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1. Introduction

In the RAN4 #71 and #72 meetings a number of agreements on the functional PDSCH demodulation test setup for the LTE TDD eIMTA [1] were reached [2]. The summary of agreements is provided below:
· Test purposes
· At least verification of properly handling dynamic UL-DL reconfiguration L1 signalling with different UL-DL configuration from SIB-1, and other purposes are not excluded.

· 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

· 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

· Single carrier setup is used

· Performance metric is FFS 

In this contribution, we share our views on the remaining details of the eIMTA PDSCH demodulation test scenario. 

2. Functional PDSCH demodulation test
In the previous meetings the functional PDSCH demodulation test was agreed to be introduced in order to verify eIMTA impacts on the UE demodulation. In our view, the following test setup aspects need to be decided:

· eIMTA capabilities

· TDD UL-DL configurations

· Reconfiguration DCI signalling details (explicit L1 signalling)

· Transmission modes

· Interference model

· Test metric

2.1 LTE TDD eIMTA capabilities and test purposes
Based on current agreements the PDSCH test purposes include “At least verification of properly handling dynamic UL-DL reconfiguration L1 signalling with different UL-DL configuration from SIB-1”. In our view, no additional test purposes should be considered and the PDSCH demodulation test should be aimed at verification of the basic eIMTA capabilities [7-1] which include explicit L1 signalling of UL-DL reconfiguration by UE-group-common PDCCH on Pcell CSS and scheduling/HARQ timing followed DL/UL reference configurations. Meanwhile, CSI reporting tests should be used for the verification of eIMTA subframe set dependent CSI measurement / feedback capabilities (i.e. feature [7-3]). Furthermore, the impact of new NZP CSI-RS configurations (which are introduced in the scope of feature [7-3]) on the PDSCH rate matching can be verified in the CSI reporting test as well. So, the PDSCH demodulation test should be designed in the assumption that UE is not capable/configured to make eIMTA subframe set dependent CSI measurements and feedback (i.e. feature [7-3]).
Proposal #1: The eIMTA PDSCH test purposes include verification of properly handling dynamic UL-DL reconfiguration L1 signalling with different UL-DL configuration from SIB-1, and other purposes are not included.

Proposal #2: The eIMTA PDSCH test is designed under assumption that UE uses eIMTA feature [7-1] and does not use eIMTA feature [7-3].

2.2 TDD UL-DL configurations

In the previous meetings the following agreements on the eIMTA TDD UL-DL configurations were reached [2]:

· 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.

The DL HARQ reference configuration is used to derive the timing relations for the DL HARQ operation (i.e. PDCCH scheduling assignment, PDSCH transmission, and HARQ feedback). This configuration can be chosen from Rel-8 TDD UL-DL configurations {2, 4, 5}. Based on previous agreements either configuration #2 or #5 should be used. There are several factors which should be taken into account for the selection of the respective configuration:

· Verification of correct special subframe handling. If the SF #6 is a special SF indicated by SIB1 UL-DL configuration, but a regular DL SF indicated by the dynamic UL-DL configuration, the UE shall assume that SF #6 is a regular DL SF. To enable verification of this functionality, UL-DL configuration #5 which allows reconfiguration of SF #6 should be used.

· Reconfiguration flexibility. Another important factor, is the possible reconfiguration flexibility and hence the set of possible UL-DL configurations used for dynamic reconfiguration. The configuration #5 allows more flexible reconfiguration capabilities and recommended to be used for the PDSCH tests.

In case if SIB1 TDD UL-DL configuration #0 and DL HARQ reference configuration #5 are used, the UL-DL configurations {0, 1, 2, 3, 4, 5, 6} can be used for the dynamic reconfiguration (i.e. Option 2). However, to enable more thorough verification of the eIMTA reconfiguration functionality, the full set of possible configuration is recommended to be considered in the RAN4 tests.

In Figure 1, we illustrate the SIB1, DL HARQ reference and dynamic TDD UL-DL configurations proposed to be used in the eIMTA PDSCH demodulation test setup.
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Figure 1. eIMTA PDSCH test TDD UL-DL configurations

Proposal #3: The following TDD UL-DL configuration parameters are used:

· DL HARQ reference TDD UL-DL configuration #5

· Dynamic TDD UL-DL configurations {0, 1, 2, 3, 4, 5, 6}

2.3 L1 reconfiguration DCI signalling

In the previous meetings the following agreements on the reconfiguration DCI signaling were reached [2]:

· 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

The set of subframes to monitor the reconfiguration DCI is higher-layer configured and UE shall not be configured to monitor reconfiguration DCI in non-SIB-1 DL and special subframes. So, when SIB1 UL-DL configuration #0 is used, the subframes for reconfiguration DCI transmission can be chosen from the subset {0, 1, 5, 6}. For the 10ms L1 reconfiguration DCI periodicity the new dynamic UL-DL configuration needs to applied in the current frame if SF #0 is used for the L1 signalling. In case of using other subframes for the L1 reconfiguration signalling, the new UL-DL configuration is applied in the next frame only. To enable verification of both possible cases it is proposed that all subframes can be used for the reconfiguration signalling. At least subframes 0 and 5 should be considered. The reconfiguration DCI should be transmitted in one of the subframes only and the exact SF can be selected randomly.
Proposal #4: The following L1 reconfiguration DCI signalling parameters are used:

· The set of subframes to monitor the L1 reconfiguration DCI includes all SIB-1 DL/S subframes {0,1,5,6}

· The subframes for L1 reconfiguration DCI transmission are chosen in a random way on a per-DCI basis.

2.4 Transmission modes

Dynamic UL-DL reconfiguration functionality is identical for all TMs. So, for the eIMTA PDSCH demodulation test the TM selection is not a critical issue. One of the mandatory transmission modes can be used for the test. For instance, TM1 can be used to simplify test setup.
At the same time, we would like to note that the TM behaviour may be impacted if UE supports subframe set dependent CSI measurement / feedback capabilities. In the latter case, the PDSCH/EPDCCH RE mapping may depend on whether TM1-9 or TM10 is used. So, further discussion on the TM selection should be mainly done in the scope of CSI test setup design.

Proposal #5: Transmission mode 1 is used.

2.5 Interference model
For the eIMTA systems the UE will experience different types of interference in DL static subframes (i.e. SIB1 based DL subframes) and flexible DL subframes (i.e. reconfigurable DL subframe). In the static DL subframes the UE will experience the “legacy” interference from the neighbouring BSs. Meanwhile, in flexible subframes UE may experience the interference from UL transmissions in the neighbouring cells. At the same time, the exact physical structure of the interference signals is not important as long as enhanced receiver algorithms (e.g. NAICS, CRS-IC) are not considered in the eIMTA WI scope. So, in our view there are no clear benefits of explicit interference modelling for the PDSCH demodulation tests and both DL and UL interference signals can be emulated via AWGN.

One of the eIMTA PDSCH test purposes is to verify correctness of the PDSCH scheduling and HARQ timing which should follow DL HARQ reference TDD UL-DL configuration. So, the SNR region for the test should be chosen in a way to allow multiple HARQ retransmissions. Additionally, we do not see any advantages in emulating different SNR levels in the regular and flexible DL subframes and, therefore, fixed noise level in all subframes can be assumed for the test setup to simplify test procedure and requirements definition.

Proposal #6: The interference signals are not explicitly modelled.

Proposal #7: The AWGN model with fixed SNR across flexible and regular subframes is used.

2.6 Performance metrics

In the previous RAN4 meetings the following potential performance metrics were identified:
· Fraction of max throughput

· SNR required to reach x% of maximum throughput

· PDCCH error rate

The first two metrics are defined with respect to the PDSCH throughput performance, while the third one is based on PDCCH error rate measurement. In the actual test setup both PDSCH and PDCCH demodulation will be done at the UE side and hence any of the metrics can be measured and used to characterize the performance. Meanwhile, for the requirements definition procedure the first two metrics seem to be more natural approaches, while the PDCCH based metric will require more efforts from the RAN4 perspective. So, PDSCH based performance metrics are preferred. Furthermore, in our view the conventional PDSCH test metric based on the SNR required to reach x% of maximum throughput should be used.

Proposal #8: The SNR required to reach x% of maximum throughput is used as the test metric.

2.7 PDSCH test setup

The proposed test setup is provided in Tables X1, X2 and X3.
Table X1: Test Parameters
	Parameter
	Unit
	Value

	SIB1 TDD UL-DL configuration (Note 1)
	
	0

	DL HARQ reference TDD UL-DL configuration (Note 1)
	
	5

	Set of dynamic TDD UL-DL configurations (Note 1, 2)
	
	{0, 1, 2, 3, 4, 5, 6}

	Special subframe configuration (Note 3)
	
	4

	Periodicity of monitoring the L1 reconfiguration DCI
	ms
	10

	Set of subframes to monitor the L1 reconfiguration DCI (Note 4)
	
	{0,1,5,6}

	Cyclic prefix
	
	Normal

	Cell ID
	
	0

	Inter-TTI Distance
	
	1

	Number of DL HARQ processes
	Processes
	15

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3}

	Number of OFDM symbols for PDCCH
	OFDM symbols
	2

	Cross carrier scheduling
	
	Not configured

	Propagation condition
	
	TBD

	Antenna configuration
	
	1x2 low correlation

	Downlink power allocation
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	-85

	Symbols for unused PRBs
	
	OCNG

	Transmission mode
	
	1

	ACK/NACK feedback mode
	
	Multiplexing

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

Note 2: 
dynamic TDD UL-DL configurations are randomly selected from a possible subset on a per-DCI basis.

Note 3:
as specified in Table 4.2-1 in TS 36.211.

Note 4:
the subframes for L1 reconfiguration DCI transmission are chosen in a random way on a per-DCI basis.
Note 5:
PB = 0


Table X2: Minimum requirement

	Test
	Reference channel
	Reference value
	UE 

Category
	CA 

capability

	
	
	Fraction of 

Maximum 

Throughput 

(%)
	SNR 

(dB)
	
	

	1
	R.X TDD eIMTA
	[70]
	TBD
	1-8
	-


Table X3: Fixed Reference Channel

	Parameter
	Unit
	Value

	Reference channel
	
	R.X TDD eIMTA

	Channel bandwidth
	MHz
	10

	Allocated resource blocks (Note 5)
	
	50

	Modulation
	
	QPSK

	Target Coding Rate
	
	1/3

	Dynamic Uplink-Downlink Configuration (Note 3)
	
	0
	1
	2
	3
	4
	5
	6

	Allocated subframes per Radio Frame (D+S)
	
	2+2
	4+2
	6+2
	6+1
	7+1
	8+1
	3+2

	Information Bit Payload (Note 6)
	
	
	
	
	
	
	
	

	  For Sub-Frame 0
	Bits
	4392
	4392
	4392
	4392
	4392
	4392
	4392

	  For Sub-Frame 1
	Bits
	3240
	3240
	3240
	3240
	3240
	3240
	3240

	  For Sub-Frame 2
	Bits
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	  For Sub-Frame 3
	Bits
	NA
	NA
	4392
	NA
	NA
	4392
	NA

	  For Sub-Frame 4
	Bits
	NA
	4392
	4392
	NA
	4392
	4392
	NA

	  For Sub-Frame 5
	Bits
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	  For Sub-Frame 6
	Bits
	3240
	3240
	3240
	3240
	3240
	3240
	3240

	  For Sub-Frame 7
	Bits
	NA
	NA
	NA
	4392
	4392
	4392
	NA

	  For Sub-Frame 8
	Bits
	NA
	NA
	4392
	4392
	4392
	4392
	NA

	  For Sub-Frame 9
	Bits
	NA
	4392
	4392
	4392
	4392
	4392
	4392

	Number of Code Blocks (Notes 4 and 5)
	
	
	
	
	
	
	
	

	  For Sub-Frame 0
	
	1
	1
	1
	1
	1
	1
	1

	  For Sub-Frame 1
	
	1
	1
	1
	1
	1
	1
	1

	  For Sub-Frame 2
	
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	  For Sub-Frame 3
	
	NA
	NA
	1
	NA
	NA
	1
	NA

	  For Sub-Frame 4
	
	NA
	1
	1
	NA
	1
	1
	NA

	  For Sub-Frame 5
	
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	  For Sub-Frame 6
	
	1
	1
	1
	1
	1
	1
	1

	  For Sub-Frame 7
	
	NA
	NA
	NA
	1
	1
	1
	NA

	  For Sub-Frame 8
	
	NA
	NA
	1
	1
	1
	1
	NA

	  For Sub-Frame 9
	
	NA
	1
	1
	1
	1
	1
	1

	Binary Channel Bits (Note 5)
	
	
	
	
	
	
	
	

	  For Sub-Frame 0
	Bits
	13104
	13104
	13104
	13104
	13104
	13104
	13104

	  For Sub-Frame 1
	Bits
	11256
	11256
	11256
	11256
	11256
	11256
	11256

	  For Sub-Frame 2
	Bits
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	  For Sub-Frame 3
	Bits
	NA
	NA
	13800
	NA
	NA
	13800
	NA

	  For Sub-Frame 4
	Bits
	NA
	13800
	13800
	NA
	13800
	13800
	NA

	  For Sub-Frame 5
	Bits
	13656
	13656
	13656
	13656
	13656
	13656
	13656

	  For Sub-Frame 6
	Bits
	11256
	11256
	11256
	11256
	11256
	11256
	11256

	  For Sub-Frame 7
	Bits
	NA
	NA
	NA
	13800
	13800
	13800
	NA

	  For Sub-Frame 8
	Bits
	NA
	NA
	13800
	13800
	13800
	13800
	NA

	  For Sub-Frame 9
	Bits
	NA
	13800
	13800
	13800
	13800
	13800
	13800

	Code rate
	
	
	
	
	
	
	
	

	  For Sub-Frame 0
	
	0,34
	0,34
	0,34
	0,34
	0,34
	0,34
	0,34

	  For Sub-Frame 1
	
	0,29
	0,29
	0,29
	0,29
	0,29
	0,29
	0,29

	  For Sub-Frame 2
	
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	  For Sub-Frame 3
	
	NA
	NA
	0,32
	NA
	NA
	0,32
	NA

	  For Sub-Frame 4
	
	NA
	0,32
	0,32
	NA
	0,32
	0,32
	NA

	  For Sub-Frame 5
	
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	  For Sub-Frame 6
	
	0,29
	0,29
	0,29
	0,29
	0,29
	0,29
	0,29

	  For Sub-Frame 7
	
	NA
	NA
	NA
	0,32
	0,32
	0,32
	NA

	  For Sub-Frame 8
	
	NA
	NA
	0,32
	0,32
	0,32
	0,32
	NA

	  For Sub-Frame 9
	
	NA
	0,32
	0,32
	0,32
	0,32
	0,32
	0,32

	Max. Throughput averaged over 1 frame (Note 5)
	Mbps
	1.09
	1.97
	2.84
	2.40
	2.84
	3.28
	1.53

	Max. Throughput averaged over 1 frame and over all dynamic UL-DL configurations (Note 5)
	Mbps
	2.279

	UE Category
	
	≥ 1

	Note 1:
2 OFDM symbols are allocated to PDCCH in all subframes

Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4].
Note 3:
As per Table 4.2-2 in TS 36.211 [4].

Note 4:
If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).

Note 5:
Given per component carrier per codeword.


3. Conclusions

In this contribution, we provided our views on the details of the eIMTA functional PDSCH demodulation test. In summary, we have the following proposals:

Proposals:

1. The eIMTA PDSCH test purposes include verification of properly handling dynamic UL-DL reconfiguration L1 signalling with different UL-DL configuration from SIB-1, and other purposes are not included.

2. The eIMTA PDSCH test is designed under assumption that UE uses eIMTA feature [7-1] and does not use eIMTA feature [7-3].

3. The following TDD UL-DL configuration parameters are used:

· DL HARQ reference TDD UL-DL configuration #5

· Dynamic TDD UL-DL configurations {0, 1, 2, 3, 4, 5, 6}

4. The following L1 reconfiguration DCI signalling parameters are used:

· The set of subframes to monitor the L1 reconfiguration DCI includes all SIB-1 DL/S subframes {0,1,5,6}

· The subframes for L1 reconfiguration DCI transmission are chosen in a random way on a per-DCI basis.

5. Transmission mode 1 is used.

6. The interference signals are not explicitly modelled.
7. The AWGN model with fixed SNR across flexible and regular subframes is used.

8. The SNR required to reach x% of maximum throughput is used as the test metric.
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