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1
Introduction
In the RI FDD test [1], feedback timing offset between RI and CQI/PMI reports is specified as ri-ConfigurationInd = 1. This translates to RI reports are always sent and received at the BS 1ms earlier than the CQI/PMI reports. At DL subframes where rank switching occurs (from R2 ( R1 and R1 ( R2), there is an ambiguity in the current test setup as to what would be the expected scheduling and precoding behaviour at the BS (test equipment) for these subframes, as the last reported CQI and PMI correspond to a different transmission rank.
There are two possible scheduling and precoding behaviours can happen at the BS/TE during the transmission rank switching. In this contribution, we provide further explanation of this ambiguity in CQI and PMI, details of the two different behaviours, and our recommendation of choice.
2
Discussion
2.1
Problem description
In Fig. 1, an example of illustrating the problem raised in the Introduction section is depicted.
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Figure 1: Example illustration of unclear MCS and precoding information during rank switching.
According to the current RI FDD test setup (cqi-pmi-ConfigurationIndex=6, ri-ConfigurationInd=1, reporting periodicity=5ms), UE calculated CQI/PMI are reported in UL subframe #9 and #4, RIs are multiplexed with HARQ-ACK and reported one subframe earlier in UL subframe #8 and #3 as also described in Note 3. Based on the rule of not applying received CSI reports before SF#(n+4), this corresponds to rank switching can happen for DL subframes # 2 and #7, but its corresponding CQI/PMI reports cannot be applied until SF#3 and #8.
To this end, it is unclear what should be the MCS and precoding information to use for DL SF#2 and #7 when there is a rank switching.
2.2
Possible scheduling and precoding behaviours
Two possible scheduling and precoding behaviours can happen at the BS/TE during rank switching at DL SF#2 and #7.
Option 1: Apply the most recently used MCS and precoding information
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Figure 2: Option 1 of applying the most recently used MCS and precoding information.
One obvious solution/behaviour that can be used to resolve this issue during the rank switching is to continue applying the most recently used MCS and precoding information as shown in Fig. 2.
Pros

· 5ms periodicity of applying CSI reports and 8ms delay of CSI measurement/reporting are retained. 

Cons

· The most recently used CQI and PMI were calculated based on previously reported rank and they may not be ideal for a different rank.
Option 2: Delay rank switching by one subframe
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Figure 3: Option 2 of delaying rank switching by one subframe.
An alternative solution would be to delay the rank switching by one subframe so that all applied RI/CQI/PMI at the BS/TE are aligned as shown in Fig. 3. 
Pros

· All applied RI/CQI/PMI are time aligned at the BS/TE.
Cons

· Extra one subframe delay (9ms) of CSI measurement/reporting would occur for RI switching.
Discussion:
During the test setup discussion towards the late stage of Rel-8 specification timeframe, it was agreed to use CSI reporting mode PUCCH 1-1 for the RI test to maximise the overall test coverage of different reporting modes in [1]. Subsequently, simulation results were submitted and performance requirements were defined assuming no misalignment of RI and CQI/PMI reports. That is, 8ms of reporting delay for all CSI reports and 5ms of reporting periodicity. In a later stage, feedback collision between HARQ-ACK and CSI reports was found to be an issue in many CSI tests (including both the RI FDD and TDD tests) and consequently, it was agreed to introduce one subframe offset between RI and CQI/PMI reports for the RI FDD tests. However, no additional simulations are carried out to verify the impact of the changes.
From the Pros and Cons identified in these two options, it seems at this stage that Option 2 would have a smaller impact on follow-RI throughput performance than Option 1. This of course can be verified by simulations. Two way forward are envisioned.
Way Forward 1: Agree on Option 2 and add a clarification note in the test setup test as follows.
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

	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

	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 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:
To avoid the ambiguity of BS behaviour when applying CQI and PMI during rank switching, RI reports are to be applied at the BS with one subframe delay in addition to Note 1 to align with CQI and PMI reports.


Way Forward 2: Interested companies to provide simulation results (showing throughput ratio losses compared to the original test setup of aligned RI/CQI/PMI reporting and 8ms delay) for both Option 1 and Option 2. Decision will be made at RAN4#60bis based on the option that gives a smaller performance loss.
3
Conclusions

In this contribution, we have identified an ambiguity in BS behaviour when applying CQI and PMI during rank switching in the current RI FDD test setup and described two potential solutions. In moving forward to resolve this problem, two different way forward are envisioned.
Way Forward 1: Agree on Option 2 and add a clarification note in the test setup test as shown in Section 2.
Way Forward 2: Interested companies to provide simulation results (showing throughput ratio losses compared to the original test setup of aligned RI/CQI/PMI reporting and 8ms delay) for both Option 1 and Option 2. Decision will be made at RAN4#60bis based on the option that gives a smaller performance loss.
Although we have a slight preference of going forward with Way Forward 1 and resolve this issue within this meeting as Option 2 intuitively should have a smaller performance impact, Way Forward 2 is also acceptable if majorities prefer to further evaluate these options.
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