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1 Introduction
In RAN4#64 meeting the additional test to verify the receiver type for UE demodulation and CSI reporting was discussed and the way forward was agreed as following. 

Proposed WF:
· One CRS based test is introduced to verify receiver type for UE demodulation and CSI reporting for FDD and TDD within the time of work item completion date

· CSI-RS based test is FFS

· Initial simulation assumptions to be provided by STE and Intel in this meeting 

The initial simulation assumption was also approved in [1]. In this contribution we provide the simulation results checking this methodology if it can serve the purpose to verify the receiver type.
2 Evaluation results
The simulation setup is using the simulation assumption from Table 1 and the Appendix agreed from [1]. Both the relative thoughput ratio with different combination of MRC/IRC receiver used on UE demodulation and CSI reporting as defined below and also the BLER are provided in Figure 1 and 2 with DIP=-0.41dB and in Figure 3 and 4 with DIP -0.21dB for FDD and Figure 5 and 6 with DIP=-0.41dB and in Figure 7 and 8 with DIP -0.21dB for TDD.
(1) MRC on CSI reporting + MRC on UE demodulation as MRC/MRC
(2) IRC on CSI reporting + IRC on UE demodulation as IRC/IRC
(3) MRC on CSI reporting + IRC on UE demodulation as MRC/IRC 
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Table 1 Initial simulation setup for evaluation
	SINR(Geometry) [dB]
	[-4:2:10]

	DIP for the only one interfering cell [dB]
	[-0.41, -0.21]

	Corresponding INR(Interference Noise Ratio) from DIP [dB]
	[10, 13.0]

	Corresponding correlation ratio from DIP
	[0.91, 0.95]

	UE CSI/demodulation algorithm
	MRC/MRC, MRC/IRC, IRC/IRC

	Output of simulation
	LER


In Figure 2, 4, 6, 8 the tag with DIP_length=1 means the BLER with interference model with certain DIP defined in Table 1. And the tag with DIP_length=0 means the BLER with the AWGN model.
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Figure 1 Relative throughput results with MRC/IRC combinations with DIP=-0.41dB for FDD
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Figure 2 BLER results with MRC/IRC combinations with DIP=-0.41dB for FDD
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Figure 3 Relative throughput results with MRC/IRC combinations with DIP=-0.21dB for FDD
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Figure 4 BLER results with MRC/IRC combinations with DIP=-0.21dB for FDD
[image: image6.png]—+— cross_tag = 'MRC/MRC'
cross_tag = IRC/IRC'
cross_tag = 'MRC/RC'





Figure 5 Relative throughput results with MRC/IRC combinations with DIP=-0.41dB for TDD
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Figure 6 BLER results with MRC/IRC combinations with DIP=-0.41dB for TDD
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Figure 7 Relative throughput results with MRC/IRC combinations with DIP=-0.21dB for TDD
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Figure 8 BLER results with MRC/IRC combinations with DIP=-0.21dB for TDD
It can be seen with the same observation as what we have seen from [2] with the correlated noise model since it serves the same purpose for this test which is to use a high correlated interference/noise model to distinguish if there is any cheat in the receiver on UE demodulation or to report CSI by using MRC receiver. In Figure 1 the relative throught ratio is around 1 for MRC/MRC as expected since there is no gain when only a MRC receiver is applied. The ratio is about 1.5 for MRC/IRC. The gain is achieved by the IRC from the UE demodulation part which can be seen from Figure 2 with the BLER results. Then MRC/IRC combination gives a BLER close to 0 since MRC CSI reporting will give a much pessimistic reporting which causes a much lower CQI and results in a zero BLER. However, the throughput gain of the MRC/IRC is still larger than one due to the IRC demodulation for BLER almost zero. Therefore it is necessary to put an additional requirement on the minimum BLER to prevent under-reporting. An example for the test can be defined as following.

For an SNR=-2dB, the γ should be larger than 2.5 with a BLER always larger than 0.02.

The observations can be summarized as below.

Observation 1: The test defined in [1] can be taken as a good way to verify the receiver type.
Observation 2: Same trend for both FDD and TDD setup is seen.

Observation 3: More difference happens with a low SNR such as SNR=-2dB. 
Observation 4: A higher correlation model with DIP=-0.21dB gives more difference.

Observation 5: A BLER criteria can be applied to rule out the MRC/IRC case by using such as BLER>0.02.
Based on the observations above we propose the following as the way forward for this test.

Proposal 1: Agree to define an additional relative throughput test using the proposed scenario from [1] in this meeting.
Proposal 2: A low SNR such as SNR=-2dB with a higher correlation model such as DIP=-0.21dB with a BLER criteria such as BLER>0.02 can be used as preliminary setup for the proposed scenario from [1].
Proposal 3: Alignment results are collected in RAN4#65 meeting with refined requirement setup for the relative throughput ratio.
3 Conclusion
In this contribution we evaluate the proposal to verify the receiver type and prove it’s a good way to serve such purpose. In order to meet the tight time schedule for the advanced receiver work item we propose the way forward as below.
Proposal 1: Agree to define an additional relative throughput test using the proposed scenario from [1] in this meeting.
Proposal 2: A low SNR such as SNR=-2dB with a higher correlation model such as DIP=-0.21dB with a BLER criteria such as BLER>0.02 can be used as preliminary setup for the proposed scenario from [1].
Proposal 3: Alignment results are collected in RAN4#65 meeting with refined requirement setup for the relative throughput ratio.
4 References
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5 Appendix [1]

The proposed framework for evaluation would look like the following in case it is further used as basis for a requirement scenario in TS36.101:

· Additional requirements for enhanced receiver types
This clause includes requirements for the reporting of channel state information (CSI) for receivers of the enhanced type for which the performance requirements in [clause with the demodulation requirements for the enhanced receiver type] apply. The purpose of the test is to verify that the reporting of the channel state is based on the receiver of the enhanced type. Performance requirements are specified in terms of the relative increase of the throughput obtained when the transport format is that indicated by the reported CQI subject to an interference model compared to the case with an applied white Gaussian noise model, and a requirement on the minimum BLER of the transmitted transport formats indicated by the reported CQI.

· Minimum requirement PUCCH 1-0 (Cell-Specific Reference Symbol)
· FDD

For the parameters specified in Table 2, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 3 and by the following 

a)
the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index subject to an interference source with specified DIP and that obtained when transmitting the transport format indicated by each reported wideband CQI index subject to a white Gaussian noise source shall be ≥ ;

b)
when transmitting the transport format indicated by each reported wideband CQI index, the average BLER for the indicated transport formats shall be greater than or equal to TBD
The transport block sizes TBS for wideband CQI median and reported wideband CQI are selected according to Table A.4-3 (for Category 2-8) or Table A.4-9 (for Category 1) [3]. 
Table 2 Fading test for single antenna (FDD)

	Parameter
	Unit
	Cell 1
	Cell 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Cell ID
	
	0
	1

	 SINR (Note 3)
	dB
	TBD
	N/A
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	dB[mW/15kHz]
	-98
	N/A

	Propagation channel
	
	EPA5
	Static (Note 8)

	Correlation and antenna configuration
	
	Low (1 x 2)
	N/A

	Dominant interferer proportion (Note 5)
	dB
	N/A
	TBD

	Reporting mode
	
	PUCCH 1-0
	N/A

	Reporting periodicity
	ms
	Npd = 2
	N/A

	CQI delay
	ms
	8
	N/A

	 Physical channel for CQI reporting
	
	PUSCH (Note 4)
	N/A

	PUCCH Report Type
	
	4
	N/A

	cqi-pmi-ConfigurationIndex
	
	1
	N/A

	Max number of HARQ transmissions
	
	1
	N/A

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink SF not later than SF#(n-4), this reported wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-1 for Category 2-8 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1 and Table A.4-7 for Category 1 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2 [3].

Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SINR(s) and the respective wanted signal input level. 

Note 4:
To avoid collisions between CQI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#1, #3, #7 and #9 to allow periodic CQI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#5, #7, #1 and #3.
Note 5:     The respective received power spectral density of each interfering cell relative to 
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 is defined by its associated DIP value [4].
Note 6:
Two cells are considered in which one is the serving cell and the other is the interfering cell. The number of the CRS ports in both cells is the same. Intefering cell is fully loaded.

Note 7: 
Both cells are time-synchronous.
Note 8:     Static channel is used for the interference model. In case for white Guassian noise model Cell 2 is skipped.


Table 3 Minimum requirement (FDD)

	
	Test 1
	Test 2

	 
	TBD
	TBD

	UE Category
	1-8
	1-8


· TDD

For the parameters specified in Table 4, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 5 and by the following 

a)
the ratio of the throughput obtained when transmitting the transport format indicated by each reported wideband CQI index subject to an interference source with specified DIP and that obtained when transmitting the transport format indicated by each reported wideband CQI index subject to a white Gassuan noise source shall be ≥ ;

b)
when transmitting the transport format indicated by each reported wideband CQI index, the average BLER for the indicated transport formats shall be greater than or equal to TBD.

The transport block sizes TBS for wideband CQI median and reported wideband CQI are selected according to Table A.4-3 (for Category 2-8) or Table A.4-9 (for Category 1) [3]. 
Table 4 Fading test for single antenna (TDD)

	Parameter
	Unit
	 Cell 1
	 Cell 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	Cell ID
	
	0
	1

	 SINR (Note 3)
	 dB
	TBD
	N/A
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	EPA5
	Static(Note 8)

	Correlation and antenna configuration
	
	Low (1 x 2)
	N/A

	Dominant interferer proportion (Note 5)
	dB
	N/A
	TBD

	Reporting mode
	
	PUCCH 1-0
	N/A

	Reporting periodicity
	ms
	Npd = 5
	N/A

	CQI delay
	ms
	10 or 11
	N/A

	Physical channel for CQI reporting
	
	PUSCH (Note 4)
	N/A

	PUCCH Report Type
	
	4
	N/A

	cqi-pmi-ConfigurationIndex
	
	3
	N/A

	Max number of HARQ transmissions
	
	1
	N/A

	ACK/NACK feedback mode
	
	Multiplexing
	N/A

	Note 1:
If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink SF not later than SF#(n-4), this reported wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-2 for Category 2-8 with one sided dynamic OCNG Pattern OP.1 TDD as described in Annex A.5.2.1 and Table A.4-8 for Category 1 with one/two sided dynamic OCNG Pattern OP.1/2 TDD as described in Annex A.5.2.1/2 [3].

Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SINR(s) and the respective wanted signal input level.

Note 4:
To avoid collisions between CQI reports and HARQ-ACK it is necessary to report both on PUSCH instead of PUCCH. PDCCH DCI format 0 shall be transmitted in downlink SF#3 and #8 to allow periodic CQI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#7 and #2.
Note 5:     The respective received power spectral density of each interfering cell relative to 
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 is defined by its associated DIP value [4].
Note 6:
Two cells are considered in which one is the serving cell and the other is the interfering cell. The number of the CRS ports in both cells is the same. Intefering cell is fully loaded.

Note 7: 
Both cells are time-synchronous.
Note 8:     Static channel is used for the interference model. In case for white Guassian noise model Cell 2 is skipped.


Table 5 Minimum requirement (TDD)

	
	Test 1
	Test 2

	 
	TBD
	TBD

	UE Category
	1-8
	1-8


PAGE  
5

_1406592562.unknown

_1406596035.unknown

_1405670014.unknown

