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Introduction
Performance requirements for eDL-MIMO work item in Rel-12 were widely discussed in recently RAN4 meeting. Regarding PMI test cases, such options were suggested in last meeting for further study:
· Single PMI Test
a. TBD on the following options discussed:

i. PUCCH 1-1 submode 1, rank 1

ii. PUCCH 1-1 submode 2, rank 1

iii. PUCCH 2-1 with rank 2

b. Test Metric : Existing test method and metric
· Multiple PMI Test

a. PUSCH 1-2, TM9, Rank 1 and/or 2 to be down selected with simulation results.  

b. Test Metric:  Existing test method and metric

c. TBD : 
i. PUSCH 3-2, TM9, Rank 1
· FRC Test (with PUSCH 1-2)

a. Note: Investigate FRC test for Rel-12 4 Tx codebook by modifying or duplicating TM9 single layer PDSCH demodulation test.
In this contribution, we provide initial simulation results and analysis for single PMI test case design.
2 Analysis 
2.1 Overview
Regarding feedback reporting mode for single PMI test, 3 options were introduced in last meeting for further study. For PUCCH 1-1 submde 1,2 and PUCCH 2-1, some new jointing coding scheme with down selection first PMI index i1,second PMI index i2 and RI were introduced in RAN1 as summarized below:
· PUCCH Mode 1-1 Submode 1 
	Value of joint encoding of RI and the first PMI IRI/PMI1
	RI
	Codebook index i1

	0-7
	1
	{0,1,2,3,4,5,6,7}

	8-15
	2
	{0,1,2,3,4,5,6,7}

	16 
	3
	0 (identity matrix) 

	17 
	4
	0 (identity matrix) 


· PUCCH Mode 1-1 Submode 2
	RI 
	PMI for W1 
	PMI for W2 

	1 
	{0,4,8,12} 
	{0,2,8,10} 

	2 
	{0,4,8,12} 
	{0,1,4,5} 

	3
	0 (W1 is identity matrix) 
	0~15

	4
	0 (W1 is identity matrix) 
	0~15


· PUCCH Mode 2-1 
	RI 
	PMI for W2

	1 
	0~15

	2 
	{0,1,4,5}

	3
	{0,2,8,10}

	4
	{0,2,8,10}


First PMI/Second PMI collision and mismatch 
For PUCCH 1-1 submode 1, RI and first PMI index i1 are jointly encoding and have different reporting periodicity and sub-frame offset with second PMI index i2. With improper configuration, reporting PMI mismatch and collision between RI, i1 and i2 may happen. In case RI/first PMI collision with wideband CQI/second PMI in same sub-frames, UE will drop wideband CQI/second PMI report.
As in legacy CQI test with PUCCH 1-1 submode 1, RI/first PMI reporting interval has configured as largest values to resolve the collision problem for RI/i1 and i2 collision problem since RI and PMI are configured as fixed value in this CQI test i.e. as described in note 4 of “Table 9.2.3.2-1: PUCCH 1-1 submode 1 static test (TDD)” in Ts 36.101.
Note 4:
RI reporting interval is set to the maximum allowable length of 160ms to minimise collisions between RI, CQI/PMI and HARQ-ACK reports. In the case when all three reports collide, it is expected that CQI/PMI reports will be dropped, while RI and HARQ-ACK will be multiplexed. At eNB, CQI report collection shall be skipped every 160ms during performance verification.
However, in this new PMI test, both first PMI (i1) and second PMI (i2) reporting interval need to be configured with a short reporting interval to verify reporting PMI accuracy. In order to resolve the collision problem different sub-frame offset for i1 and i2 reporting need to be configured. 
With different reporting sub-frame offset, upcoming problem is i1 and i2 will mismatch in several sub-frames. As show in figure 1 case2, during RI/i1 reporting interval, CQI/i2 will be reported considering RI/i1 is fixed as the lasted reported values. Assuming RI/i1(n) reported in subframe #n and corresponding CQI/i2 will be reported in SF#(n+offset), during DL SF#(n+4) ~SF#(n+offset+4), i2 corresponding to i1(n) cannot be used due to processing delay (4ms), then mismatched i1 and i2 will be used in DL sub-frames. In order to resolve i1 and i2 mismatch in sub-frames, we need to discard the mismatching sub-frames for scheduling PDSCH transmission.
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Figure1: Reporting diagram for PUCCH 1-1 submode 1
Based on such analysis, in order to avoid first PMI/Second PMI collision and mismatch problems for PUCCH 1-1sub-mode 1, such test configurations can be used for FDD:
· cqi-pmi-ConfigurationIndex as 4, 
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· ri-ConfigIndex as 162, 
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With such proposed configuration, CQI/i2 will be reported in SF#2, SF#7 with 5ms reporting interval and RI/i1 will be reported in SF#1 with 10ms reporting interval. I1 and i2 mismatch will be happed in SF#5 with 10ms periodicity. Similar as legacy test, scheduling PDSCH transmission will skip SF#5 to avoid first PMI and second PMI mismatch problem.
For TDD current DL-UL configured as 1, in per TTI only one UL sub-frame, then in order to avoid RI/i1and i2 collision problem, such test configurations can be used for TDD:
· DL-UL configuration: 1(DSUUD)
· cqi-pmi-ConfigurationIndex as 4, 
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With such proposal configuration, CQI/i2 will be reported in SF#3, SF#8 with 5ms reporting interval and RI/i1 will be reported in SF#2 with 10ms reporting interval. I1 and i2 mismatch will be happed in SF#7 with 10ms periodicity. Since SF#7 is UL frame, DL PDSCH will only scheduled in SF#4 and SF#9.
For PUCCH mode2-1, reporting interval for RI/PTI, PMI index and CQI was show in figure 2 below. PTI was proposed to fix as 0 during test to verify wideband PMI accuracy. Since RI/PTI, i1 and CQI/i2 have different reporting periodicity, similar RI, PMI collision and PMI i1/i2mismatch problems as PUCCH 1-1 submode1 exist. As show in figure 2 below, in SF#n UE report wideband i1 with reporting interval H’*Npd, then in constitute reporting interval, corresponding wideband i2 will be reported with Npd interval. In consistent DL SF#(n+4)~SF#(n+Npd+4), first PMI index i1 and second PMI index i2 will be mismatch. This PMI mismatch will be last Npd DL-frames with H’*Npd interval.
In order to resolve collision problem, 2 options can be applied:
· Option 1: RI reporting interval is set to the maximum allowable length of 160ms to minimize collisions between RI, i1, i2. In case of collision happen, using latest available reported PMI i1, and i2 in previous reported sub-frames until valid new i1, i2 is reported.
· Option2: Separate RI, i1/i2 in different sub-frames by configured cqi-pmi-ConfigurationIndex and ri-ConfigIndex
For this case, we prefer option2 since RI collision with i1 will effect the whole H’*Npd reporting circle for PMI i1 and i2.
In order to resolve PMI i1/i2 mismatch, 2 options can be applied:
· Option 1: Similar as previous method, skip to schedule DL sub-frames in the mismatch sub-frames with Npd sub-frames per H’*Npd ms circle
· Option2:  Using previous reported i1, i2 in mismatch DL Sub-frames, until updated i2 after updated i1 available. With such note:
· Note: In the case where wideband i1 is reported in SF#n, data is to be scheduled according to the most recently used i1 and i2 in DL SF#(n+4)~SF#(n+Npd+3) until updated i2 is available.
We prefer option2 since option 1 which drop scheduled sub-frames at short intervals will consume more test time. Furthermore, both i1 and i2 should report in short interval to verify reported PMI accuracy, and H’ = [8] with 40ms reporting interval for i1 can be a candidate value for H’.
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Figure 2 Reporting diagram for PUCCH mode2-1
For PUCCH 1-1 submode 2, since first PMI and second PMI are jointly encoding and reporting, legacy test configuration can be reused, the collision problem can be easily resolved by configured maximum RI reporting interval. With additional note as TS36.101:
Note5:  RI reporting interval is set to the maximum allowable length of 160ms to minimise collisions between RI, CQI/PMI and HARQ-ACK reports. In the case when all three reports collide, it is expected that CQI/PMI reports will be dropped, while RI and HARQ-ACK will be multiplexed. At eNB, CQI/PMI report collection shall be skipped every 160ms during performance verification and the reported CQI/PMI in subframe SF#7 of the previous frame is applied in downlink subframes until a new CQI (after CQI/PMI dropping) is available.
The other way is to schedule RI and CQI/PMI in separate sub-frames as mentioned above. The backward with this alternative method, is reduced available DL sub-frames for TDD test, which will increase test time.
Based on above analysis, we have such observations:
Observation 1: For PUCCH 1-1 submode 1and PUCCH mode 2-1, with improper test configuration, RI,first PMI/second PMI collision and mismatch will happen since RI, i1 and i2 have different reporting periodicity and sub-frame offset.
Observation 2: For PUCCH 1-1 sub mode 2, legacy test configuration can be reused to remove the effect of RI and i1/i2 collision problem and no PMI i1/i2 mismatch issue identified.
In order to resolve the PMI mismatch and collision problems, such proposals were given for different reporting mode:

Proposal 1: Configure different sub-frame offset for i1 and i2 reporting and skip scheduling PDSCH transmission in corresponding i1/i2 mismatched DL sub-frames for PUCCH 1-1 mode 1 to avoid i1/i2 reporting collision and mismatching problem. i.e.:
· For FDD：
· cqi-pmi-ConfigurationIndex as 4, 
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· ri-ConfigIndex as 162, 
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· Skip shedulded PDSCH in subfrmae #5
· For TDD：
· DL-UL configuration: 1(DSUUD)
· cqi-pmi-ConfigurationIndex as 4, 
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· ri-ConfigIndex as 162, 
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· Proposal2: Configure different sub-frame offset for RI and i1/ i2 reporting and using previous reported i1, i2 in mismatch DL Sub-frames to avoid RI/i1 collision and i1/i2 mismatch problem for PUCCH 2-1. i.e:
· For FDD：
· cqi-pmi-ConfigurationIndex as 2, 
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· ri-ConfigIndex as 806, 
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· H’= [8], with 40ms interval for i1
· For TDD：
· DL-UL configuration: 1(DSUUD)
· cqi-pmi-ConfigurationIndex as 4, 
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· ri-ConfigIndex as 806, 
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· H’= [8], with 40ms interval for i1
Proposal3: Reusing legacy test methodology to configured maximum RI reporting interval with additional note as TS36.101 to resolve RI and i1/i2 reporting collision problem:
Note:  RI reporting interval is set to the maximum allowable length of 160ms to minimise collisions between RI, CQI/PMI and HARQ-ACK reports. In the case when all three reports collide, it is expected that CQI/PMI reports will be dropped, while RI and HARQ-ACK will be multiplexed. At eNB, CQI/PMI report collection shall be skipped every 160ms during performance verification and the reported CQI/PMI in subframe SF#7 of the previous frame is applied in downlink subframes until a new CQI (after CQI/PMI dropping) is available.
2.2 CSI test cases design
2.2.1 Simulation results
In last chapter, general analysis for PUCCH submode 1, submode 2 and PUCCH 2-1 were given. Based on proposed test setup to avoid RI/i1 and i2 collision and mismatch problem, simulation results for different reporting mode were given in this chapter. Regarding PMI selection method, such options were evaluated:
· Option1: Following PMI
· Option2: Random PMI with restriction following codebook sub-sampling corresponding to relevant PUCCH feedback mode
Both XP high and ULA low MIMO channel correlation with EPA5Hz were evaluated, and for XP high channel, main beam direction was fixed in our simulation as no beam steering conducted. MCS 4 and MCS12 were considered in our simulation. For detailed simulation assumption is given in the annex.
PUCCH 1-1 sub-mode 1
For PUCCH 1-1 submode1, figure 3 and figure 5 show absolute throughput curves vs. SNR with MCS4(QPSK) and MCS12(16QAM) rank1 transmission separately. Performance without codebook sub-sampling for PUSCH 3-1 was also supplied as reference. In figure 4 and figure 6, throughput gains with following PMI compared to random PMI were given.
[image: image27.png]Throughput [bits/s]

4000000

—+— Random(XP_High)

—=— Follow PMI__PUCCH1-1 Submode1(XP_ High)
3500000 | === Follow PMI_PUSCH3-1 (XP | igh)

—— Random(ULA_Low)

—+— Follow PMI__PUCCH1-1
3000000 | —*—Follow PMI_PUSC}
2500000 /
2000000 //
1500000
1000000

7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0 1.0 20

SNR[dB]





Figure 3: Throughput Vs SNR with MCS4 Rank1 and PUCCH 1-1 submode 1
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Figure 4: Throughput ratio Vs SNR with MCS4 Rank1 and PUCCH 1-1 submode 1 
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Figure 5: Throughput Vs SNR with MCS12 Rank1 and PUCCH 1-1 submode 1 
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Figure 6: Throughput ratio Vs SNR with MCS12 Rank1 and PUCCH 1-1 submode 1 
PUCCH 1-1 sub-mode 2
For PUCCH 1-1 submode2, figure 7 and figure 9 show absolute throughput curves vs. SNR with MCS4 and MCS12 rank1 transmission separately. Performance without codebook sub-sampling for PUSCH 3-1 was also supplied as reference.In figure 8 and figure 10, throughput gains with following PMI compared to random PMI were given.
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Figure 7: Throughput Vs SNR with MCS4 Rank1 and PUCCH 1-1 submode 2 
[image: image32.png]2.20

2.00

TP Ratio
-
o
S

1.60

1.40

1.20

“—+—TPratio(XP_HIGH_PUCCHI-1 submode2]
== TPratio(XP_HIGH_PUSCH3-1)
N e TPratiolULA_Laky_PUCCHLL submade2)
N TPratio{ULA_Low_PUSCH3-1}
N— Iy
T~
~a
i —
-7.0 -6.0 -5.0 -4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0

SNR[dB]





Figure 8: Throughput ratio Vs SNR with MCS4 Rank1 and PUCCH 1-1 submode 2 
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Figure 9: Throughput Vs SNR with MCS12 Rank1 and PUCCH 1-1 submode 2 
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Figure 10: Throughput ratio Vs SNR with MCS12 Rank1 and PUCCH 1-1 submode 2 
PUCCH 2-1
For PUCCH 2-1, figure 11 and figure 13 show absolute throughput curves vs. SNR with MCS4 and MCS12 rank2 transmission separately. In figure 12 and figure 14, throughput gains with following PMI compared to random PMI were given. During simulation, H’ configured as 8, which means i1 reported per 40ms interval.
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Figure 11: Throughput Vs SNR with MCS4 Rank2 and PUCCH 2-1
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Figure 12: Throughput Ratio Vs SNR with MCS4 Rank2 and PUCCH 2-1
[image: image37.png]Throughput [bits/s]

20000000
18000000

16000000

14000000
12000000

10000000

8000000
6000000
4000000
2000000

= Random PMI(XP_High)

- Follow PMI_PUCCH2-1(XP_High)

Random PHUL

= Follow PMI_PUCCH 3-1(XP_High)

HHH

L Follow PMI_PUCCH 2-1(ULA_Low)

0

Follow PMI_PUCCH3-1{YLA_to

1.0

20

3.0

4.0

5.0 6.0
SNR[dB]

7.0 8.0 9.0 100

11.0

12.0





Figure 13: Throughput Vs SNR with MCS12 Rank2 and PUCCH 2-1
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Figure 14: Throughput Ratio Vs SNR with MCS12 Rank2 and PUCCH 2-1
2.2.2 Observations
Simulation results for different CSI feedback mode were given in last chapter. Based on the simulation results, reference SNR point and throughput ratio at reference SNR point based on legacy test metric, were summarized in table 1 and table 2 for PUCCH 1-1 and PUCCH 2-1 mode:
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Table 1: Reference SNR point and TP ratio for PUCCH 1-1
	CSI Feedback mode
	ULA-Low
	XP-High

	
	SNR at 60% TP with random PMI
	TP ratio
	SNR at 70% TP with following PMI
	TP ratio

	MCS4 Rank1

	PUCCH 1-1 submode 1
	-3.1 dB
	1.4
	-5.9 dB
	2.3

	PUCCH 1-1 submode 2
	-3.1 dB
	1.4
	-5.7 dB
	2.2

	PUSCH mode 3-1 
	-3.1 dB
	1.4
	-5.8 dB
	2.3

	MCS12 Rank1

	PUCCH 1-1 submode 1
	3.1 dB
	1.4
	-0.5 dB
	2.3

	PUCCH 1-1 submode 2
	3.1 dB
	1.4
	0.0 dB
	2.1

	PUSCH mode 3-1 
	3.1 dB
	1.5
	-0.6 dB
	2.4


Table 2: Reference SNR point and TP ratio for PUCCH 2-1
	CSI Feedback mode
	ULA-Low
	XP-High

	
	SNR at 60% TP with random PMI
	TP ratio
	SNR at 70% TP with following PMI
	TP ratio

	MCS4 Rank2

	PUCCH 2-1
	0.7 dB
	1.1
	-1.4 dB
	2.0

	PUSCH mode 3-1 
	0.7 dB
	1.1
	-1.4 dB
	2.0

	MCS12 Rank2

	PUCCH 2-1
	9.1 dB
	1.1
	7.1 dB
	1.5

	PUSCH mode 3-1 
	8.8 dB
	1.2
	6.7 dB
	1.6


Based on above summary, we have such observations:
Observation 3: For random precoding, no obvious performance difference between different CSI feeback modes with or without codebook sub-sampling.
Observation 4: For PUCCH 1-1 mode test, both sub-mode1 and sub-mode 2 has large performance gap to verify UE reporting PMI accuracy. With ULA low channel, throughput ratio at reference SNR point is around 1.4 ~1.5 for both MCS4 and MCS12 cases, for XP high channel, throughput ratio at reference SNR point is around 2.1~2.3.
Observation 5: Throughput performance with following PMI for PUCSH 3-1 is better than PUCCH 1-1 mode and PUCCH submode 1 is better than submode 2 due to codebook sub-sampling for PUCCH feedback mode. 
Observation 6: For PUCCH 2-1 rank2 test, with ULA low channel, throughput gain with following PMI compared random PMI is marginal in some SNR range (around 1.1). With XP high channel, throughput ratio at reference SNR point is around 2.0 and for MCS4 case and 1.5 for MCS12 case.
Observation 7: It’s feasible to reuse legacy test metric to verify PMI reporting accuracy. 
2.2.3 Test case design
Regarding down selection of options for single PMI test, PUCCH 1-1 sub mode 2 can be selected as first priority since for PUCCH 1-1 submode 2, no PMI i1/i2 mismatch problem and legacy test configurations can be reused for this test case which simplify test straightforward. Furthermore, it’s feasible to verify reporting PMI accuracy which can guarantee large performance gap between following PMI and random PMI based on our observations.
For PUCCH 2-1 mode, proposed option is to verify wideband PMI accuracy with fixed PTI=0 during test. However unlike legacy CQI/PMI test, RI and PMI can be fixed during test by configured codebook restriction throughput RRC singling “CodeBookSubsetRestriction bitmap”, we need to further confirm whether it’s feasible to fix PTI=0 during test for PUCCH 2-1. Considering test effort and test coverage, additional PUCCH 2-1 test with rank2 transmission test can be introduced depending on the feasibility of fixed PTI =0 in test.
Based on such analysis and observations, such detailed test case design given:
Proposal4: Making clear clarification for random PMI selection method with restriction following codebook sub-sampling corresponding to relevant PUCCH feedback mode
Proposal5: Introducing PUCCH 1-1 sub-mode 2 test as first priority since this option has simplest and straight forward test configuration.
Proposal6: Such test configuration can be used for PUCCH 1-1 sub-mode 2:
· MCS: QSPK Rank1
· Channel and antenna correlation: EPA5Hz , 4*2 ULA Low
· Reference SNR point: 
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corresponding to: using random precoding capture 60% of the maximum throughput obtained at which SNR point
Proposal7: additional PUCCH 2-1 test with rank2 transmission test can be introduced depending on the feasibility of fixed PTI =0 in test.
Proposal8: Such test configuration can be used for PUCCH 2-1 mode:
· MCS: 16QAM Rank2
· Channel and antenna correlation: EPA5Hz , 4*2 XP High
· Reference SNR point: 
[image: image46.wmf]ref
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corresponding to: using the precoders configured according to the UE reports capture70% of the maximum throughput obtained at which SNR point
3 Conclusion
In this contribution, firstly RAN1’s agreement and RAN4 progress for eDL-MIMO work item in Rel-12 were summarized. With generally analysis and simulation results, such observation given:
Observation 1: For PUCCH 1-1submode 1and PUCCH mode 2-1, with improper test configuration, first PMI/second PMI collision and mismatch will happen since RI, i1 and i2 have different reporting periodicity and sub-frame offset.
Observation 2: For PUCCH 1-1 sub mode 2, legacy test configuration can be reused to remove the effect of RI and i1/i2 collision problem and no PMI i1/i2 issue identified.
Observation 3: For random precoding, no obvious performance difference between different CSI feeback modes with or without codebook sub-sampling.
Observation 4: For PUCCH 1-1 mode test, both sub-mode1 and sub-mode 2 has large performance gap to verify UE reporting PMI accuracy. With ULA low channel, throughput ratio at reference SNR point is around 1.4 ~1.5 for both MCS4 and MCS12 cases, for XP high channel, throughput ratio at reference SNR point is around 2.1~2.3.
Observation 5: Throughput performance with following PMI for PUCSH 3-1 is better than PUCCH 1-1 and PUCCH submode 1 is better than submode 2 due to codebook sub-sampling for PUCCH feedback mode. 
Observation 6: For PUCCH 2-1 rank2 test, with ULA low channel, throughput gain with following PMI compared random PMI is marginal in some SNR range (around 1.1). With XP high channel, throughput ratio at reference SNR point is around 2.0 and for MCS4 case and 1.5 for MCS12 case.
Observation 7: It’s feasible to reuse legacy test metric to verify PMI reporting accuracy. 
Based on the observations and analysis, such detailed test case design were proposed to verify new features in this WI:
Proposal 1: Configure different sub-frame offset for i1 and i2 reporting and skip scheduling PDSCH transmission in corresponding i1/i2 mismatched DL sub-frames for PUCCH 1-1 mode 1 to avoid i1/i2 reporting collision and using mismatching problem. i.e.:
· For FDD：
· cqi-pmi-ConfigurationIndex as 4, 
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· ri-ConfigIndex as 162, 
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· Skip shedulded PDSCH in subfrmae #5
· For TDD：
· DL-UL configuration: 1(DSUUD)
· cqi-pmi-ConfigurationIndex as 4, 
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· ri-ConfigIndex as 162, 
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· Proposal2: Configure different sub-frame offset for RI and i1/ i2 reporting and using previous reported i1, i2 in mismatch DL Sub-frames to avoid RI/i1 collision and i1/i2 mismatch problem for PUCCH 2-1. i.e:
· For FDD：
· cqi-pmi-ConfigurationIndex as 2, 
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· ri-ConfigIndex as 806, 
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· H’= [8], with 40ms interval for i1
· For TDD：
· DL-UL configuration: 1(DSUUD)
· cqi-pmi-ConfigurationIndex as 4, 
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· ri-ConfigIndex as 806, 
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· H’= [8], with 40ms interval for i1
Proposal3: Reusing legacy test methodology to configured maximum RI reporting interval with additional note as TS36.101 to resolve RI and i1/i2 reporting collision problem:
· Note:  RI reporting interval is set to the maximum allowable length of 160ms to minimise collisions between RI, CQI/PMI and HARQ-ACK reports. In the case when all three reports collide, it is expected that CQI/PMI reports will be dropped, while RI and HARQ-ACK will be multiplexed. At eNB, CQI/PMI report collection shall be skipped every 160ms during performance verification and the reported CQI/PMI in subframe SF#7 of the previous frame is applied in downlink subframes until a new CQI (after CQI/PMI dropping) is available.

Proposal4: Making clear clarification for random PMI selection with restriction following codebook sub-sampling corresponding to relevant PUCCH feedback mode
Proposal5: Introducing PUCCH 1-1 sub-mode 2 test as first priority since this option has simplest and straight forward test configuration.
Proposal6: Such test configuration can be used for PUCCH 1-1 sub-mode 2:
· MCS: QPSK Rank1
· Channel and antenna correlation: EPA5Hz , 4*2 ULA Low
· Reference SNR point: 
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corresponding to: using random precoding capture 60% of the maximum throughput obtained at which SNR point
Proposal7: additional PUCCH 2-1 test with rank2 transmission test can be introduced depending on the feasibility of fixed PTI =0 in test.
Proposal8: Such test configuration can be used for PUCCH 2-1 mode:
· MCS: 16QAM Rank2
· Channel and antenna correlation: EPA5Hz , 4*2 XP High
· Reference SNR point: 
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corresponding to: using the precoders configured according to the UE reports capture70% of the maximum throughput obtained at which SNR point
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Annex
Test parameters for single PMI test of PUCCH (FDD)

	Parameter
	Unit
	Test 1 (rank1)
	Test 2 (rank1)
	Test 3 (rank2)

	Bandwidth
	MHz
	10
	10
	10

	Transmission mode
	
	9
	9
	9

	Propagation channel
	
	EPA5
	EPA5
	EPA5

	PDSCH PRBs
	
	50
	50
	50

	Precoding granularity
	PRB
	50
	50
	50

	Correlation and antenna configuration
	
	Option 1:XP High 4 x 2
Option 2: 4 x 2 Low
	Option 1:XP High 4 x 2
Option 2: 4 x 2 Low
	Option 1: 4 x 2 Low
Option 2:XP High 4 x 2

	Beamforming model
	
	Annex B.4.3
	Annex B.4.3
	Annex B.4.3

	MCS
	
	16QAM MCS12
QPSK MCS4
	16QAM MCS12
QPSK MCS4
	16QAM MCS12
QPSK MCS4

	Cell-specific reference signals
	
	Antenna ports 0,1
	Antenna ports 0,1
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports
15,…,18
	Antenna ports
15,…,18
	Antenna ports
15,…,18

	CSI-RS periodicity and subframe offset          TCSI-RS / ICSI-RS
	
	5/ 2
	5/ 1
	5/ 1

	CSI-RS reference signal configuration
	
	6
	6
	6

	CodeBookSubsetRestriction bitmap
	
	TBD
	TBD
	TBD

	 Downlink power allocation
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	dB
	0
	0
	0
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	dB
	0
	0
	0

	
	Pc
	dB
	-3
	-3
	-3
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	dB[mW/15kHz]
	-98
	-98
	-98

	Reporting mode
	
	PUCCH 1-1 submode1
	PUCCH 1-1 submode2
	PUCCH2-1

	Reporting interval
	ms
	5
	5
	5

	 PMI delay (Note 2)
	ms
	8
	8
	8

	cqi-pmi-ConfigurationIndex
	
	4
	3
	2

	ri-ConfigIndex
	
	162
	805
	806

	H’
	
	NA
	NA
	8

	Modulation and Coded rate
	
	TBD
	TBD
	TBD

	OCNG Pattern
	
	OP.1 FDD
	OP.1 FDD
	OP.1 FDD

	Max number of HARQ transmissions
	
	4
	4
	4

	Redundancy version coding sequence
	
	{0,1,2,3}
	{0,1,2,3}
	{0,1,2,3}

	Note 1:
For random precoder selection, the precoder shall be updated in each TTI (1 ms granularity)

Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).
Note 3:
PDSCH _RA= 0 dB, PDSCH_RB=  0 dB in order to have the same PDSCH and OCNG power per subcarrier at the receiver
Note4:    For PUCCH2-1, PTI shall be set to 0 due to only verify wideband PMI performance.
Note5:    For PUCCH 1-1 submode 2: RI reporting interval is set to the maximum allowable length of 160ms to minimise collisions between RI, CQI/PMI and HARQ-ACK reports. In the case when all three reports collide, it is expected that CQI/PMI reports will be dropped, while RI and HARQ-ACK will be multiplexed. At eNB, CQI/PMI report collection shall be skipped every 160ms during performance verification and the reported CQI/PMI in subframe SF#7 of the previous frame is applied in downlink subframes until a new CQI (after CQI/PMI dropping) is available.

Note 6:   For PUCCH 2-1: In the case where wideband i1 is reported in SF#n, data is to be scheduled according to the most recently used i1 and i2 in DL SF#(n+4)~SF#(n+Npd+3) until updated i2 is available.
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