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1. Introduction

In the RAN4 #71 meeting a number of agreements on the LTE TDD eIMTA [1] impacts 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 remaining aspects of eIMTA impacts on the UE demodulation and CSI reporting requirements. In the companion contributions [3] and [4] we provide views on the details of the eIMTA functional PDSCH demodulation and CSI reporting tests.
2. Discussion

2.1 Rel-12 LTE eIMTA capabilities

In the previous RAN1 WG meeting and a follow-up e-mail discussion a number of agreements on the eIMTA feature groups were reached [5]. The discussion on the prerequisite feature groups for the capabilities [7-2] and [7-3] is expected to continue in the RAN1 #78 meeting. The summary of the agreed capabilities is provided in Table 1 along with our views on the potential UE demodulation impacts for each feature.
Table 1. Rel-12 LTE eIMTA capabilities

	#
	Feature group
	Components
	Prerequisite feature groups
	UE demodulation impact

	7-1
	UL-DL re-configuration via L1 signaling for non-CA and CA (if supported) with TDD Pcell 
	1) Support of explicit L1 signalling of UL/DL reconfiguration by UE-group-common PDCCH on Pcell CSS
2) Scheduling/HARQ timing and HARQ feedback according to DL/UL reference configurations
	No
	Impact on UE behaviour in terms of support of dynamic UL-DL re-configuration, monitoring the L1 reconfiguration signalling and modified DL Scheduling/HARQ timing;

	7-1a
	UL-DL re-configuration via L1 signaling with FDD Pcell
	1) Support of explicit L1 signalling of UL/DL reconfiguration by UE-group-common PDCCH on Pcell CSS
2) HARQ feedback according to DL/UL reference configurations
	2-1 and 7-1
	Same as 7-1

	7-2
	Subframe set dependent UL power control
	1) Subframe set dependent UL power control
	FFS: [None] or [7-1]
	No impact

	7-3
	Rel-12 Subframe set dependent CSI measurement / feedback and PDSCH/EPDCCH RE mapping with 2 ZP-CSI-RS configurations
	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
	FFS: [None] or [7-1]
	Impact on the CSI reporting procedures and PDSCH/EPDCCH RE mapping


In our view, the eIMTA feature split should be taken into account in the RAN4 performance tests discussion. We would like to note that the feature [7-1] is the baseline eIMTA capability which enables the dynamic UL-DL reconfiguration. This functionality can be enabled regardless of support of the remaining features [7-2] and [7-3], which might be considered as a sort of performance enhancements to handle new interference conditions in the eIMTA flexible subframes. These specifics might have direct impact on the eIMTA UE demodulation tests which need to address UEs with different capabilities. To reduce the RAN4 design efforts, we recommend that the eIMTA performance tests are introduced in a way to distinguish verification of eIMTA features [7-1] and [7-3].
Observation:

· The eIMTA feature [7-1] is the baseline eIMTA capability which enables the dynamic UL-DL reconfiguration and can be enabled regardless of support of the remaining features [7-2] and [7-3].
Proposal:

1. Introduce the eIMTA UE performance tests in a way to distinguish verification of baseline eIMTA UL-DL reconfiguration functionality (i.e. feature [7-1]) and eIMTA CSI enhancements (i.e. feature [7-3]). Do not introduce tests for verification of eIMTA feature [7-2].
2.2 PDSCH demodulation

In the previous RAN4 meetings, it was agreed to introduce functional PDSCH demodulation test to verify eIMTA impacts on the UE demodulation. In our view, the main purpose should be the verification of UE compliance to the baseline eIMTA reconfiguration functionality. In particular, the test should be defined for feature [7-1]. Meantime, in the test setup no assumptions on the availability of the enhanced CSI measurements/feedback functionality [7-3] should be made. There is also no need to introduce a separate test for the UEs supporting feature [7-1a] since it has feature [7-1] as prerequisite and as was agreed in the last RAN4 meeting “Single carrier setup is used” for PDSCH test due to small difference in eIMTA functionality in CA and non-CA cases. For the remaining details of the considered PDSCH demodulation test setup please refer to the companion paper [3].
Proposal:

2. Introduce functional PDSCH demodulation test in the assumption of availability of baseline eIMTA UL-DL reconfiguration functionality only (i.e. feature [7-1]). The support of eIMTA CSI enhancements (i.e. feature [7-3]) should not be assumed.

2.3 PDCCH and PCFICH demodulation

The eIMTA has certain impact on the PDCCH and PCFICH demodulation procedures. In particular, the DL HARQ timing modifications have impact on the PDCCH monitoring procedures. Additionally, UE needs to monitor for new UL-DL reconfiguration DCI in the PDCCH CSS. Although no new DCI formats are introduced, additional eIMTA specific RNTI is used and UE needs to test additional scrambling hypothesis for the DCI Format 1C decoding. Additionally, in case of eIMTA operation UE may experience large variation of interference levels between the regular and flexible DL subframes which might have some impact on the PDCCH/PCFICH demodulation. 

At the same time, in our view there is no strong need to introduce additional test scenarios to verify the PDCCH and PCFICH demodulation performance. The respective functionality can be implicitly tested as a part of PDSCH demodulation and CSI reporting tests.
Observation:

· The PDSCH demodulation test included implicit verification of PDCCH and PCFICH demodulation functionality under eIMTA conditions.

Proposal:
3. No new PDCCH and PCFICH demodulation tests are introduced.

2.4 EPDCCH demodulation

The baseline eIMTA functionality [7-1] has no impact on the EPDCCH demodulation procedures. At the same time, the eIMTA CSI measurement enhancements 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 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.

Hence, the EPDCCH RE mapping behaviour is changed. Furthermore different behaviour is defined in case of TM10 and non-TM10 operation. In our view, an additional EPDCCH demodulation test for eIMTA + EPDCCH capable UEs is required. In particular, the EPDCCH demodulation tests for both TM10 capable and non-capable UEs are needed. To reduce the total number of tests to pass, the new EPDCCH Localized TM9 and TM10 tests can be used for eIMTA capable UEs instead of the existing EPDCCH tests.
Observation:

· eIMTA CSI measurement enhancements feature has direct impact on the EPDCCH RE mapping with different behaviour defined in case of TM1-TM9 and TM10 operation.

Proposal:
4. Verify eIMTA impact on the EPDCCH RE mapping functionality under assumption that UE supports eIMTA CSI enhancements functionality (i.e. feature [7-3]).
2.5 CSI reporting requirements

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 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 CSI measurements in different interference conditions were agreed to be used. For instance, it was agreed that in DL, up to two subframe sets can be UE-specifically signalled (per serving cell) to allow separate CSI measurements/reports for subframes which have different types of interference.

The RAN4 WG already introduced the eICIC/FeICIC CSI tests to verify CSI reporting for two subframe sets. At the same time, we would like to note that the eIMTA CSI measurements functionality for two subframe sets is different from the existing eICIC/FeICIC functionality:

· Different RRC signalling of the parameters is used for eIMTA and eICIC/FeICIC features;

· eIMTA CSI measurements is supported for both PCell and SCell;

· eIMTA CSI measurements functionality has impact on the PDSCH and EPDCCH rate matching;

· eIMTA CSI measurements for TM10 with single CSI process are based on 2 IMR resources;

· Different aperiodic report triggering mechanism is applied for eIMTA;

· Different definition of CSI reference resources will be used for eIMTA;

· Different interference conditions for eIMTA and eICIC/FeICIC environments.

Observation:

· eIMTA CSI measurements functionality for two subframe sets is different from the existing eICIC/FeICIC functionality

So, in our view the eIMTA CSI reporting tests should be introduced. For more details on the particular test setup please refer to our companion paper [4].
Proposal:

5. Introduce new CSI reporting tests to verify eIMTA CSI enhancements (i.e. feature [7-3]).
2.6 eIMTA tests summary

The summary of our views on the eIMTA demodulation tests is provided in Table 2. The total number of potential tests is rather large, hence some possible prioritization may be needed to have more focused work in RAN4. So, we also share our views on the potential prioritization of the test setups.
Table 2. eIMTA tests summary

	Test
	Minimum set of UE capabilities
	Main test purposes
	Priority

	PDSCH demodulation test
	Rel12 eIMTA [7-1]
	1) Verification of explicit L1 signalling of reconfiguration by UE-group-common PDCCH on Pcell CSS

2) Verification of scheduling/HARQ timing followed a DL/UL reference configurations
	High

	CSI reporting test(s)
	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

	
	· 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

	EPDCCH demodulation test
	· Rel12 eIMTA [7-3] 
· Rel11 EPDCCH
	Verification of configuration of two ZP CSI-RS for TM 1 - 9 and EPDCCH RE mapping by rate matching around the configured ZP-CSI-RS configurations
	Low

	
	· Rel12 eIMTA [7-3] 
· Rel11 EPDCCH

· Rel11 DL CoMP with single/multiple CSI processes
	Verification of configuration of two ZP CSI-RS for TM 10 and EPDCCH RE mapping by rate matching around the configured ZP-CSI-RS configurations
	Low


3. Conclusions

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

Proposals:

1. Introduce the eIMTA UE performance tests in a way to distinguish verification of baseline eIMTA UL-DL reconfiguration functionality (i.e. feature [7-1]) and eIMTA CSI enhancements (i.e. feature [7-3]). Do not introduce tests for verification of eIMTA feature [7-2].
2. Introduce functional PDSCH demodulation test in the assumption of availability of baseline eIMTA UL-DL reconfiguration functionality only (i.e. feature [7-1]). The support of eIMTA CSI enhancements (i.e. feature [7-3]) should not be assumed.

3. No new PDCCH and PCFICH demodulation tests are introduced.
4. Verify eIMTA impact on the EPDCCH RE mapping functionality under assumption that UE supports eIMTA CSI enhancements functionality (i.e. feature [7-3]).
5. Introduce new CSI reporting tests to verify eIMTA CSI enhancements (i.e. feature [7-3]).
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