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1 Introduction
In RAN4#62bis meeting the CSI requirement under advanced receiver work item was discussed but without an agreement made. In RAN4#63 meeting due to limited time this topic was not discussed during the meeting. In this contribution we discuss the current need for the CSI requirement for the enhanced receiver type and propose the way forward with simulation results and test configuration. 
2 CSI requirement with advanced receiver
During SI phase [1] the CSI requirement was not in the scope and no discussion paper was presented to study the need for and the purpose of additional CSI requirements. The tight time schedule of the WI does not allow a study of the need for CSI requirements with e.g. interference of the type considered for the demodulation requirements. We remark that the scope of the existing CSI requirements is equally applicable to any receiver type. However, it should be verified that the CSI reporting is actually based on the enhanced receiver type (with IRC as a reference receiver), so that proper eNB scheduling can be made for these enhanced UE(s). This could be made with a simple test using correlated white noise that is straightforward to simulate. In this way the time plan of the WI would not be jeopardised while ensuring sufficient test coverage for Rel-11.
It is recalled that the CSI requirement is aimed to check if
1. the CQI definition is followed
2. Excessive filtering in time and frequency is not applied.
3. Preferred sub-band are used with piecewise constant interference and can be scheduled without too much filtering in frequency domain.
4. the PMI is "correctly" reported

5. the RI is "correctly" reported 

These should be met regardless of receiver type, and care was also made when these were specified so that advanced receivers would not be penalised. Hence the purpose of these tests is not to verify the actual CQI reported under any particular interference scenario. If we change this for the advanced receiver it could be equally changed for the Rel-8 since these CSI tests are not tied to the FRC demod tests.

Observation 1: the CSI requirements defined for the legacy releases are also applicable for an advanced receiver.

The missing test coverage for the CSI requirement is that there is no gurantee that the UE uses an advance receiver (e.g. IRC receiver) for both UE demodulation test and CSI reporting. It’s possible that the UE uses e.g. an IRC to pass the normal UE demodulation test but an MRC receiver to pass the CSI test. So a new test may need to verify that demodulation and CSI reporting is consistent for the receiver type.
The purpose of this test is to make sure the UE uses IRC receiver to report CSI. The fading test for CQI with report mode PUCCH 1-0 with SIMO TM1 could be reused and extended for this purpose. In stead of uncorrelated white noise at the two antenna ports, a correlated noise model could be used. 
In Figure 1 a SIMO channel model from serving and interfering cell can be found. The received signals are given by
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Figure 1 PUCCH 1-0 SIMO model
In a white noise model the covariance between n1 and n2 is zero 
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 where ρ is the correlation coefficient. ρ can be chosen with a high value such as 0.9~0.95 if an real value is considered. Or a complex with high correlation could be also used for better mapping the random channel [2]. 
We can then define a relative throughput test listed as below. When a certain gamma is defined such as >1, an IRC receiver can easily pass the test but with a MRC receiver it would underestimate the CQI and fail the test. This could be a simple test and easy to set up with the current available test case.
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Proposal 1: Define an additional relative throughput test using correlated noise model for the PUCCH 1-0 SIMO fading test to verify the receiver type. 
In Figure 2 different MRC/IRC combinations are shown with relative throught ratio gamma. Figure 3 gives the BLER. There are 3 different combinations of MRC and IRC are considered in the simulation. In order to avoid any impact from the channel correlation we use EPA low instead of the original EPA high.
(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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Figure 2 Relative throughput results with MRC/IRC combinations and different correlations
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Figure 3 BLER results with MRC/IRC combinations and different correlations
In Figure 2 the relative throught ratio is 1 for MRC/MRC as expected that 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 3 with the BLER results. When a correlation is 0.9 or 0.95 MRC/IRC give 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=0dB, the γ should be larger than 2 with a BLER always larger than 0.02.

Proposal 2: A proper γ should be chosen in a low SNR range with a BLER criteria defined for such relative throughput test.
The need for further CSI requirements could be further studied at a later stage recognizing that the scope of the existing CSI requirements is applicable for any receiver type.
Proposal 3: The legacy CSI requirement can be reused for an advanced receiver. 
3  In the specification

The proposed changes to the Rel-11 specification would look like the following: a new clause is added to the section on CQI reporting under fading conditions. The requirement applies to UE(s) equipped with receivers of the enhance type, and that is also subject to the demodulation tests for receivers if the enhanced type.
< start of changes >

Table 9.3.4.2.2-2 Minimum requirement (TDD)

	
	Test 1
	Test 2

	 
	1.15
	1.15

	UE Category
	1-8
	1-8


9.3.5
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 a white correlated noise souce compared to the case with an applied white uncorrelated noise source, and a requirement on the minimum BLER of the transmitted transport formats indicated by the reported CQI.
9.3.5.1
Minimum requirement PUCCH 1-0 (Cell-Specific Reference Symbol)
9.3.5.1.1
FDD

For the parameters specified in Table 9.3.5.1.1-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.3.5.1.1-2 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 a white correlated noise source with specified correlation and that obtained obtained when transmitting the transport format indicated by each reported wideband CQI index subject to a white uncorrelated 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). The correlated white noise source is specified in [Annex B].
Table 9.3.5.1.1-1 Fading test for single antenna (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	 SNR (Note 3)
	dB
	TBD
	TBD
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	dB[mW/15kHz]
	TBD
	TBD
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	EPA5

	Correlation and antenna configuration
	
	Low (1 x 2)

	Noise correlation
	
	0.95 (1 x 2) [Annex B]

	Reporting mode
	
	PUCCH 1-0

	Reporting periodicity
	ms
	Npd = 2

	CQI delay
	ms
	8

	 Physical channel for CQI reporting
	
	PUSCH (Note 4)

	PUCCH Report Type
	
	4

	cqi-pmi-ConfigurationIndex
	
	1

	Max number of HARQ transmissions
	
	1

	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.

Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(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.


Table 9.3.5.1.1-2 Minimum requirement (FDD)

	
	Test 1
	Test 2

	 
	TBD
	TBD

	UE Category
	1-8
	1-8


9.3.5.1.2
TDD

For the parameters specified in Table 9.3.5.1.2-1, and using the downlink physical channels specified in Annex C, the minimum requirements are specified in Table 9.3.5.1.2-2 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 a white correlated noise source with specified correlation and that obtained obtained when transmitting the transport format indicated by each reported wideband CQI index subject to a white uncorrelated 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). The correlated white noise source is specified in [Annex B].
Table 9.3.5.1.2-1 Fading test for single antenna (TDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	 SNR (Note 3)
	 dB
	TBD
	TBD

	
[image: image11.wmf])

(

ˆ

j

or

I


	 dB[mW/15kHz]
	TBD
	TBD

	
[image: image12.wmf])

(

j

oc

N


	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	EPA5

	Correlation and antenna configuration
	
	Low (1 x 2)

	Noise correlation
	
	0.95 (1 x 2) [Annex B]

	Reporting mode
	
	PUCCH 1-0

	Reporting periodicity
	ms
	Npd = 5

	CQI delay
	ms
	10 or 11

	Physical channel for CQI reporting
	
	PUSCH (Note 4)

	PUCCH Report Type
	
	4

	cqi-pmi-ConfigurationIndex
	
	3

	Max number of HARQ transmissions
	
	1

	ACK/NACK feedback mode
	
	Multiplexing

	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.

Note 3:
For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(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.


Table 9.3.5.1.2-2 Minimum requirement (TDD)

	4 
	5 Test 1
	6 Test 2

	 
	TBD
	TBD

	UE Category
	1-8
	1-8


< end of changes >

7 Conclusion
In order to meet the tight time schedule for the advanced receiver work item we discuss the CSI requirement with advanced receiver in this contribution and propose the following to simplify the requirement setup.
Proposal 1: Define an additional relative throughput test using correlated white noise model for the PUCCH 1-0 SIMO fading test to verify that the reporting is based on the enhanced receiver type.
Proposal 2: A proper γ should be chosen in a low SNR range with a BLER criteria defined for such relative throughput test.
Proposal 3: The legacy CSI requirement can be reused for an advanced receiver. 
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