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1	Introduction
In RAN#68, the work item “Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” was approved in [1] which aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array. The work plan according to the WID objectives was given in [2] as following:
· 3GPPRAN4#77, November 2015, 1TU 
· Agree working scope and plan for defining UE core/performance requirements to utilize both elevation and azimuth domains with 2D antenna array at eNBs. 
· Identify UE RF/RRM core requirements effect 
· Discuss and identify demodulation and CSI feedback requirements which require changes 
· 3GPPRAN4#78 , February 2016, 2TU 
· Discuss and agree on simulation assumptions for demodulation and CSI feedback requirements. 
· 3GPPRAN4#78bis , April 2016, 2TU    	  	   
· Provide alignment simulation results for demodulation and CSI feedback test cases based on agreed simulation assumption. 
· Discuss demodulation and CSI test cases design. 
· 3GPPRAN4#79, May 2016, 2TU    	  	   
· Provide implementation simulation results for demodulation and CSI feedback test cases based on agreed test cases list. 
·  Agree CR for demodulation and CSI feedback test cases in 36.101 
In this contribution, we provide analysis on FD-MIMO CSI test case, including:
· PMI test cases for CSI Class A;
· CRI (CSI-RS resource indicator) test for CSI Class B with K>1;
· CQI test case for MR(measurement restriction) functionality;
· PMI test for Class B K=1 with W2-only feedback.
2	Discussion
2.1 CSI test cases proposed
As described in [2], the following new features for CSI reporting are introduced for FD-MIMO in Rel-13:
· A CSI process can be configured with either of two CSI reporting classes, A or B (FFS: both A and B)
· CSI Class A (No pre-coded CSI-RS based on schemes): UE reports CSI according to W=W1W2 codebook based on {8,12,16} CSI-RS ports
· New codebook for 2D antenna arrays
· Several configurations will be configured by RRC parameters
· CSI Class B (Beam-forming CSI-RS based on schemes):  A CSI process is associated with K CSI-RS resources, with Nk ports for the kth CSI-RS resource (K could be >=1) , Value K is configured to the UE where K≥1, representing K beams 
· For K>1 (Cell specific beam-forming)
· For each of the K beams, a value Nk={1, 2, 4, 8} is configured as one Rel.12 NZP CSI-RS resource 
· CRI feedback is included in CSI report to select one out of K beams 
· For K=1 (UE specific beam-forming)
· A value N1={1, 2, 4, 8} is configured as one Rel.12 NZP CSI-RS resource 
· CSI reporting with PMI-feedback-only based on W2-only feedback for N1 ports
· Measurement restriction
· For a given CSI process, if MR on channel measurement is ON, then the channel used for CSI computation can be estimated from X NZP CSI-RS subframe(s) up until and including CSI reference resource 
· For a given CSI process with CSI-IM(s), if MR on interference measurement is ON, then the interference used for CSI computation can be estimated from Y CSI-IM subframe(s) up until and including CSI reference resource 
Based on RAN1’s agreements, RAN4 need to introduce CSI tests under FD-MIMO at least for such purposes:
· PMI test cases for CSI Class A: 
· New codebook for 12 ,16 CSI-RS ports which target for 2D antenna arrays
· PMI estimation accuracy
· Jointly verify new CSI-RS resource mapping for 12 and 16 CSI-RS ports with both CDM2 and CDM4 pattern
· UE capability to support maximum codebook size which upper to 10 bits
· CSR(Codebook subset restriction) definition
· CRI reporting test for CSI Class B K>1:
· CRI estimation accuracy
· MR functionality Test 
· PMI test for CSI Class B K=1 with W2 only feedback
Proposal1: Introducing following CSI test cases for FD-MIMO: 
· PMI test cases for CSI Class A
· CRI reporting test for CSI Class B K>1
· MR functionality test
· PMI test for CSI Class B K=1 with W2 only feedback
In next sections, test cases are proposed based on such principles: 
· Reuse legacy methodologies for CSI test such as test method, test metric and test scenarios as much as possible
· Test feasibility
· Test coverage to ensure UE meet CSI measurement accuracy requirements under typical deployment scenarios and corner cases
· Considering reasonable configurations according real network scenarios 
· Receiver implementation agnostic.
2.2 PMI test cases for Class A	
In this section, PMI test cases similar as Rel-10 8Tx PMI test and Rel-12 4Tx Dual-stage codebook PMI test are proposed to validate PMI estimation for Class A with new codebook which target for 2D antenna arrays.
The same test metric as Rel-10 8Tx PMI test and Rel-12 4Tx Dual-stage codebook PMI test could be re-used, i.e.:
· 
Relative throughput ratio: , absolute throughput ratio between follow PMI and random PMI under FRC test
For FD-MIMO class A, a set of {8, 12, and 16} CSI-RS port can be supported and Rel.13 class A codebook is configured with 5 RRC parameters:
· Number of antennas in 2 dimensions: (N1, N2) = (8,1), (2,2), (2,3), (3,2), (2,4), (4,2)
· Codebook over sampling rate in 2 dimensions: (O1,O2)
	(N1,N2)
	(O1,O2) combinations

	(8,1)
	(4,-), (8,-)

	(2,2)
	(4,4), (8,8)

	(2,3)
	{(8,4), (8,8)} 

	(3,2)
	{(8,4), (4,4)} 

	(2,4)
	{(8,4), (8,8)} 

	(4,2)
	{(8,4), (4,4)} 


· Codebook-Subset-Selection Configuration:
· Config =1: (L1,L2) = (1,1) for rank 1-2 
· Config =2: (L1,L2) = (2,2) for rank 1-2 [square]
· Config =3: (L1,L2) = (2,2) for rank 1-2 [non-adjacent 2D beams/checkerboard]
· Config =4: (L1,L2) = (4,1), (1,4) for N1>=N2 and N1<N2 respectively for rank 1-2

Considering RAN4 work load and test effort, it’s not necessary to verify all the combinations with different antennas numbers, CSS configurations and over sampling rates. On the other side, considering maximum number of CSI-RS ports supported in Rel-13 is 16, we can choose the combination of (N1, N2) = (2, 4) as first priority to introduce PMI test cases. For CSS configuration, configuration 3: (L1,L2) = (2,2) can be selected to introduce test cases since with such configuration there are 2 beam groups in both vertical domain and horizontal domain. With configuration 3, UE need to select sub-beams in two domains through i2 index.
For codebook sub-sampling rate, (O1, O2) = (8, 8) which has largest codebook size can be selected to verify UE capability supporting maximum codebook size with largest candidate codebook sets. Regarding feedback mode both PUSCH 3-1 and PUSCH 1-2 can be introduced for single PMI and multiple PMI test cases.
Furthermore, new MIMO channel for 8*2, 12*2 and 16*2 which close to 2D planar antenna array and 3D channel model for SLS meanwhile suitable for defining RAN4 performance and TE implementation need to be further considered.
In order to randomize beam directions in both vertical and horizontal domains, similar approach as Beam steering approach specified in TS36.101 B.2.3A.4 for 8Tx and 4Tx dual-stage codebook PMI test case can be reused.



corresponding to steering matrix in 2 domains.

2.3 CRI reporting test for CSI Class B K>1
CRI is a new CSI reporting content which corresponding to CSI-RS resource indicator to select NZP-CSI-RS resource. UE need to feedback CRI to select one out of K beams, and based on such selected NZP CSI-RS resource to estimate CQI, PMI and RI.
Regarding CRI reporting accuracy test, two approaches can be further considered:
Alt1: Fixed channel beam direction during test
· Configured K NZP CSI-RS resources with different beam-directions in vertical domain
· Fixed channel beam direction corresponding kth NZP CSI-RS resource
· Test metric: Distribution of CRI reporting index i.e. over [90%] probability reported CRI index equal to target beam-index k
Alt2: channel beam direction steering during test
· Configured K NZP CSI-RS resources with different beam-directions in vertical domain
· Beam direction in vertical domain was randomized and slow steering in time domain within the set of beam direction of configured K NZP CSI-RS resources similar as Beam steering approach specified in TS36.101 B.2.3A.4
· Test metric: Throughput ratio between following CRI/CQI reporting with configured K NZP CSI-RS resources with different beam-directions in vertical domain and follow CQI with fixed NZP CSI-RS resource from the sets of NZP CSI-RS resources
The number of antenna ports for NZP CSI-RS resource and CSI feedback mode need to be further discussed.
2.4 MR functionality Test 
A static CQI test can be used to verify UE following NW configuration when calculation CSI for both channel part and interference part.
This test could be similar to FeICIC static CQI definition in Rel-11, the same test metrics could be re-used, i.e.
1) Delta CQI: Delta CQI values between two CSI measurement sub-frames sets

Assuming X=1 and Y=1 which means UE can only use 1 NZP CSI-RS sub-frame and CSI-IM sub-frame for CSI computation both channel part and interference part. Then we can apply different transmitted power for NZP CSI-RS and different interference levels to generate different SNR levels in adjacent CSI sub-frame.
As shown in table 1 below, different transmitted power and interfere levels were configured in different CSI sub-frame sets i.e.:
· NZP CSI-RS configured in SF#2/7 with 5ms periodicity 
· CSI sub-frame set1: SF#2,#12,#22… with 10ms periodicity
· CSI sub-frame set2: SF#7,#17,#27… with 10ms periodicity


Then SNR for CSI sub-frame set1 equal to:  and SNR for CSI sub-frame set2 equal to: . Assuming P1 is larger 3~6 dB than P1, no interference for CSI sub-frame set1 as Iot1 is equal zero and Iot2 is equal to Noc. Then delta SNR between adjacent CSI sub-frames is over 6 dB.
If UE follow measurement restriction, delta CQI between two CSI measurement set will larger than 2(considering 3dB one CQI step size). If UE improperly apply averaging between adjacent CSI-RS sub-frames, then UE will fail the delta CQI requirement. 
	
	NZP CSI-RS resource 1
	CSI-IM

	CSI Subframe1
	P1
	Iot1

	CSI Subframe2
	P2
	Iot2



3 Conclusion
In this contribution, we analyze CSI test case design for Rel-13 FD-MIMO. Firstly, we analyze CSI test cases scope:
Proposal1: Introducing following CSI test cases for FD-MIMO: 
· PMI test cases for CSI Class A
· CRI reporting test for CSI Class B K>1
· MR functionality test
· PMI test for CSI Class B K=1 with W2 only feedback
Then we give some initial analyze for detailed test case design.
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