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1 Introduction

In last RAN4 meeting, such agreements were reached for Class B K>1:

· Test applicability
· In Rel-13 time frame, only introduce test case under TM9 with 1 CC
· Introduce a subset of test cases with different (K, Nmax)
· At least including (K,Nmax )= (2,8), FFS for (8,64), other possible configurations are FFS
· The detailed applicability rule based UE capability is FFS
· Test methodology 

· Option 1: One throughput test with single CSI-RS resource and another throughput test with multiple CSI-RS resources.  
· Alt.1: Check both CRI statistics and throughput ratio between following CRI and fixed CRI. 
· MCS selection and PMI selection FFS

 

· Other options will not be precluded. 

· Beam-forming model 
· Option 1: Dynamic power scaling 
· 
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 with A = [0.8],B=1   (As example) 

· Option 2: CSI-RS resource specific beam-forming and beam steering channel model 
In this contribution, we provide overview on test case design for Class B K>1 CRI test.
2 Discussion
2.1 Test Case Design
Test applicability 

Following RAN1 agreements, Number of CSI-RS resources K and total number of CSI-RS ports Ntotal across all configured CSI-RS resources were based on UE capability. UE capability signaling for max supported number of CSI-RS resources per CSI process ranging from 1 to 8 will be introduced. UE capability signaling for maximum supported total number of CSI-RS ports per CSI process will be introduced with candidate values as {8,16,32,64}. A agreed in R2-163131, detailed RRC signaling as below:
1) Per UE:  1-bit indicating whether to support the alternative codebook (for K=1 case only) 

2)  Per UE per band per band-combination P times (for 1, …, P CSI processes)

· 3-bit Kmax (Kmax = {2,3,4,5,6,7,8})

· 1-bit Nmax configuration (2 possible values) per K value, from K=2,…, Kmax. The two Nmax values for each K is given as follows 

	K
	2
	3
	4
	5
	6
	7
	8

	Nmax
	{8,16}
	{8,16}
	{8,32}
	{16,32}
	{16,32}
	{16,32}
	{16,64}


Following such capability signaling structure, if we want to cover all the possible UE capability, meanwhile test each type UE with corresponding maximum capability combination (Nmax and Kmax), and then we need to introduce plenty of test cases.
First of all, combinations of (K,N) which corresponding to minimum/maximum capability need to be introduced considering test coverage. From UE processing complexity aspect, number of CSI-RS resources will impact channel estimation complexity and total number of CSI-RS port will impact both channel estimation complexity and codebook selection complexity. Considering processing complexity strongly depends on maximum ports that UE supported, we proposed to introduce separate test case based on number of total CSI-RS ports (8, 16, 32, and 64). 
Then considering introducing minimum test cases with test coverage as much as possible, we propose to pick up minimum K value corresponding specific values of Nmax. For example, across configuration list, K=2, 3,5,6,7 and 8 can support Nmax =16. Then we introduce test case for (K, N) = (2, 16). Considering if UE can support same Nmax value under larger number of CSI-RS resources, it’s straightforward that UE can support such Nmax with less number of CSI-RS resources. Following above analysis, we can select K=4 for Nmax =32 case.
Based above analysis, I would like to narrow down combination (K, Ntotal) as below:

	Test number 
	#1 
	#2 
	#3 
	#4

	(K, Ntotal) 
	(2,8) 
	(2,16) 
	(4,32) 
	(8,64) 


Then based on UE capability, we can pick up one of these combinations which have maximum capability to pass:
· Based on UE capability, each UE pick up one (K, Ntotal) combination to pass.
· According to maximum number of Nmax across UE supported configuration list upper to Kmax, select corresponding (K, Ntotal) to test.
For example, if Kmax =3, such possible configuration list supported 
· UE support K=3, with (2,16), (3,16), then pass (2,16) 

· UE support K=3, with (2,16), (3,8) then pass (2,16) 

· UE support K=3, with (2,8), (3,16) then pass (2,8). We don’t believe such kind of UE exists in reality. Considering if UE support Nmax as 16 with 3 CSI-RS resources, it’s  straightforward that UE can support Nmax as 16 with 2 CSI-RS resources since UE processing complexity is less with less number of CSI-RS resources under same number of total CSI-RS ports.
Proposal1: Introducing separate test cases based on total number of CSI-RS ports (Nmax), and for each number of Nmax, pick up minimum K value for the configuration list. Totally 4 test cases will be introduced in specs as below.
	Test number 
	#1 
	#2 
	#3 
	#4

	(K, Ntotal) 
	(2,8) 
	(2,16) 
	(4,32) 
	(8,64) 


· Based on UE capability, each UE pick up one test case to pass.

· select (K, Ntotal) according to maximum number of Nmax across UE supported configuration list upper to Kmax
Test Metric

As agreed in last RAN4 meeting, for CRI test both CRI statistics and throughput ratio between following CRI and fixed CRI will be introduced. For MCS selection and PMI selection is FFS, generally two options can be considered:
· Alternative 1: VRC Test: similar as CQI test, PDSCH transmission following UE reported CQI and during test PMI was fixed through codebook restriction.
· Alternative 2: FRC Test: similar as PMI test, PDSCH transmission following a pre-defined fixed reference channel with fixed MCS, during test PMI was followed UE reported with beam-steering in channel. 
For CSI Class B with K>1 (cell-specific beam-formed CSI-RS), 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. A CSI process is associated with K CSI-RS resources, with Nk ports for the kth CSI-RS resource.  In order to verify proper beam selection based on different CSI-RS resources, we need to apply beam-steering in channel and verify PMI selection accuracy in this test. Furthermore, in order to verify CRI reporting is not based energy level detection, applied different codebook subset restrictions for different CSI-RS resources need to be further considered. It’s more feasible to introduce PMI adaption under FRC test. Also from test simplicity, it’s straightforward to introduce FRC test to verify CRI reporting accuracy. 
Proposal 2: Introducing CRI test under FRC with PMI adaption.
Proposal 3: Introducing below test metric definition for tthroughput ratio between following CRI and fixed CRI:
· 
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·  Applying beam steering into MIMO channel

· During test, following UE reported PMI i1,i2

· For 
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 : throughput  following the UE reported CRI

·  Configured multiple (K) CSI-RS resources with Class B K>1 CSI reporting
· For 
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· Class B K=1 with PMI-config =0: Configured 1 CSI-RS resource with fixed CRI i.e. CRI =0
· Considering with multiple CSI-RS resources or 1 CSI-RS resource, CSI-RS REs overhead in CSI-RS SFs is different. In order to avoid FRC mismatch, scheduled PDSCH was skipped CSI-RS SFs for this test metric.
Test Method 

Methodology 1: specific beam-forming vector for each CSI-RS resource combined with beam steering channel model
Applying different beam-directions in vertical domain for each configured K NZP CSI-RS resources. For MIMO channel: 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. 
Step1: Introducing 2D channel model with beam steering, the vertical beam direction was slowly rotated between [0~2PI] as specified in TS36.101 B.2.3A.4. 
· Assuming Mtotal antennas with (N1, N2, P) 2D planar antenna array at eNB side.
· Total physical antennas is fixed as 16 with (N1,N2,P)
· N2=Nk/2 corresponding to number of antennas in horizontal direction with the same polarization
· N1 = 16/Nk corresponding to number of antennas in vertical direction with the same polarization
Step2: Applying separate beamforming vector for each CSI-RS resource

· For kth CSI-RS resource, each antenna port p was mapped to N1 physical antennas in vertical domain with vertical beam-forming weights, mapping to physical antenna indexes as 
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· Beam-forming matrix in vertical domain is corresponding to
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· K corresponding to number of configured CSI-RS resources

· Nk corresponding to number of number of CSI-RS ports

· k corresponding to CSI-RS resource index
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Step 3: Introducing Beam-forming Model for data/DMRS as below

· Beam-forming matrix for data/DMRS can be specified as below:
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· 
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 is precoding matrix based on existing 8Tx or 4Tx dual codebook , 
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 as PMI indexes corresponding to specific test 
· 
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 corresponding to a specific test depending vertical beam-forming method:
· For following UE reporting CRI , then 
[image: image20.wmf]CRI

=

¢

k


· For fixed vertical beam direction , then 
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equal to fixed value i.e. 0
· For random vertical beam direction , then 
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random selected between [0 ~ K-1]
· For beam direction in horizontal domain and co-phase between two cross polarization groups, either fixed precoder through fixed PMI (i1,i2 ) by codebook set restriction or following UE reporting PMI values  (i1,i2 ) can be considered depending on test metric.
Methdology2: Power scaling Method 
Since beamforming information on each CSI-RS resource is transparent to UE, power scaling of received power for each CSI-RS resource is a simplified way to verify UE properly selecting CRI.
Step1: Resuing existing 1D cross polarized antenna array i.e. 4Tx/8Tx XP High Channel 
· Physical antennas number equal to Nk (Number of CSI-RS port for each configured CSI-RS resource)
Step2: Applying separate power scaling factor for each CSI-RS resource: for kth CSI-RS resource, each antenna port was mapping to corresponding physical antenna with specific power scaling factor
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· j corresponding to physical antenna index, j ={0,1,2,…,Nk-1 }
· k corresponding to CSI-RS resource index (k= {0,1,2,…,Kmax-1})
· 
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 corresponding to power scaling factor for kth CSI-RS resource
· 
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  with A = 0.8,B=1
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Step 3: Introducing Beam-forming Model for data/DMRS as below

· Beam-forming matrix for data/DMRS can be specified as below:
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· 
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 corresponding to a specific test depending power scaling selection method:
· For following UE reporting CRI , then 
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· For fixed power scaling , then 
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equal to fixed value i.e. 0
· For random power scaling, then 
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random selected between [0 ~ K-1]
· For beam direction in horizontal domain and co-phase between two cross polarization groups, either fixed precoder through fixed PMI (i1,i2 ) by codebook set restriction or following UE reporting PMI values  (i1,i2 ) can be considered.
2.2 Simulation results
Following proposed test method in last chapter, absolute throughput performances with different test methods and were evaluated.
To be updated…………………..
3 Conclusion

In this contribution, we give detailed test case design for CSI Class B K>1 CRI test.
Proposal1: Introducing separate test cases based on total number of CSI-RS ports (Nmax), and for each number of Nmax, pick up minimum K value for the configuration list. Totally 4 test cases will be introduced in specs as below.

	Test number 
	#1 
	#2 
	#3 
	#4

	(K, Ntotal) 
	(2,8) 
	(2,16) 
	(4,32) 
	(8,64) 


· Based on UE capability, each UE pick up one test case to pass.

· select (K, Ntotal) according to maximum number of Nmax  across UE supported configuration list upper to Kmax
Proposal 2: Introducing CRI test under FRC with PMI adaption.

Proposal 3: Introducing below test metric definition for tthroughput ratio between following CRI and fixed CRI:

· 
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·  Applying beam steering into MIMO channel

· During test, following UE reported PMI i1,i2

· For 
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 : throughput  following the UE reported CRI

·  Configured multiple (K) CSI-RS resources with Class B K>1 CSI reporting

· For 
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 : throughput  with fixed CRI

· Class B K=1 with PMI-config =0: Configured 1 CSI-RS resource with fixed CRI i.e. CRI =0

· Considering with multiple CSI-RS resources or 1 CSI-RS resource, CSI-RS REs overhead in CSI-RS SFs is different. In order to avoid FRC mismatch, scheduled PDSCH was skipped CSI-RS SFs for this test metric.

Furthermore, we provided simulation results with proposed methods and different scenarios. Based on simulation results:
Observation: ……..
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