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1.
Description of the issue

This document is provided as background information for the 36.521-1 CR in R5-133479.
It describes corresponding ambiguity in TS 36.101 and provides additional information (if necessary, the following can be input to RAN4-68, 19-23 August 2013, Barcelona).

TS 36.101 defines in subclause 9.5.1 the minimum requirements for cell specific reference symbols on throughput ratios between UE reported RI transmission and e.g. fixed ranks transmissions.

However, it seems that the assumptions on the eNB behavior when receiving CQI=0 for a particular layer in a fixed rank (2 or 1) case is ambiguous, as can be seen below (note that the UE sending CQI index 0 is a valid report, as for example subclause 7.2.3 in 36.213 indicates that “Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition”).
The following different understandings seem possible from TS 36.101:
Understanding 1. The eNB DTX to the UE (for that TTI if a layer has CQI=0).
The eNodeB data scheduler does not schedule data to the UE in a practical environment where UE reports CQI=0.

Note: Text above for Understanding 1 was clarified following presentation of the previous version of this discussion document.
Understanding 2. The eNB sends only a single layer.

This seems to go against the aims of the test because the intent is to look at the difference between a forced rank=2 transmission and a RI following transmission.
Understanding 3. The eNB sends two layers but sends MCS=0 on the layer(s) for which CQI=0 (i.e. the “nearest” TBS to the reported CQI). One would expect a higher throughput in this RI=2 case compared to the case where Understanding1 is used and thus a lower throughput ratio.
Since understanding 2 seems to go against the aim of the requirement, we are left with understandings 1 or 3.

Simulations below show some large differences on the throughput results between understandings 1 and 3.
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Given the large amounts of differences on throughput impacts, we believe this ought to be clarified in the standards. This is to avoid inconsistency on both Network and UE assumptions in the future, and possible pass/fail issues in the future on the UE side. Note also that the associated test in RAN5-RF in 36.521-1 sublause 9.5.1 is currently open to the same ambiguity. If a RAN4 CR is found necessary, once RAN4 clarifies this the associated test can be clarified in RAN5-RF.
Note that Documents [1], [2], [3] and [4] showed some simulation results of TP Ratio at around 1.1, which seems to highlight that understanding 3 was RAN4’s understanding.
2.
Proposal and way forward
Although TS 36.101 seems open on the UE/eNB assumption on the eNB behavior when it receives CQI index 0 reports for the Rank Indicator procedure with fixed rank, it seems that the references below highlighted that the correct understanding was understanding 3 above (the eNB sends back two layers and sends MCS=0 on the layer for which CQI=0).

Since the assumption could have large impact on data throughput as it has been seen, it is proposed to also clarify this in TS 36.101. A draft proposed CR is available below, following approach 3 for the reason highlighted in the paragraph above. The proposal is a Rel-8 CR as this is the release in which the requirement was added (however, adding this in later versions of the specification with a comment on the CR coversheet indicating that this may be implemented in earlier releases would be another alternative).

Note that we however do not have any strong opinion on approach 1 versus approach 3 (approach 2 seems to defeat the requirement/test purpose), as long as this is clarified in the specifications.
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9.5

Reporting of Rank Indicator (RI)

The purpose of this test is to verify that the reported rank indicator accurately represents the channel rank. The accuracy of RI (CQI) reporting is determined by the relative increase of the throughput obtained when transmitting based on the reported rank compared to the case for which a fixed rank is used for transmission. Transmission mode 4 is used with the specified CodebookSubSetRestriction. 

For fixed rank 1 transmission, the RI and PMI reporting is restricted to two single-layer precoders, For fixed rank 2 transmission, the RI and PMI reporting is restricted to one two-layer precoder, For follow RI transmission, the RI and PMI reporting is restricted to select the union of these precoders. Channels with low and high correlation are used to ensure that RI reporting reflects the channel condition.

9.5.1 Minimum requirement

9.5.1.1
FDD

The minimum performance requirement in Table 9.5.1.1-2 is defined as

a)
The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ ;

b)
The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥ ;

TBS selection is based on the UE wideband CQI feedback. The transport block size TBS for wideband CQI is selected according to Table A.4-3a.
For the parameters specified in Table 9.5.1.1-1, and using the downlink physical channels specified in Annex C.3.2, the minimum requirements are specified in Table 9.5.1.1-2.

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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	-3
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	-3
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	dB
	0

	CodeBookSubsetRestriction bitmap
	
	000011 for fixed RI = 1

010000 for fixed RI = 2

010011 for UE reported RI

	Propagation condition and antenna configuration
	
	2 x 2 EPA5

	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
	
	1

	Reporting mode
	
	PUCCH 1-1 (Note 4)

	Physical channel for CQI/PMI reporting
	
	PUCCH Format 2

	PUCCH Report Type for CQI/PMI
	
	2

	Physical channel for RI reporting
	
	PUSCH (Note 3)

	PUCCH Report Type for RI
	
	3

	Reporting periodicity 
	ms
	NP = 5

	PMI and CQI delay
	ms
	8

	cqi-pmi-ConfigurationIndex
	
	6

	ri-ConfigurationInd
	
	1 (Note 5)

	Note 1:
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 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:
To avoid collisions between RI 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#4 and #9 to allow periodic RI to multiplex with the HARQ-ACK on PUSCH in uplink subframe SF#8 and #3.
Note 4:
The bit field for precoding information in DCI format 2 shall be mapped as:
●
For reported RI = 1 and PMI = 0 >> precoding information bit field index = 1

●
For reported RI = 1 and PMI = 1 >> precoding information bit field index = 2

●
For reported RI = 2 and PMI = 0 >> precoding information bit field index = 0

Note 5:
To avoid the ambiguity of TE behaviour when applying CQI and PMI during rank switching, RI reports are to be applied at the TE with one subframe delay in addition to Note 1 to align with CQI and PMI reports.
Note 6:
For fixed RI=1 or RI=2, the eNB should send data based on that report even if CQI=0 is received, using MCS=0 on the TB(s) where CQI=0 is received.



Table 9.5.1.1-2 Minimum requirement (FDD)

	
	Test 1
	Test 2
	Test 3

	1
	N/A
	1.05
	N/A

	2
	1
	N/A
	1.1

	UE Category
	2-5
	2-5
	2-5


9.5.1.2
TDD

The minimum performance requirement in Table 9.5.1.2-2 is defined as

a) The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 1 shall be ≥ ;

b) The ratio of the throughput obtained when transmitting based on UE reported RI and that obtained when transmitting with fixed rank 2 shall be ≥ ;

TBS selection is based on the UE wideband CQI feedback. The transport block size TBS for wideband CQI is selected according to Table A.4-3a.

For the parameters specified in Table 9.5.1.2-1, and using the downlink physical channels specified in Annex C.3.2, the minimum requirements are specified in Table 9.5.1.2-2.

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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	-3
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	dB
	0

	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

	
[image: image9.wmf])

(

ˆ

j

or

I


	dB[mW/15kHz]
	-98
	-78
	-78

	Maximum number of HARQ transmissions
	
	1

	Reporting mode
	
	PUSCH 3-1 (Note 3)

	Reporting interval 
	ms
	5

	PMI and CQI delay
	ms
	10 or 11

	ACK/NACK feedback mode
	
	Bundling

	Note 1: 
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 2: 
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 3: 
Reported wideband CQI and PMI are used and sub-band CQI is discarded.
Note 4:
For fixed RI=1 or RI=2, the eNB should send data based on that report even if CQI=0 is received, using MCS=0 on the TB(s) where CQI=0 is received.


Table 9.5.1.2-2 Minimum requirement (TDD)

	
	Test 1
	Test 2
	Test 3

	1
	N/A
	1.05
	N/A

	2
	1
	N/A
	1.1

	UE Category
	2-5
	2-5
	2-5
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