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Discussion
1. Introduction
In the last meeting, RAN4 has agreed to introduce 8x4 PMI tests in TDD. PMI test with rank=1 has been agreed, companies provide the measurement results in this meeting, while the PMI test with rank=1 seems to need more discussions to justify the test needs. In the last meeting, RAN4 agreements have been captured in [1,2] as
· RAN4 agreed to have rank 1 TDD 8x4 PMI tests [1]
· Evaluate rank 1 test for fixed reference channel MCS 12 and MCS 19  based on the simulation assumptions
· Contribute with the throughputs at random PMI and follow PMI and ratio of throughputs g for the SNR 
· Test is defined based on 9.4.1.3.2

· Study PMI 3 Layers  [2]
In this contribution, we share our views on 8x4 TDD PMI tests.
2. 4-RX PMI Test
RAN4 has discussed about needs of 4-RX PMI tests. A main goal of PMI tests is to confirm TX beamforming gains and check UE’s functional CSI reporting operations.  Regarding beamforming gain, it has been confirmed that the TX beamforming gain is linearly achieved between 2RX UE and 4RX UE [3]. Under a same TX configuration, the PMI selection does have functional interest, not performance interest in 4-RX UEs. 

Although there is no significant PMI tests needs between 2-RX UE and 4-RX UEs, some companies think that additional PMI test requirement for 4RX may be required to verify PMI reporting accuracy performance under 4Rx antenna scenario. According to the existing RAN4 PMI test cases, PMI tests have been defined with medium correlation or high correlation, because the correlated channel gives more effective gain of TX beamforming. Energy of the beam is focused on a given MIMO layer. Therefore, 1 and/or 2layers PMI test could be sufficient. Also, UE capability with 3 and 4 layers have been verified in demodulation test. This is background of reaching to PMI agreement.

Observation 1 : High layer beamforming gains are already verified through demodulation performance tests (TM4 4-layer demod test and TM9 4-layer demod test) sufficiently. 
Since performance aspect of TX beamforming with high layers already has been covered, we don’t feel strong needs of the high layer PMI tests.

The only remained argument is about 8-TX functional test. Since there is no test with 8x4 so far in 4-RX UE WI, some operators, who have deep interest on TDD 8TX BSs, wanted to verify functional aspect of 4-RX UE. As long as 8x4 with one layer test is introduced, we don’t see an essential reason of additional high layer 
Proposal 1 : RAN4 has decided to introduce a 8x4 PMI test with 1 layer to to verify functional aspect of 4-RX UE supporting TDD 8 TX BS. There is no need to introduce additional PMI test with high layers.
Through simulation results in section 3, we provide convincing observations, diversity gain based on TX beamforming is shown more explicitly under correlated channels (i.e medium correlation or high correlation). We found that rank=2 usecase still becomes dominant under 8x4 medium correlated channels rather than RI=3.
3. TDD 8x4 PMI test with rank 1
As agreed in the last meeting, we provide test preference on TDD 8x4 PMI test with rank 1. The test has been built based on 9.4.1.3.2. Given test conditions are listed in the table 1. 
Since 4-RX UE will improve overall performance, FRC needs to be adjusted for the 4-RX test. The two options of MCS12 or MCS 19 have been asked.
In fact, as discussed in the previous meeting, gamma ratio between random PMI and following PMI appears identically between 2-RX UE and 4-RX UE. As we observed results, the MCS 12 performance at 70% throughput is captured in very low SNR, we prefer to set the test with MCS19.

Propose 2 : Take MCS19 for 8x4 PMI test with rank 1.

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Transmission mode
	 
	9

	Uplink downlink configuration
	 
	1

	Special subframe configuration
	 
	4

	Propagation channel
	 
	EVA5

	Precoding granularity
	PRB
	50

	Antenna configuration
	 
	8 x 4

	Correlation modeling
	 
	High, Cross polarized

	Cell-specific reference signals
	 
	Antenna ports 0,1

	CSI reference signals
	 
	Antenna ports
15,…,22

	Beamforming model
	 
	Annex B.4.3

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS 
	 
	5/ 4

	CSI-RS reference signal configuration
	 
	0

	CodeBookSubsetRestriction bitmap
	 
	0x0000 0000 001F FFE0 0000 0000 FFFF

	 Downlink power allocation
	Rho A
	dB
	0

	
	Rho B
	dB
	0

	
	Pc
	dB
	-6

	
	(
	dB
	-3

	
	dB[mW/15kHz]
	-98

	Reporting mode
	 
	PUSCH 3-1

	Reporting interval
	ms
	5

	 PMI delay (Note 2)
	ms
	10

	Measurement channel
	 
	MCS 12

and MCS 19

	OCNG Pattern
	 
	OP.1 TDD

	Max number of HARQ transmissions
	 
	4

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

	ACK/NACK feedback mode
	 
	Multiplexing
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Figure 1 : Throughput performance of following PMI and random PMI

(left) MCS12, (right) MCS19
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Figure 1 : Gamma ratio test of following PMI and random PMI

(left) MCS12, (right) MCS19

4. TDD 8x4 PMI test with rank 3
As discussed in section 2, we don’t think TDD 8x4 PMI test with high ranks is needed. The PMI adaptation gains for high ranks have been confirmed in terms of both performance aspects and funtional aspects through demodulation tests. 4-RX UE operation with 8-TX PMI has been verified too through 8x4 PMI test with rank=1. We don’t see specific interest of 8x4 with high ranks.
Moreover, in WF [2], it asks to test options to measure cases of (i) following CQI for random PMI and following PMI and (ii) fixed MCS for random PMI and following PMI. First of all, as RAN4 discussed through the last meetings, we have concern on measurement with random PMI and following CQI. Its measurements does not make sense in terms of performance anlaysis point of view in the results.
The test simulation has been executed based on table 2. In the WF [2], the codebooksubset was TBD. We utilze 0x 001F FFF0 0000 0000 0000 1F00 0000 for the rank 3 support.
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Transmission mode
	 
	9

	Uplink downlink configuration
	 
	1

	Special subframe configuration
	 
	4

	Propagation channel
	 
	EVA5

	Precoding granularity
	PRB
	50

	Antenna configuration
	 
	8 x 4

	Cell-specific reference signals
	 
	Antenna ports 0,1

	CSI reference signals
	 
	Antenna ports 15,…,22

	Beamforming model
	 
	Annex B.4.3

	CSI-RS periodicity and subframe offset TCSI-RS / ∆CSI-RS 
	 
	5/ 4

	CSI-RS reference signal configuration
	 
	0

	CodeBookSubsetRestriction britmap
	 
	0x 001F FFF0 0000 0000 0000 1F00 0000

	 Downlink power allocation
	Rho A
	dB
	0

	
	Rho B
	dB
	0

	
	Pc
	dB
	-6

	
	(
	dB
	-3

	
	dB[mW/15kHz]
	-98

	Reporting mode
	 
	PUSCH 3-1

	Reporting interval
	Ms
	5

	 PMI delay (Note 2)
	Ms
	10

	OCNG Pattern
	 
	OP.1 TDD

	Max number of HARQ transmissions
	 
	4

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

	ACK/NACK feedback mode
	 
	Multiplexing


Note : Utilize 8TX XPOL antenna correlation 
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Figure 3 : Througput performance of following PMI and random PMI (rank 3, fixed MCS16)

As confired in figure 3, rank=2 is the major strategy to achieve the max data rate under XPOL medium correlation A channel.  Also the 8-TX beamforming gain is shown more explictly in rank=2 case rather than rank=3.

Observation 2 : 8-TX rank=2 is the major strategy to achieve the best data rate under the  XPOL medium correlation A channel.  Also the 8-TX beamforming gain is shown more explictly in rank=2 case rather than rank=3.

Additionally, we test the same test case as table 2 with following CQI in figure 3. Appearantly, the gap between following PMI and random PMI has shown more explictly comparing to figure 3. However, it seems not because of PMI beamforming gain of 8-TX. Eventually, the figure 4-(left), it shows following PMI and following CQI achieve incremental throughputs over SNR. First of all, it still shows rank=2 case is the main rank selection for optimum performance. 

Secondary, the performance simulated in figure 4 (right), it includes performance loss due to inadequte MCS usages with random PMI transmission. In other words, although gamma ratio can be applicable to figure 4 curves, however the gamma ratio is just cacalated noticibly thanks to performance loss due to inadequte MCS usages with random PMI transmission in figure-4 (right). In short, the plots of following CQI and ramdom PMI is improperly defined to check the PMI gain completely.
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Figure 4 : Througput performance of following PMI and random PMI (rank 3, following CQI )

(left) following PMI          (right) random PMI

5. Conclusion
In this contribution, we share our views on 8x4 TDD PMI tests.
Observation 1 : High layer beamforming gains are already verified through demodulation performance tests (TM4 4-layer demod test and TM9 4-layer demod test) sufficiently. 

Proposal 1 : RAN4 has decided to introduce a 8x4 PMI test with 1 layer to to verify functional aspect of 4-RX UE supporting TDD 8 TX BS. There is no need to introduce additional PMI test with high layers.

Propose 2 : Take MCS19 for 8x4 PMI test with rank 1.

Observation 2 : 8-TX rank=2 is the major strategy to achieve the best data rate under the  XPOL medium correlation A channel.  Also the 8-TX beamforming gain is shown more explictly in rank=2 case rather than rank=3.
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