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1
Introduction
In the current test configurations of Channel State Information (CSI) reporting in Section 9 of TS36.101, some test cases require the use of PUCCH for transmitting periodic CSI reports and others using PUSCH for aperiodic reports. For test cases using PUCCH, there is a risk of collision between CQI/PMI/RI and ACK/NACK reports in the same uplink subframe, forcing the UE to drop CQI/PMI/RI when the PUCCH format is configured to use format 2. 
In the RAN4#54 meeting, a proposal of changing PUCCH reporting format 2 to 2a was introduced in [1] allowing CQI/PMI/RI to be multiplexed with ACK/NACK. However, some concerns were raised in regards to the UE capability since not all UEs will support such a format, especially in the early released ones. 
In this contribution, we examine test configurations used in each CSI test more closely to identify problematic cases, and then list possible solutions and give our recommendations. 
2
Discussion
In Table 1, we summarize CSI reporting modes and related parameters used in each test case.

Table 1: CQI/PMI/RI reporting parameters in CSI tests

	Test Scenarios
	Reporting mode
	PUCCH Format
	PUCCH Report Type
	Reporting Periodicity/Interval
	cqi-pmi-ConfigIndex
	ri-ConfigIndex

	CQI reporting under AWGN conditions
	 
	 
	 
	 
	 
	 

	AWGN 1Tx
	PUCCH 1-0
	[Format 2]
	4
	5ms
	FDD=5

TDD=3
	-

	AWGN 2Tx
	PUCCH 1-1
	[Format 2]
	2
	5ms
	FDD=5

TDD=3
	-

	CQI reporting under fading conditions
	 
	 
	 
	 
	 
	 

	Frequency-selective scheduling
	PUSCH 3-0
	-
	-
	5ms
	-
	-

	Frequency non-selective scheduling
	PUCCH 1-0
	[Format 2]
	4
	FDD=2ms

TDD= 5ms
	FDD=1

TDD=3
	-

	Frequency-selective interference
	PUSCH 3-0
	-
	-
	5ms
	-
	-

	Reporting of PMI
	 
	 
	 
	 
	 
	 

	Single PMI
	PUSCH 3-1
	-
	-
	1ms
	-
	-

	Multiple PMI
	PUSCH 1-2
	-
	-
	1ms
	-
	-

	Reporting of RI
	 
	 
	 
	 
	 
	 

	2Tx
	PUCCH 1-1
	[Format 2]
	3
	5ms
	FDD=5

TDD=3
	[1]


From the table, we can first safely eliminate all PUSCH reporting tests from any further discussion, because their CQI/PMI reports are transmitted in PUSCH. Hence there is no collision issue.
Secondly, since there is no PDSCH data to be scheduled for subframes 0 and 5 in the downlink transmission for all CSI tests, with careful BS scheduling, corresponding uplink PUCCH subframes could be used for transmitting CQI/PMI or RI reports in lieu of ACK/NACK reports. This means for test cases with 5ms reporting periodicity, the collision issue is avoided.
For the frequency non-selective scheduling test case with reporting periodicity of 2ms for FDD, there will be a minimum of 4 collisions between CQI and ACK/NACK reports in one radio frame, even with careful BS scheduling. Although the propagation channel used in this test is a time slow-varying EPA5 channel, it is still not desirable to drop 80% of CQI reports and cause unfavorable impact to the already low throughput ratio requirement. To this end, we list two possible ways forward as follows:
· Modify the reporting periodicity to 5ms (instead of 2ms). This could have some impact to the already agreed performance requirements, but the impact would be minimal since the channel is EPA5 and the existing requirements could still be applicable. Further delay of finalizing performance requirements should be allowed for companies to verify their performance.
· Utilize the same concept in CSI tests configured with PUSCH reporting mode, by enabling uplink grant, UE can “piggyback” CQI reports in PUSCH for this test whenever collision occurs. This would allow the calculation of CQI reports and reporting periodicity to remain unchanged, and no modification to existing test parameters or additional performance simulations is required. 
Proposal 1: It is proposed to configure uplink grant to allow UE to “piggyback” CQI reports on PUSCH for the frequency non-selective scheduling test.
Lastly, for the RI reporting test, uplink CQI/PMI (or RI) reports collisions can be resolved in the same manner as before with careful BS scheduling to transmit in uplink PUCCH where ACK/NACK reporting is not required. However, RI reports are always transmitted in different uplink subframes to the CQI/PMI reports, one subframe earlier in this test. This means the collision would still be unavoidable for either the CQI/PMI or the RI reports with ACK/NACK. To resolve this issue, we propose also to "piggyback" CQI/PMI and RI reports in PUSCH subframes whenever collision occurs by enabling uplink grant, similar to the above proposal 1.
Proposal 2: It is proposed to configure uplink grant to allow UE to “piggyback” CQI/PMI or RI reports on PUSCH for the rank indication test.
3
Conclusion
In this contribution, CQI/PMI/RI reporting collision with ACK/NACK in the current CSI tests is discussed and the following problematic cases are identified.
· Frequency non-selective scheduling test case

· Rank Indication test case
In order to resolve this issue without 
· significant test configuration changes,

· impact to the already agreed performance requirements, and

· causing further delays to RAN4 progress,

we proposed two ways forward. In summary, the proposals are listed as follows:
Proposal 1: It is proposed to configure uplink grant to allow UE to “piggyback” CQI reports on PUSCH for the frequency non-selective scheduling test.
Proposal 2: It is proposed to configure uplink grant to allow UE to “piggyback” CQI/PMI or RI reports on PUSCH for the rank indication test.
To implement the above proposals, we provide examples of including an additional note to the test parameters table for the frequency non-selective scheduling and RI tests in the annex.
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5
Annex
<< Start of Change >>

Table 9.3.2.1.1-1 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
	6
	7
	12
	13
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	EPA5

	Correlation
	
	High

	Reporting mode
	
	PUCCH 1-0

	Reporting periodicity
	ms
	NP = 2

	CQI delay
	ms
	8

	PUCCH Format (Note 4)
	
	Format 2

	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 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.

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:
Uplink scheduling grant shall be configured to allow CQI reports to be transmitted in PUSCH.



<< Unchanged sections omitted >>
Table 9.5.1.1-1 RI Test (FDD)
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	4

	Downlink power allocation
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	dB
	-3
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	dB
	-3

	Propagation condition and antenna configuration
	
	2 x 2 EPA5

	CodeBookSubsetRestriction bitmap
	
	000011 for fixed RI = 1

010000 for fixed RI = 2

010011 for UE reported RI

	Antenna correlation
	
	Low
	Low
	High

	RI configuration
	
	Fixed RI=2 and follow RI
	Fixed RI=1 and follow RI
	Fixed RI=2 and follow RI

	SNR
	dB
	[0]
	[20]
	[20]
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	dB[mW/15kHz]
	[-98]
	[-98]
	[-98]
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	dB[mW/15kHz]
	[-98]
	[-78]
	[-78]

	Maximum number of HARQ transmissions
	
	[4]

	PUCCH Format (Note 4)
	
	Format 2

	PUCCH Report Type
	
	3

	Reporting periodicity 
	ms
	NP = 5

	PMI and CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	5

	ri-ConfigurationInd
	
	1

	Note 1: In the case of rank 2 transmissoin, if one of the codewords terminates before another codeword, the base station shall not schedule new data for that codeword if the latest RI report is 1.

Note 2: If the UE reports in an available uplink reporting instance at subframe SF#n based on PMI and CQI estimation at a downlink subframe not later than SF#(n-4), this reported PMI and wideband CQI cannot be applied at the eNB downlink before SF#(n+4).
Note 3: Reference measurement channel according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.
Note 4:
Uplink scheduling grant shall be configured to allow RI reports to be transmitted in PUSCH.


<< Unchanged sections omitted >>
Table 9.5.1.2-1 RI Test (TDD)
	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	4

	Downlink power allocation
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	dB
	-3
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	dB
	-3

	Uplink downlink configuration
	
	2

	Special subframe configuration
	
	4

	Propagation condition and antenna configuration
	
	2 x 2 EPA5

	CodeBookSubsetRestriction bitmap
	
	000011 for fixed RI = 1

010000 for fixed RI = 2

010011 for UE reported RI

	Antenna correlation
	
	Low
	Low
	High

	RI configuration
	
	Fixed RI=2 and follow RI
	Fixed RI=1 and follow RI
	Fixed RI=2 and follow RI

	SNR
	dB
	[0]
	[20]
	[20]
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	dB[mW/15kHz]
	[-98]
	[-98]
	[-98]
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	dB[mW/15kHz]
	[-98]
	[-78]
	[-78]

	Maximum number of HARQ transmissions
	
	[4]

	PUCCH Format (Note 4)
	
	Format 2

	PUCCH Report Type
	
	3

	Reporting periodicity 
	ms
	NP = 5

	Minimum PMI and CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	3

	ri-ConfigurationInd
	
	1

	ACK/NACK feedback mode
	
	Multiplexing

	Note 1: In the case of rank 2 transmissoin, if one of the codewords terminates before another codeword, the base station shall not schedule new data for that codeword if the latest RI report is 1.

Note 2: If the UE reports in an available uplink reporting instance at subframe SF#n based on PMI and CQI estimation at a downlink subframe not later than SF#(n-4), this reported PMI and wideband CQI cannot be applied at the eNB downlink before SF#(n+4).
Note 3: Reference measurement channel according to Table A.4-2 with one sided dynamic OCNG Pattern OP.1 TDD as described in Annex A.5.2.1.
Note 4:
Uplink scheduling grant shall be configured to allow RI reports to be transmitted in PUSCH.


<< End of Change >>
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