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1 Introduction

In RAN4 meeting #69, a WF [1] on eDL-MIMO performance requirement has been agreed as following:

· PMI reporting test coverage for periodic PUCCH reporting mode(s) will be defined using the Release 12 4Tx codebook. Down-selection of the PUCCH test coverage among PUCCH 1-1 submode 1 and 2, and PUCCH 2-1 is FFS in RAN4#70.

· Aperiodic PUSCH 3-2 reporting mode test using the legacy codebook and/or the Release 12 4Tx codebook will be defined.

· For test methodology of R12 4 TX codebook, FRC test, CQI test and PMI test will be FFS.

In this contribution, we will mainly discuss the test cases for PUSCH 3-2. Firstly, several aspects of PUSCH 3-2 feedback are discussed, such as test purpose/propagation channel/candidate codebook/test metric, and then link level simulation is captured to evaluate the performance of different tests requirements, finally the proposed test cases are provided.
2 Discussion
Test purpose

In the last meeting, several contributions [2][3] had discussed the test purpose of PUSCH 3-2 feedback, which shared the views that: 

· Test cases for PUSCH 3-2 should verify the performance of  subband CQI together with subband PMI
· Test cases for PUSCH 3-2 should show the performance gain of PUSCH 3-2 over PUSCH 3-1 and PUSCH 1-2 to avoid UE cheating
Considering these, we propose that: 

Proposal 1:

The test purpose of PUSCH 3-2 feedback should be verifying SB CQI and SB PMI, and showing performance ratio over PUSCH 3-1 and/or PUSCH 1-2.

Propagation channel

As PUSCH 3-2 need measurement and reporting of subband PMI, for the sake of distinguishing the different performances between PUSCH 3-2 and PUSCH 3-1, a frequency-selected antenna correlation channel is needed. Currently, there are two options, option 1 is reusing 2-tap channel defined in B2.4 TS36.101 with different multi-path delay for different links from each TX antenna to UE; option 2 is using fading channel with low/median antenna correlation, such as EVA channel. 

Regarding the option 1, the different multi-path delay between TX antenna pairs is seldom existed in realistic scenarios, for example, the CRS ports are always assuming QCL in current specification and UE implement. The different multi-path delay between TX antennas may lead impacts on PDP estimation, time synchronization and channel estimation. So considering that, we propose: 

Proposal 2:

Apply the fading channel defined in B2.1 TS36.101 for PUSCH 3-2 test, such as EVA low
Candidate Codebook
As the two features of R.12 eDL-MIMO WI could be implemented separately, only if these two features are treated as mandatory and required to be implemented simultaneously, we could combine the tests of PUSCH 3-2 and new 4TX codebook together, otherwise it’s not appropriate to combine these together. As the capability of R.12 UE has not been decided yet, so we propose that:
Proposal 3:

At least introduce a test case based on legacy codebook for PUSCH 3-2 feedback test, and keep FFS for R.12 4TX codebook
Test metric
In the last meeting, contribution [2]~[4] provided several test metric for PUSCH 3-2 feedback, summarized as follow:

· Type 1: verify the performance gain of followed SB PMI and SB CQI over random PMI and CQI based on PUSCH 3-2 feedback

· Type 2: verify the performance gain of PUSCH 3-2 over other CSI feedback modes, such as PUSCH 1-2 and PUSCH 3-1

The type-1 test looks like a combination of a CQI and a PMI  tests, while may be not sufficient enough to identify the performance of PUSCH 3-2 from other CSI feedback mode; The type-2 test could ensure the sufficient performance gain of PUSCH 3-2 over other CSI feedback mode,  but it seems quite different from existing CSI test. In the section 3, link level evaluation results will be captured to verify these two kinds of test metric.
Observation 1:

There are two candidates of test metric for PUSCH 3-2 feedback
· Type 1: verify the performance ratio of followed SB PMI and SB CQI over random PMI and CQI based on PUSCH 3-2 feedback

· Type 2: verify the performance ratio of PUSCH 3-2 over other CSI feedback modes, such as PUSCH 1-2 and PUSCH 3-1

3 Evaluation results
In this section, we will use the link level simulation to identify which tests metric are suitable for PUSCH 3-2 feedback. The following assumptions are used based on our analysis:

· 2x2/4x2 low and EVA5

· Different CSI feedback mode: PUSCH 1-2, PUSCH 3-1, PUSCH 3-2

· Resource allocation scheme: random subband, best subband

· Precoding scheme: followed subband/wideband PMI (if available), random PMI
· MCS scheme: followed subband/wideband CQI (if available)
The detailed simulation assumptions are provided in table 1.
Table 1 simulation assumptions of PUSCH 3-2 feedback
	Parameter
	Values

	Antenna configuration
	· 2x2 low
· 4x2 low

	Propagation channel
	EVA5

	CSI feedback mode
	· PUSCH 1-2
· PUSCH 3-1

· PUSCH 3-2

	Granularity of scheduled resource 
	One subband (6PB)

	Resource allocation
	· Random subband: randomly selected within candidated subbands
· best subband: the subband with best CQI feedback

	MCS
	Adapted MCS, followed subband-CQI or wideband-CQI

	Precoding matrix
	· Random PMI
· followed wideband-PMI or subband-PMI

	Transmission mode
	TM6

	Rank
	Rank 1


The performances of throughput are given in Figures 1:
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Figure 1 throughput performance of different CSI feedback with different TX antenna
Considering the type-1 test metric, we provide several different performance ratios, shown in Figures 2.
· ratio-1 =  (best subband, SB CQI, SB PMI)/(random subband, wideband CQI, random PMI)

· ratio-2 = (random subband, SB CQI, SB PMI)/(random subband, wideband CQI, random PMI)
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Figure 2 throughput ratios of followed CQI and followed PMI over random PMI and WB CQI with different TX antenna
It could be observed from the results that: 

· The PUSCH 1-2/3-1/3-2 could also achieve significant throughput ratio of followed CQI and followed PMI over wideband CQI and random PMI.
· The throughput of PUSCH 3-2 could outperform the one of PUSCH 3-1 and PUSCH 1-2, but the differences are not significant enough to distinguish the PUSCH 3-2 from others.
So, we get the following observation:

Observation 2:

The performance ratio of followed SB PMI and SB CQI over random PMI and CQI isn’t suitable for PUSCH 3-2 test. 

Considering the type-2 test metric, we also provide performance ratio of PUSCH 3-2 over PUSCH 3-1 and PUSCH 1-2 with followed SB CQI and SB PMI, shown in Figure 3:

· ratio (PUSCH1-2 or PUSCH 3-1) = (random subband, SB CQI, SB PMI)/(random subband, WB CQI, SB PMI)
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Figure 3 throughput ratio of PUSCH 3-2 over PUSCH 3-1 and PUSCH 1-2 with different TX antenna
Based on the above results, it can be reached that within SNR range [2 dB 14dB]: 

· For 2TX antenna cases, PUSCH 3-2 could achieve 0.05~0.15  (around 0.9) performance gain over PUSCH 3-1 and PUSCH 2-1
· For 4X antenna cases, the performance gain of PUSCH 3-2 over PUSCH 3-1 is about 0.1~0.2 (around 0.15), and the gain of PUSCH 3-2 over PUSCH 1-2 is around 0.05.
Based on above observations, the performance gain of PUSCH 3-2 over legacy PUSCH feedback mode is present. So it seems possible to capture the performance ratio of PUSCH 3-2 over PUSCH 3-1 for PUSCH 3-2 tests. The only remaining issues is need verifying whether t he performance gain are significant enough considering the implement margin.

As we know, besides the throughput, the statistics of different PMI and CQI reported in each subframe could be treated as another feature to distinguish PUDSCH 3-2 and PUSCH 1-2 and 3-1. This could be helpful to avoid UE cheating.

So, generally, we have several candidate tests for PUSCH 3-2, as follow:
Option-1: with 2TX antenna, define the performance ratio of PUSCH 3-2 over PUSCH 3-1 or/and PUSCH 1-2:
· If we verify the performance gain of PUSCH 3-2 over 3-1 and 1-2 is significant enough

Option-2: with 4TX antenna, define the performance ratio of PUSCH 3-2 over PUSCH 3-1, and the statistics of the distribution for different subband CQI:
· As the performance gain of PUSCH 3-2 over PUSCH 3-1 is significant enough, and the statistics of the distribution for subband CQI could help preclude the PUSCH 1-2 masked feedback mode.
So, based on above analysis, we propose that: 
Proposal 4: 

Define the performance ratio of PUSCH 3-2 over PUSCH 3-1 or/and PUSCH 1-2 with random subband scheduling with followed SB CQI and SB PMI as the test metric for PUSCH 3-2 test. 

4 Conclusion
In this paper, we discuss the test cases of PUSCH 3-2 for R.12 eDL-MIMO WI, also the simulation results are provided to verify the test metric. The proposals are summarized as following:

Proposal 1:

The test purpose of PUSCH 3-2 feedback should be verifying SB CQI and SB PMI, and showing performance ratio over PUSCH 3-1 and/or PUSCH 1-2.

Proposal 2:

Apply the fading channel defined in B2.1 in TS36.101 for PUSCH 3-2 test, such as EVA low.
Proposal 3:

At least introduce a test case based on legacy codebook for PUSCH 3-2 feedback test, and keep FFS for R.12 4TX codebook.
Proposal 4: 

Define the performance ratio of PUSCH 3-2 over PUSCH 3-1 or/and PUSCH 1-2 with random subband scheduling with followed SB CQI and SB PMI as the test metric for PUSCH 3-2 test. 
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6 Appendix

6.1 PUSCH 3-2 test – option 1
--------------------------------------------------- Start of insert ---------------------------------------------------

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

a)
The ratio of the throughput obtained when transmitting based on UE PUSCH3-2 reported subband CQI and subband PMI  and that obtained when transmitting based on UE PUSCH 1-2 reported wideband CQI and subband PMI  shall be ≥ ;

b)
The ratio of the throughput obtained when transmitting based on UE PUSCH3-2 reported subband CQI and subband PMI  and that obtained when transmitting based on UE PUSCH 3-1 reported subband CQI and wideband PMI  shall be ≥ ;

TBS selection is based on the UE wideband CQI feedback with PUSCH 1-2 feedback and UE subband CQI feedback with PUSCH 3-1 or 3-2 feedback. For the parameters specified in Table xx-1, and using the downlink physical channels specified in Annex C.3.2, the minimum requirements are specified in Table xx-2.

Table xx-1 Sub-band test for FDD

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	PDSCH resource allocation
	RB
	6PRB, randomly selected within a subband

	Transmission mode
	
	6

	Downlink power allocation
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	dB[mW/15kHz]
	[-98]
	[-98]

	Propagation channel
	
	[EVA5]

	Antenna configuration
	
	[2x2]

	Beamforming Model
	
	Based on CSI feedback

	CRS reference signals
	
	Antenna ports 0,1

	CodeBookSubsetRestriction bitmap
	
	000011

	Reporting interval (Note 4)
	ms
	5

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-2
PUSCH 3-1

PUSCH 1-2

	Sub-band size
	RB
	6 (full size)

	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 subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-4a 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:
PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#1 and #6 to allow aperiodic CQI/PMI/RI to be transmitted in uplink SF#0 and #5.


Table xx-2 Minimum requirement (FDD)
	
	Test 1
	Test 2

	
	1.0x
	1.0x

	
	1.0x
	1.0x

	UE Category
	1-8
	1-8


--------------------------------------------------- end of insert ---------------------------------------------------

6.2 PUSCH 3-2 test – option 2
--------------------------------------------------- Start of insert ---------------------------------------------------

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

a)
a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band;

b)
The ratio of the throughput obtained when transmitting based on UE PUSCH3-2 reported subband CQI and subband PMI  and that obtained when transmitting based on UE PUSCH 3-1 reported subband CQI and wideband PMI  shall be ≥ ;

TBS selection is based on the UE wideband CQI feedback with PUSCH 1-2 feedback and UE subband CQI feedback with PUSCH 3-1 or 3-2 feedback. For the parameters specified in Table xx-1, and using the downlink physical channels specified in Annex C.3.2, the minimum requirements are specified in Table xx-2.

Table xx-1 Sub-band test for FDD

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	PDSCH resource allocation
	RB
	6PRB, randomly selected within a subband

	Transmission mode
	
	6

	Downlink power allocation
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	dB[mW/15kHz]
	[-98]
	[-98]

	Propagation channel
	
	[EVA5]

	Antenna configuration
	
	[4x2]

	Beamforming Model
	
	Based on CSI feedback

	CRS reference signals
	
	Antenna ports 0,1, 2, 3

	CodeBookSubsetRestriction bitmap
	
	FFS

	Reporting interval (Note 4)
	ms
	5

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-2

PUSCH 3-1

	Sub-band size
	RB
	6 (full size)

	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 subframe not later than SF#(n-4), this reported subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel according to Table A.4-4a 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:
PDCCH DCI format 0 with a trigger for aperiodic CQI shall be transmitted in downlink SF#1 and #6 to allow aperiodic CQI/PMI/RI to be transmitted in uplink SF#0 and #5.


Table xx-2 Minimum requirement (FDD)
	
	Test 1
	Test 2

	 [%]
	TBD
	TBD

	 [%]
	TBD
	TBD

	 
	1.0x
	1.0x

	UE Category
	1-8
	1-8


--------------------------------------------------- end of insert ---------------------------------------------------
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