is TBD whether we need to consider different Noc level in functional PDSCH demodulation test. 
Proposal 7. Don’t consider explicit interference modeling in eIMTA performance tests. Model different Noc levels at least in eIMTA CSI test. 
3. Conclusions

In this contribution, we provided our view on eIMTA UE performance requirements. Our proposals are
Proposal 1. Don’t introduce separate PDCCH/PCFICH demodulation test for eIMTA. 
Proposal 2. Don’t introduce separate test to verify EPDCCH rate matching with two ZP-CSI-RS configurations. However, it would be fine if this feature is combined in other test to cover other test purpose.

Proposal 3. Don’t introduce separate test to verify Rel-12 subframe set dependent CSI measurement/reporting in non-eIMTA scenario.

Proposal 4. Introduce a CQI definition test with two CSI subframe sets for eIMTA UE. 
Proposal 5. Employ PDSCH throughput test in fading channel as functional eIMTA PDSCH demodulation test. It is TBD whether different Noc level should be specified in fixed and flexible DL subframes in functional PDSCH demodulation test. 

Proposal 6. Use DL HARQ reference TDD UL-DL configuration 5 and transmit reconfiguration DCI always in SF 0. 

Proposal 7. Don’t consider explicit interference modeling in eIMTA performance tests. Model different Noc levels at least in eIMTA CSI test. 
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