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1. Introduction
In RAN4 #77, there was a first discussion for performance requirements of Rel-13 FD-MIMO feature and WF in [1] was agreed. 

· No eNB performance requirements for EBF/FD-MIMO WI in Rel-13.
· No UE RRM performance requirements for EBF/FD-MIMO WI in Rel-13. 
· No new control channel performance requirements (PDCCH, PCFICH, PHICH, EPDCCH, PBCH) for EBF/FD-MIMO WI in Rel-13. 
· New CSI requirements need to be introduced at least for such purpose:

· CSI Class A with new codebook

· CSI Class B K>1 with CRI reporting
· It’s FFS whether new CSI test cases need to be introduced for measurement restriction functionality

· It’s FFS whether new CSI test case need to be introduced for CSI Class B K=1 with W2 only PMI feedback

In this contribution, we provide our view on CSI feedback performance requirements for EB/FD-MIMO and propose test case framework. 
2. CSI requirement for CSI class A

In RAN4 #77, it was agreed to introduce a new CSI requirement for CSI class A. CSI class A is defined for FD-MIMO scheme based on non-precoded CSI-RS. According to RAN1 design, CSI class A consists of set of new features. 
· 2-D codebook with parameterized antenna array configuration
· 12/16 ports CSI-RS resource configuration
· CDM-4 spreading for avoid CSI-RS coverage loss

· New aperiodic/periodic CSI reporting with codebook indices 
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· Interference measurement restriction in TM10
In order to support CSI feedback for CSI class A, UE should have following functionality. 
· CSI-RS channel estimation over 8/12/16 CSI-RS channel ports with either CDM-2 or CDM-4 spreading
· PMI selection for 2-D codebook with various codebook configuration
· Aperiodic/periodic CSI feedback according to CSI feedback configuration
· Interference measurement restricted to one CSI-IM instance when measurement restriction is configured. 

2.1. 2-D codebook selection
According to RAN1 design, following 2-D antenna array configurations are supported in Rel-13 EB/FD-MIMO. 

· 8 port : (N1, N2) = (2, 2)
· 12 port : (N1, N2) = (2, 3), (3, 2)
· 16 port : (N1, N2) = (2, 4), (4, 2)
For given antenna array configuration, codebook is defined with oversampling factor (O1, O2) and CSS (codebook subset selection) Config. Oversampling factor determines number of candidate PMI in each dimension. CSS Config specifies subset of codebooks to be considered in W2 selection as shown in figure 1.  
Considering RAN4 work load and test effort, it’s not necessary to verify all the combinations with different antennas numbers, CSS configurations and oversampling factors. Since 8 port CSI feedback is already defined in Rel-10, CSI feedback for 12 port and 16 port transmit antenna seem more relevant for FD-MIMO deployment. For oversampling factor, specifying requirement with higher oversampling factor would ensure also good performance for codebook with lower oversampling factor. For CSS Config, we would like to propose to use Config 3 and 4 to verify W2 search in both 1-D and 2-D. 
Proposal 1. Specify performance requirements with following codebook. 

· (N1, N2, O1, O2, Config) = (2, 3, 8, 8, 3)

· (N1, N2, O1, O2, Config) = (4, 2, 8, 4, 4)
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Figure 1. Codebook subset configuration
2.2. CSI-RS configuration
CSI-RS resources for 12 and 16 antenna ports are defined as aggregation of already existing 4 or 8 port CSI-RS resources. More specifically, 12 port CSI-RS resources are constructed by aggregating 3 4 port CSI-RS resources and 16 port CSI-RS resources are constructed by aggregating 2 8 port CSI-RS resources. On top of that, either CDM-2 or CDM-4 spreading can be configured by eNB. CDM-2 is same as existing CSI-RS spreading among two CSI-RS REs on adjacent OFDM symbols. Therefore, CSI-RS channel estimation with CDM-2 requires no new functionality. On the other hand, CDM-4 was newly defined for 12 port and 16 port CSI-RS. For 12 port CSI-RS, CDM-4 spreading is done over 4 REs from same 4 port CSI-RS resource. For 16 port CSI-RS, CDM-4 spreading is done over 4 REs adjacent both in time and frequency domain. Figure 2 illustrate how CDM-4 spreading is performed for 12 port and 16 port CSI-RS. CSI-RS channel estimation for CDM-4 requires new algorithm in UE receiver.
Proposal 2. Use CDM-4 CSI-RS spreading for CSI-RS configuration for class A CSI tests. 
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Figure 2. CDM-4 CSI-RS spreading
2.3. CSI feedback mode

For CSI reporting in CSI class A, UE should feedback RI, PMI and CQI, which is same as Rel-12 CSI reporting framework. Assuming 2 Rx UE that can support up to rank 2 PDSCH demodulation, CSI feedback in FD-MIMO CSI class A will include
· RI reporting that can be either rank 1 or rank 2

· PMI reporting consisting of 
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· CQI reporting

Both aperiodic and periodic CSI reporting can be used for CSI feedback in FD-MIMO CSI class A. For aperiodic CSI reporting mode, all Rel-12 aperiodic CSI reporting modes are supported also for Rel-13 FD-MIMO CSI class A. From UE implementation point of view, the only change is PMI feedback based on 2-D codebook. For periodic CSI reporting, PUCCH 1-1 submode 1 and PUCCH mode 2-1 are supported. For PUCCH mode 1-1, no codebook subsampling is applied for both W1 and W2. For PUCCH mode 2-1, W2 subsampling is applied when CSS Config is 2, 3 and 4. 
Proposal 3. Verify CSI feedback for both aperiodic and periodic CSI feedback for CSI class A. Select PUSCH 3-1 is and PUCCH 2-1 as reporting mode. 
2.4. Measurement restriction
For FD-MIMO CSI class A, measurement restriction for CSI feedback is applied only to interference measurement based on CSI-IM. When measurement restriction is enabled, UE should measure interference based on one subframe observation on CSI-IM. For channel measurement, UE can still average channel measurement from CSI-RS to achieve more reliable channel estimation. For TM9 UE, UE can still average interference measured on CRS across subframes to get more reliable interference estimation. 
Since measurement restriction for CSI class A is linked to TM10 which is also optional feature, we would like to propose to consider separate tests to verify measurement restriction functionality. 
Proposal 4. Don’t verify measurement restriction functionality in CSI class A test. 
2.5. Test framework
For FD-MIMO CSI class A, we need to make it sure that UE provides reliable RI, PMI and CQI feedback. Even though new codebook is introduced, RI and CQI reporting functionality are not affected in UE implementation. Therefore, it is not necessary to repeat RI and CQI test with new codebook. On the other hand, PMI feedback is directly affected by new codebook and thus RAN4 should introduce PMI feedback performance requirements. 
For PMI test, we can reuse existing PMI test requirement based on throughput gain of follow PMI transmission relative to random PMI transmission. Test metric would be defined as 
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 is PDSCH throughput when PMI is applied based on UE feedback and 
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 is PDSCH throughput when random PMI is applied. For PMI test with 12 or 16 port codebook, RAN4 needs to define a new MIMO channel model. In companion paper [2], we provide our proposal for FD-MIMO channel model with beam steering. Table 1 is PMI test framework for FD-MIMO CSI class A. 
Proposal 5. Consider wideband and subband PMI test for FD-MIMO CSI class A. 
Table 1. PMI test for FD-MIMO CSI class A

	
	Wideband PMI test
	Subband PMI test

	Transmission mode
	9
	9

	Antenna configuration
	12x2
	16x2

	Channel correlation
	TBD
	TBD

	Propagation channel
	EVA5
	EVA5

	Codebook configuration
	(N1, N2, O1, O2, Config) = (2, 3, 8, 8, 3)
	(N1, N2, O1, O2, Config) = (4, 2, 8, 4, 4)

	CSI reporting mode
	PUSCH 3-1
	PUCCH 2-1

	CSI configuration
	CDM-4
	CDM-4

	Measurement restriction
	Not configured
	Not configured

	PDSCH rank
	Rank 1
	Rank 1


3. CSI requirement for CSI class B K>1

In RAN4 #77, it was agreed to introduce a new CSI requirement for CSI class B K>1. CSI class B with more than 1 CSI-RS resources is defined for FD-MIMO scheme using cell specific beamformed CSI-RS wherein K virtual cells are created by beamforming. According to RAN1 design, CSI class B with multiple CSI-RS resources consists of set of new features. 

· Configuration of K>1 NZP-CSI-RS resources for one CSI process. NZP-CSI-RS can have 1, 2, 4, 8 CSI-RS ports. 
· Configuration of multiple CSI-IM resources for one CSI process
· Independent association of NZP-CSI-RS and CSI-IM
· CRI (CSI-RS resource index) reporting in CSI feedback
In order to support CSI feedback for CSI class B with multiple CSI-RS resources, UE should have following functionality. 

· CSI measurement of  K>1 CSI based on configured NZP-CSI-RS and CSI-IM resources
· CRI selection
· Legacy RI/PMI/CQI feedback for selected CRI
3.1. CSI feedback mode
Both aperiodic and periodic CSI feedback is supported in CSI class B K>1. In aperiodic CSI feedback, CRI is always reported along with RI, PMI and CQI in CSI reporting. CRI and RI is jointed encoded and transmitted on REs that is used for RI transmission in Rel-12 aperiodic CSI feedback. In periodic CSI feedback, CRI is reported jointly with RI in every 
[image: image11.wmf]{

}

1,2,4,8,16,32

CRI

M

Î

 RI periodicity. Because CSI feedback for selected CRI is based on legacy CSI feedback, other aspects of CSI feedback is identical to existing CSI feedback procedure. 
Proposal 6. For CSI class B with K>1, CRI reporting capability need to verified. 

3.2. Test framework
In [3], two methods were proposed for CRI reporting test, i.e., fixed beam method and variable beam method. Considering that CRI selection is the only new functionality that needs to be verified for CSI class B with K>1, variable beam method seems to provide better test coverage. We would like to provide more detail on variable beam test method. 
· Set up 2x2 static channel between eNB and UE

· Configure K=4 CSI-RS resources with 2 CSI-RS ports

· Beam power of K=4 beams are varied over time as shown in figure 3. 
· Configure aperiodic CSI reporting with PUSCH 3-1 reporting mode. 
· TM9 Rank 1 PDSCH is transmitted according to beam power of selected CRI and wideband CQI feedback. 
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Figure 3. Beam power variation

· PDSCH throughput is measured with K=4 beam configuration and K=1 beam configuration. 

· Test metric is defined as ratio of PDSCH throughput with K=4 beam configuration and PDSCH throughput with K=1 beam configuration. 
Proposal 7. Consider CRI reporting test for CSI class B with K>1 based on time varying beam power and PDSCH throughput ratio of 4 beam and 1 beam configuration. 
4. CSI requirement for CSI class B K=1 and W2 only PMI feedback
When CSI class B is configured with K=1 CSI-RS resource, there are two different CSI feedback operation depending on PMI-Config configuration. When PMI-Config is set to 0, legacy 2/4/8 ports codebook is used. If PMI-Config is set to 1, W2-only PMI feedback defined in Table 7.2.4-18, 7.2.4-19 and 7.2.4-20. This mode of CSI feedback is used for FD-MIMO scheme with UE specific beamformed CSI-RS. According to RAN1 design, CSI class B with 1 CSI-RS resource and W2 only PMI feedback consists of set of new features. 

· UE selects port pair and co-phasing based on beamformed CSI-RS observed on CSI-RS antenna ports. 
· Measurement restriction on channel and interference measurement can be configured to allow CSI-RS resource pooling among multiple UEs
UE should support following functionality to provide CSI feedback in CSI class B with K=1 and W2 only PMI feedback.
· PMI selection based on W2 only codebook.
· Channel measurement from CSI-RS for CSI feedback should not be averaged across CSI-RS instances when channel measurement restriction is configured. 
4.1. Test framework
PMI test can be considered to verify PMI selection functionality based on W2 only codebook. In order to verify channel measurement restriction functionality, different precoding can be applied to alternate CSI-RS instance. If UE tries to average CSI-RS channel across adjacent CSI-RS instances, channel measurement will be screwed up. Here’s some detail for test configuration. 
· Set up 4x2 fading channel with EVA5 low correlation between eNB and UE

· Configure K=1 CSI-RS resources with 4 CSI-RS ports and CSI class B with W2 only PMI feedback
· CSI-RS is transmitted every 5 ms. In even CSI-RS instances, apply precoding 
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· Configure aperiodic CSI reporting with PUSCH 3-1 reporting mode. 

· TM9 Rank 1 PDSCH with fixed MCS is transmitted with follow PMI and random PMI precoding. 
· Test metric is defined as ratio of PDSCH throughput with follow PMI and PDSCH throughput with random PMI. 

Proposal 8. Consider PMI test for CSI class B with K=1 and W2 only PMI feedback to verify PMI feedback performance and channel measurement restriction functionality. 
5. Measurement restriction
In Rel-13 FD-MIMO, measurement restriction can be configured separately for channel measurement and interference measurement. When measurement restriction is enabled, UE should perform single subframe channel and interference measurement. 

Channel measurement restriction can be configured only for beamformed CSI-RS and thus Rel-13 FD-MIMO specific feature. Main purpose of channel measurement restriction is to allow CSI-RS resource sharing among multiple UEs in UE specific beamformed CSI-RS scheme. We proposed to verify channel measurement restriction functionality jointly with W2 only PMI feedback test. 
Interference measurement restriction can be configured on CSI-IM resource and thus only applicable to TM10 UE. Depending on RAN1 decision, interference measurement restriction on CSI-IM can be defined as generic feature for TM10 independent of Rel-13 FD-MIMO feature. 
Observation 1. Interference measurement restriction on CSI-IM can be defined as generic feature for TM10 independent of Rel-13 FD-MIMO feature. 

In order to avoid complicated feature dependency, it would be desirable to specify separate test to verify interference measurement restriction functionality of TM10 UE. 
Proposal 9. Verify interference measurement restriction functionality of TM10 UE separately from Rel-13 FD-MIMO feature. 

5.1. Test framework
In Rel-11 CoMP WI, RAN4 specified CQI definition test to verify use of IMR for TM10 CSI feedback and corresponding test was defined in 9.4.1 of 36.101. Figure 4 illustrates CSI resource configuration for TM10 CQI definition test. Test is defined with following details. 
· CoMP scenario 4 is assumed in the test, i.e., CRS is transmitted only from TP1. 

· TP1 is serving TP that transmits rank 2 PDSCH to UE. TP2 is non-serving TP in CoMP set that transmits rank 2 interference PDSCH with QPSK modulation. 

· TP1 is connected to UE via 4x2 static channel and TP2 is connected to UE via 2x2 static channel. 
· UE is supposed to measure CSI based on channel measurement from NZP-CSI-RS and interference measurement from IMR (CSI-IM). 
· TP1 SNR is 20dB and TP2 SNR is 6/7 dB or 14/15dB. With TP2 PDSCH acting as interference on TP1 PDSCH, CINR of TP1 PDSCH is mainly determined by TP1 and TP2 power difference. 
· If UE measures CQI based on interference measurement form IMR, UE will measure correct CQI since noise+interference observed on IMR is same as noise+interference observed on PDSCH. 
· If UE measures CQI based on interference measurement from CRS, UE will overestimate CQI since interference from TP2 PDSCH is not observed on CRS. CQI overestimation will lead to failure in BLER criteria. 
We can modify CSI resource configuration as in figure 5 to jointly verify interference measurement restriction for TM10 UE. In modified CSI resource configuration, PDSCH from TP2 is transmitted only in even CSI subframe. In odd CSI subframe, PDSCH from TP2 is blanked. For example, for FDD test defined in 9.2.4.1, subframe 1 and 6 is used for CSI measurement. With proposed modification, interference PDSCH from TP2 is transmitted in SF 1 but is blanked in SF 6. Also, CQI reporting periodicity is changed to 10 ms and periodic CSI reporting is transmitted in SF 5. If interference measurement restriction is configured, UE should measure interference only from IMR in SF 1 to determine CQI reporting. If interference measurement in SF 1 and SF 6 is averaged, UE will overestimate CQI and thus fail BLER criterion. Table 2 is modified test configuration for TM10 CQI definition test with interference measurement restriction. 
Proposal 10. Modify TM10 CQI definition test to jointly verify interference measurement restriction from CRS-IM.
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Figure 4. CSI resource configuration for existing TM10 CQI definition test


[image: image16.emf]TP1

TP2

NZP-CSI-RS from TP1

ZP-CSI-RS from TP2

IMR1

PDSCH

CRS from TP1 and TP2

PDCCH from TP1


(a) CSI resource configuration in even CSI subframe
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(b) CSI resource configuration in odd CSI subframe

Figure 5. CSI resource configuration for modified TM10 CQI definition test
Figure 2. CQI definition test configuration with interference measurement rest restriction

	Parameter
	Unit
	Test 1
	Test 2

	
	
	TP1
	TP2
	TP1
	TP2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	10

	Downlink power allocation (Note 1)
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	dB
	0
	0
	0
	0
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	dB
	0
	0
	0
	0

	
	Pc
	dB
	-3
	-3
	-3
	-3

	
	(
	dB
	-3
	N/A
	-3
	N/A

	Cell ID
	
	0
	0

	Cell-specific reference signals
	
	Antenna ports 0, 1
	(Note 2)
	Antenna ports 0, 1
	(Note 2)

	CSI reference signals
	
	Antenna ports 15,…,18
	N/A
	Antenna ports 15,…,18
	N/A

	CSI-RS periodicity and subframe offset  TCSI-RS / ∆CSI-RS
	
	5/1
	N/A
	5/1
	N/A

	CSI-RS configuration
	
	0
	N/A
	0
	N/A

	Zero-Power CSI-RS configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 /

0010000000000000
	1 / 1000000000000000
	1 /

0010000000000000
	1 / 1000000000000000

	CSI-IM configuration

ICSI-RS / ZeroPowerCSI-RS bitmap
	
	1 /

0010000000000000
	N/A
	1 /

0010000000000000
	N/A

	CSI process configuration

Signal/Interference/Reporting mode
	
	CSI-RS/CSI-IM/PUCCH 1-1
	CSI-RS/CSI-IM/PUCCH 1-1

	Propagation condition and antenna configuration
	
	Clause B.1 
(4 x 2)
	Clause B.1 
(2 x 2)
	Clause B.1 
(4 x 2)
	Clause B.1 
(2 x 2)

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0100 0000
	100000
	0x0000 0000 0100 0000
	100000

	SNR (Note 3) 
	dB
	20
	6
	7
	20
	14
	15

	
[image: image20.wmf])

(

ˆ

j

or

I


	dB[mW/15kHz]
	-78
	-92
	-91
	-78
	-84
	-83
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	dB[mW/15kHz]
	-98
	-98

	Modulation / Information bit payload
	
	(Note4)
	QPSK / 4392
	(Note4)
	QPSK / 4392

	Max number of HARQ transmissions
	
	1
	N/A
	1
	N/A

	Physical channel for CQI/PMI reporting
	
	PUSCH (Note5)
	N/A
	PUSCH (Note5)
	N/A

	PUCCH Report Type for CQI/PMI
	
	2
	N/A
	2
	N/A

	PUCCH Report Type for RI
	
	3
	N/A
	3
	N/A

	Reporting periodicity 
	ms
	Npd = 10
	N/A
	Npd = 10
	N/A

	CQI Delay
	ms
	8
	N/A
	8
	N/A

	cqi-pmi-ConfigurationIndex
	
	2
	N/A
	2
	N/A

	ri-ConfigIndex
	
	1
	N/A
	1
	N/A

	PDSCH scheduled sub-frames
	
	1,2,3,4, 7,8,9
	1,2,3,4, 7,8,9 (Note 6)

	Timing offset between TPs
	us
	0
	0

	Frequency offset between TPs
	Hz
	0
	0

	Note1:
Reference measurement channel RC.10 FDD according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1.

Note 2:
REs for antenna ports 0 and 1 CRS have zero transmission power.

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:
N/A.

Note 5:
To avoid collisions between CQI/PMI 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#1 to allow periodic CQI/PMI to multiplex with the HARQ-ACK on PUSCH in uplink #5.

Note 6: PDSCH is blanked in SF #6,


6. Conclusions

In this contribution, we analyzed CSI feedback performance requirements for EB/FD-MIMO and proposed test case framework. Our observations and proposals are
CSI requirement for CSI class A
Proposal 1. Specify performance requirements with following codebook. 

· (N1, N2, O1, O2, Config) = (2, 3, 8, 8, 3)

· (N1, N2, O1, O2, Config) = (4, 2, 8, 4, 4)

Proposal 2. Use CDM-4 CSI-RS spreading for CSI-RS configuration for class A CSI tests. 

Proposal 3. Verify CSI feedback for both aperiodic and periodic CSI feedback for CSI class A. Select PUSCH 3-1 is and PUCCH 2-1 as reporting mode. 

Proposal 4. Don’t verify measurement restriction functionality in CSI class A test. 

Proposal 5. Consider wideband and subband PMI test for FD-MIMO CSI class A. 

CSI requirement for CSI class B with K>1

Proposal 6. For CSI class B with K>1, CRI reporting capability need to verified. 

Proposal 7. Consider CRI reporting test for CSI class B with K>1 based on time varying beam power and PDSCH throughput ratio of 4 beam and 1 beam configuration. 

CSI requirement for CSI class B with K=1 and W2 only PMI

Proposal 8. Consider PMI test for CSI class B with K=1 and W2 only PMI feedback to verify PMI feedback performance and channel measurement restriction functionality. 

Measurement restriction
Observation 1. Interference measurement restriction on CSI-IM can be defined as generic feature for TM10 independent of Rel-13 FD-MIMO feature. 

Proposal 9. Verify interference measurement restriction functionality of TM10 UE separately from Rel-13 FD-MIMO feature. 

Proposal 10. Modify TM10 CQI definition test to jointly verify interference measurement restriction from CRS-IM.
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