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1 Introduction
In RAN4 Meeting #71, the way forward on eIMTA UE demodulation and CSI requirements [1] was agreed, based on the discussion in [2~7]. In this contribution, we will further discuss the framework of eIMTA UE demodulation and CSI requirements.
2 Previous agreements
The agreements for eIMTA demodulation and CSI requirements in the previous meeting are copied below.

RAN4 meeting #70bis:

· Test purposes:
· At least verification of properly handling dynamic UL-DL reconfiguration L1 signaling with different UL-DL configuration from SIB-1 should be included, and other purposes are not excluded. 
· Postpone RAN4 discussion on the CSI performance requirements till RAN1 concludes the respective work.
· Introduce functional PDSCH demodulation test to verify eIMTA impacts on the UE demodulation
· How to test is FFS. 
· No new PHICH, PBCH demodulation tests are defined.
· The need of demodulation tests for other physical channels is FFS. Interested companies are encouraged to provide more input in the coming meetings.
RAN4 meeting #71:

eIMTA UE demodulation and CSI tests
· 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

Functional eIMTA PDSCH demodulation test
· Test purposes (last meeting agreement)

· At least verification of properly handling dynamic UL-DL reconfiguration L1 signalling with different UL-DL configuration from SIB-1

· Minimum set of UE capabilities is FFS

· TDD UL-DL configurations:

· SIB1 TDD UL-DL configuration #0

· DL HARQ reference TDD UL-DL configuration is FFS (#2 or #5)

· Dynamic TDD UL-DL configurations  are FFS

· Option 1: Possible subset is {0, 1, 2, 6} for DL HARQ reference TDD UL-DL configuration #2

· Option 2: Possible subset is {0, 1, 2, 3, 4, 5, 6} for DL HARQ reference TDD UL-DL configuration #5

· Option 3: Possible subset is {0, 5} for DL HARQ reference TDD UL-DL configuration #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 10ms

· Set of subframes to monitor the L1 reconfiguration DCI is FFS

· Option 1: Set of subframes includes all SIB-1 DL/S subframes. Subframes for reconfiguration DCI transmission are chosen in a random way on a per-DCI basis.

· Option 2: The L1 reconfiguration DCI is transmitted in SF #0

· Other options are not precluded

· Single carrier setup is used
· Performance metric is FFS 

· Potential options: 

· Fraction of max throughput

· SNR required to reach x% of maximum throughput

· PDCCH error rate
· Other options are not excluded
3 General discussion: Test purposes
Generally the demodulation performance and CSI requirements should verify the fundamental changes of the UE receiver implementation, or guarantee the performance/performance gain of the key techniques under the typical use cases or challenging scenarios. Based on previous discussion, we propose 
· Proposal 1: The test the test purposes of eIMTA demodulation and CSI requirements are

· Verify the correct UE behaviour with respect to handling the explicit L1 signalling for the reconfiguration of uplink-downlink configurations.

· Verify the CSI measurement accuracy for two subframe sets with the different interference levels.

· Verify the functionality and performance of periodic CSI reporting;

· Verify the functionality and performance of aperiodic CSI reporting.
For the first one, it was agreed that a functional eIMTA PDSCH demodulation test should be introduced. For the second one, the periodic and aperiodic CSI requirements should be introduced, because the schemes for CSI measurement and reporting, including RRC signalling, CSI triggering mechanism, and available reference resource for CSI measurement, will be different from the mechanism of the existing eICIC/FeICIC.
In the following sections we will provide our proposals on the demodulation and CSI requirements separately.
4 eIMTA demodulation performance requirements
As discussed in [2], we have two proposed framework for eIMTA demodulation performance requirements, i.e functional PDSCH test with PDSCH performance as test metric and functional PDSCH test with DCI format 1C performance as test metric. Based on [2], we think that the same test setup for L1 signalling transmission and data scheduling could be shared for both test methods.

4.1 Common test setup
Based on the proposal in [2], the following test setup related to the dynamic UL-DL reconfiguration L1 signalling transmission, UL-DL configuration change pattern and corresponding PDSCH transmission scheduling could be used for both proposed tests. The test set up is given in Figure 1.
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Figure 1: Test setup for eIMTA PDCCH/PCFICH demodulation test case

During the test, the initial uplink-downlink configuration is 0 (indicated by SIB-1), the uplink-downlink configuration will be changed every 10ms (every frame), the downlink HARQ reference configuration is #5, and then in the following frames one configuration out of uplink-downlink configurations of #1~#4 and #6 will be randomly selected with the equal probability. 
Compared to the preceding subframe, the different UL-DL configuration will be used in the current subframe, and correspondingly one DL subframe will be scheduled for PDSCH transmission. By checking the decoding result on that subframe, the functionality or performance of handling dynamic UL-DL reconfiguration L1 can be verified. To avoid the ambiguity, only one subframe per frame should be scheduled. We propose to fix the scheduled subframe within the frame for a certain UL-DL configuration.
In subframe #0, #1, #5 or #6, the L1 reconfiguration signalling (DCI format 1C) will be transmitted. According to [4, 6], on which subframe the L1 signalling should be transmitted is proposed to be randomly selected to ensure a good test coverage. But we should note that if #0 subframe was used, the UL-DL configuration will be changed in the same frame.

· Proposal 2: For the functional PDSCH performance test, the following test parameters are proposed

· The initial UL-DL configuration is 0 (UL HARQ reference configuration); 

· Downlink HARQ reference configuration: UL-DL configuration 5;

· UL-DL configuration will be reconfigured every 10ms, and one configuration out of configurations of #1~4 and #6 will be randomly selected with equal probability;

· One subframe will be scheduled per frame. Which subframe should be scheduled depends on the UL-DL configuration used in this frame, and should be different per configuration;
· Subframe #0, #1, #5 or #6 is randomly selected for dynamic UL-DC reconfiguration L1 transmission.
4.2 Functional PDSCH demodulation test
Based on the discussion in [2], if PDSCH performance was used as the test metric, e.g., fraction of max throughput or SNR required to reach x% of maximum throughput, the test parameters could be simplified. Firstly, the external noise would not be needed and secondly the antenna configuration can be 1×2. The other test parameters are shown in Table 1~4. 
Table 1: Test Parameters

	Parameter
	Unit
	Test 1

	Uplink downlink configuration
	
	0

	Special subframe configuration
	
	4

	Downlink power allocation
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	dBm/15kHz
	Off (Note 2)

	Symbols for unused PRBs
	
	OCNG (Note 3)

	Modulation and coding rate
	
	[QPSK 1/3]

	Maximum number of HARQ transmission
	
	1

	Redundancy version coding sequence
	
	{0}

	PDSCH transmission mode
	
	TM1

	Propagation condition
	
	AWGN: no external noise

	Correlation matrix and antenna configuration
	
	1×2

	Number of PDCCH symbols
	symbols
	2

	CCE level of PDCCH for the downlink grant
	
	8 CCE

	PHICH duration
	
	Normal

	Unused RE-s and PRB-s
	
	OCNG

	Cell ID
	
	0

	Cyclic prefix
	
	Normal

	ACK/NACK feedback mode
	
	Multiplexing

	DL HARQ reference configuration (uplink-downlink configuration)
	
	5

	Initial uplink-downlink configuration indicated by SIB-1 (UL HARQ reference configuration)
	
	0

	Periodic change of uplink-downlink configurations
	
	Randomly select one out of configuration 1, 2, 3, 4 and 6 with equal probability

	Periodicity for the uplink-downlink configuration change
	ms
	10

	Subframe for transmission of L1 signaling for TDD UL-DL reconfiguration
	
	One subframe out of Subframe #1, #2, #3, #4, and #6, which is randomly selected

	Scheduled subframes for PDSCH transmission for different uplink-downlink configuration
	Configuration 1
	
	Subframe #4

	
	Configuration 2
	
	Subframe #3

	
	Configuration 3
	
	Subframe #7

	
	Configuration 4
	
	Subframe #8

	
	Configuration 6
	
	Subframe #9

	Note 1:
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Note 2: 
No external noise sources are applied.

Note 3:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data.


Table 2: Minimum performance (FRC)

	Test Number
	Bandwidth
	Reference Channel PDSCH
	Reference channel PDCCH dynamic UL-DL reconfiguration L1 
	OCNG Pattern
	Reference value

Fraction of Maximum

Throughput (%)
	UE Category

	1
	10MHz
	[R.2 TDD]
	 [2CCE R.xx TDD]
	OP.1 TDD
	[95%]
	≥ 1


Table 3: Minimum performance (FRC)
	Test Number
	Bandwidth
	Reference Channel PDSCH
	Reference channel PDCCH dynamic UL-DL reconfiguration L1 
	OCNG Pattern
	Ratio of reported ACK/NACK over the number of scheduled subframes
(%)
	UE Category

	1
	10MHz
	[R.2 TDD]
	 [2CCE R.xx TDD]
	OP.1 TDD
	[99%]
	≥ 1


Table 4 (Table A.3.5.2-1 in TS36.101): Reference Channel TDD

	Parameter
	Unit
	Value

	Reference channel
	
	R.15 TDD
	R.15-1 TDD
	R.15-2 TDD
	R.16 TDD
	R.17 TDD
	R.xx TDD

	Number of transmitter antennas
	
	1
	2
	2
	2
	4
	2

	Channel bandwidth
	MHz
	10
	10
	10
	10
	5
	10

	Number of OFDM symbols for PDCCH
	symbols
	2
	3
	2
	2
	2
	2

	Aggregation level
	CCE
	8 
	8
	8
	4
	2
	2

	DCI Format
	
	Format 1
	Format 1
	Format 1
	Format 2
	Format 2
	Format 1C

	Cell ID
	
	0
	0
	0
	0
	0
	0

	Payload (without CRC)
	Bits
	34
	34
	34
	46
	45
	[13]


4.3 Functional PDSCH demodulation test
As discussed in [2], it seems that the test given in section 4.2 would be so simple that it is more like the functionality test instead of the performance test. Therefore we propose the alternative way to design this test by using performance of PDCCH DCI format 1C as the test metric under the fading channel.
The advantage is that we put the additional meaning in this test. The potential issue is that the performance of decoding DL grant and PDSCH may impact the test. The possible solution is to configure 8CCE for DL grant and lower MCS for PDSCH, and to configure 1 or 2CCE for dynamic UL-DL reconfiguration L1 signalling. The purpose is to have a big performance gap between them to provide a feasible test.
Compared to the previous one, we prefer this test:

· Proposal 3: we propose the functional eIMTA demodulation test by using the performance of PDCCH DCI format 1C as the test metric under the fading channel.
Table 8.4.2-1: Test Parameters for PDCCH/PCFICH
	Parameter
	Unit
	Single antenna port
	Transmit diversity

	Uplink downlink configuration (Note 1)
	
	0
	0

	Special subframe configuration (Note 2)
	
	4
	4

	Number of PDCCH symbols
	symbols
	2
	2

	Number of PHICH groups (Ng)
	
	1
	1

	PHICH duration
	
	Normal
	Normal

	Unused RE-s and PRB-s
	
	OCNG
	OCNG

	Cell ID
	
	0
	0

	Downlink power allocation
	PDCCH_RA

PHICH_RA

OCNG_RA
	dB
	0
	-3

	
	PCFICH_RB

PDCCH_RB

PHICH_RB

OCNG_RB
	dB
	0
	-3
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	dBm/15kHz
	-98
	-98

	Cyclic prefix
	
	Normal
	Normal

	ACK/NACK feedback mode
	
	Multiplexing
	Multiplexing

	Note 1:
as specified in Table 4.2-2 in TS 36.211 [4].

Note 2:
as specified in Table 4.2-1 in TS 36.211 [4].


Table 5: Parameters for eIMTA PDCCH/PCFICH test

	Parameter
	Unit
	Test 1

	Downlink HARQ reference configuration
	
	5

	Initial uplink-downlink configuration indicated by SIB-1 (UL HARQ reference configuration)
	
	0

	Periodic change of uplink-downlink configurations
	
	Randomly select one out of configuration 1, 2, 3, 4 and 6 with equal probability

	Periodicity for the uplink-downlink configuration change
	ms
	10

	Subframe for L1 uplink-downlink reconfiguration signaling
	
	One subframe out of Subframe #1, #2, #3, #4, and #6, which is randomly selected

	Scheduled subframes for PDSCH transmission for different uplink-downlink configuration
	Configuration 1
	
	Subframe #4

	
	Configuration 2
	
	Subframe #3

	
	Configuration 3
	
	Subframe #7

	
	Configuration 4
	
	Subframe #8

	
	Configuration 6
	
	Subframe #9

	PDSCH modulation and coding rate
	
	QPSK 1/3

	Maximum number of HARQ transmission
	
	1

	PDSCH transmission mode
	
	[TM4 or TM2] 

	CSI reporting mode
	
	[PUSCH 3-1 if TM4]

	Redundancy version coding sequence
	
	{0}

	CCE level of PDCCH for the downlink grant
	
	8 CCE


Table 6: Minimum performance PDCCH/PCFICH

	Test number
	Bandwidth 
	Aggregation level
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	
	
	Pm-dsg (%)
	SNR (dB)

	1 
	10 MHz
	[2 CCE]
	R.xx TDD
	OP.1 TDD
	 [EPA5 or EVA5]
	2 x 2 Low
	1
	TBD


Table 7 (Table A.3.5.2-1 in TS36.101): Reference Channel TDD

	Parameter
	Unit
	Value

	Reference channel
	
	R.15 TDD
	R.15-1 TDD
	R.15-2 TDD
	R.16 TDD
	R.17 TDD
	R.xx TDD

	Number of transmitter antennas
	
	1
	2
	2
	2
	4
	2

	Channel bandwidth
	MHz
	10
	10
	10
	10
	5
	10

	Number of OFDM symbols for PDCCH
	symbols
	2
	3
	2
	2
	2
	2

	Aggregation level
	CCE
	8 
	8
	8
	4
	2
	2

	DCI Format
	
	Format 1
	Format 1
	Format 1
	Format 2
	Format 2
	Format 1C

	Cell ID
	
	0
	0
	0
	0
	0
	0

	Payload (without CRC)
	Bits
	34
	34
	34
	46
	45
	[13]


5 eIMTA CSI requirements

The detailed scheme of eIMTA CSI measurement and report is different from the existing eICIC/FeICIC CSI requirements (CQI PUCCH 1-0 definition test in Section 9.2.1.6 and frequency-selective CQI PUSCH 3-0 test in Section 9.3.1.1.4). But the basic idea would be similar. In FeICIC CSI test, the CRS-IC is conducted such that the interference on ABS will be almost totally removed. So we think that we can reuse the FeICIC CSI tests with the minimum modification for eIMTA.
The CSI test for eIMTA aims at verifying the correct UE behaviour responding to the eIMTA signalling related to the two restriction measurement subframe sets, and the proper interference averaging within the same set. So one periodic CQI and one aperiodic CQI test would be sufficient to provide a good test coverage (the mechanisms for both are different).
5.1 eIMTA PUCCH 1-0 CQI definition test
The proposed test setup is given in Figure 2.

Firstly we think that there is no need to random select and change UL-DL configurations across many possible configurations, since the functional eIMTA demodulation test has already verified the handling of dynamic UL-DL reconfiguration L1 signalling. We could choose configuration #1 and configuration #2 with randomly changing, or only configuration #2 for the test. The advantage to choose two configurations is that in the 2nd subframe set one subframe, e.g., subframe #3 can be either DL or UL subframes. In that way, UE could select the proper subframe according to both the restricted subframe set and the UL-DL configuration.
Secondly, we set UL HARQ reference configuration to configuration #0 and DL HARQ reference configuration to configuration #2. And we set the restricted subframe set to be {1,1,0,0,1,1,1,0,0,1}, where the subframe number indicated by “1” is larger than the DL subframe number for configuration 5. The purpose is to avoid UE translating UL HARQ reference configuration to the restrict subframe set.
Thirdly we propose to set two Noc levels for the test:
· Noc1 for 1st restricted subframe set;

· Noc2 for 2nd restricted subframe set, which is 2 ~6 dB higher than Noc1 approximately corresponding to 1~3 CQI classes.

Besides, according to the existing CQI test, the subframe #4 and #9 will be scheduled for UL-DL configuration #1, and subframe #3, #4, #8, and #9 for UL-DL configuration #2. According to the restricted subframe set bitmap that we proposed, to balance the number of scheduled subframes, we propose to schedule subframe #4 and #9 for UL-DL configuration #1 and subframe #3 and #8 for UL-DL configuration #2.

In sum, we propose that:

· Proposal 4: For eIMTA CQI definition test, the following test parameters are proposed

· UL HARQ reference configuration: UL-DL configuration #0

· Downlink HARQ reference configuration: UL-DL configuration #2;

· UL-DL configuration will be reconfigured every 10ms, and one out of configurations of #1and #2 will be randomly selected with equal probability;

· Restricted subframe set: {1,1,0,0,1,1,1,0,0,1};
· Two Noc levels: one for 1st restricted subframe set; the other for 2nd restricted subframe set, which 2~6dB higher;
· Schedule subframe #4 and #9 for UL-DL configuration #1 (1st subframe set) and subframe #3 and #8 for UL-DL configuration #2 (2nd subframe set);
· Periodicity of CQI reporting for both sets: 10ms;
· Propagation condition and antenna configuration: the same as FeICIC CQI definition test;
· Transmission mode: the same as FeICIC CQI definition test;
· Test metric: BLER criterion on both restricted subframe sets.
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Figure 2: Test setup for CQI PUCCH 1-0 definition test

5.2 eIMTA PUSCH 3-0 frequency selective CQI test
Since the aperiodic CQI triggering scheme for eIMTA is different from the existing one, we propose to have the aperiodic CQI test for eIMTA. The proposed test setup is provided in Figure 3. 

Firstly to simplify the test, we propose to only use UL-DL configuration #2 for the test. 
Secondly the UL HARQ reference configuration is #0 and the DL HARQ reference configuration is #2. The advantage to utilize configuration #2 is that we can schedule PDSCH on the subframe #3 and #8 for 1st subframe set and on the subframe #4 and #9 for 2nd subframe set by reusing the existing RMC, and there are two subframes for CQI feedback and the reporting intervals for both sets can be set to 10ms.
Thirdly, we propose to trigger CQI measurement for 1st CSI set on subframe #0 and for 2nd CSI set on subframe #5. And we propose the restricted subframe set to be {1,1,0,1,0,1,1,0,1,0}. In that way, the different cases for determining the locations of reference resources for CQI measurements can be tested.
In sum, we propose that:

· Proposal 5: For eIMTA frequency-selective CQI test, the following test parameters are proposed

· UL HARQ reference configuration: UL-DL configuration #0

· Downlink HARQ reference configuration: UL-DL configuration #2;

· Restricted subframe set: {1,1,0,1,0,1,1,0,1,0};
· Two Noc levels: one for 1st restricted subframe set; the other for 2nd restricted subframe set, which 2~6dB higher;

· Schedule subframe #3 and #8 for 1st subframe set and subframe #4 and #9 for 2nd subframe set;
· CQI reporting interval for both sets: 10ms;
· Propagation condition and antenna configuration: the same as FeICIC frequency-selective CQI test;
· Transmission mode: the same as FeICIC frequency-selective CQI test;
· Test metric: [the same as FeICIC frequency-selective CQI test]
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Figure 3: Test setup for CQI PUSCH 3-0 frequency-selective test
6 EPDCCH/PDSCH rate matching test

The two ZP-CSI-RS configurations are allowed to configure for eIMTA. In [4, 6] the new EPDCCH tests are proposed. In our view the alternative way would be to incorporate such functionality test into eIMTA demodulation test, e.g., configuring two ZP-CSI-RS configurations and using EPDCCH to scheduling PDSCH instead of PDCCH.
7 Conclusions
In this contribution, we provide the concrete test setups for eIMTA demodulation performance and CSI tests. The proposals are summarized below.
· Proposal 1: The test the test purposes of eIMTA demodulation and CSI requirements are

· Verify the correct UE behaviour with respect to handling the explicit L1 signalling for the reconfiguration of uplink-downlink configurations.

· Verify the CSI measurement accuracy for two subframe sets with the different interference levels.

· Verify the functionality and performance of periodic CSI reporting;

· Verify the functionality and performance of aperiodic CSI reporting.
· Proposal 2: For the functional PDSCH performance test, the following test parameters are proposed

· The initial UL-DL configuration is 0 (UL HARQ reference configuration); 

· Downlink HARQ reference configuration: UL-DL configuration 5;

· UL-DL configuration will be reconfigured every 10ms, and one configuration out of configurations of #1~4 and #6 will be randomly selected with equal probability;

· One subframe will be scheduled per frame. Which subframe should be scheduled depends on the UL-DL configuration used in this frame, and should be different per configuration;

· Subframe #0, #1, #5 or #6 is randomly selected for dynamic UL-DC reconfiguration L1 transmission.
· Proposal 3: we propose the functional eIMTA demodulation test by using the performance of PDCCH DCI format 1C as the test metric under the fading channel.
· Proposal 4: For eIMTA CQI definition test, the following test parameters are proposed

· UL HARQ reference configuration: UL-DL configuration #0

· Downlink HARQ reference configuration: UL-DL configuration #2;

· UL-DL configuration will be reconfigured every 10ms, and one out of configurations of #1and #2 will be randomly selected with equal probability;

· Restricted subframe set: {1,1,0,0,1,1,1,0,0,1};
· Two Noc levels: one for 1st restricted subframe set; the other for 2nd restricted subframe set, which 2~6dB higher;

· Schedule subframe #4 and #9 for UL-DL configuration #1 (1st subframe set) and subframe #3 and #8 for UL-DL configuration #2 (2nd subframe set);
· Periodicity of CQI reporting for both sets: 10ms;
· Propagation condition and antenna configuration: the same as FeICIC CQI definition test;
· Transmission mode: the same as FeICIC CQI definition test;
· Test metric: BLER criterion on both restricted subframe sets.
· Proposal 5: For eIMTA frequency-selective CQI test, the following test parameters are proposed

· UL HARQ reference configuration: UL-DL configuration #0

· Downlink HARQ reference configuration: UL-DL configuration #2;

· Restricted subframe set: {1,1,0,1,0,1,1,0,1,0};
· Two Noc levels: one for 1st restricted subframe set; the other for 2nd restricted subframe set, which 2~6dB higher;

· Schedule subframe #3 and #8 for 1st subframe set and subframe #4 and #9 for 2nd subframe set;
· CQI reporting interval for both sets: 10ms;
· Propagation condition and antenna configuration: the same as FeICIC frequency-selective CQI test;
· Transmission mode: the same as FeICIC frequency-selective CQI test;
· Test metric: [the same as FeICIC frequency-selective CQI test]
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