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1. Introduction
In RAN4 #78bis, there was further discussion on performance requirements of Rel-13 FD-MIMO feature and WF in [1] was agreed. For CSI class B with K>1, RAN4 agreed on following. 
· 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.
· Beamforming model 
· Option 1: Dynamic power scaling 
·      
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   with A = [0.8],B=1   (As example)
· Option 2: CSI-RS resource specific beamforming and beam steering channel model 
In this contribution, we provide further discussion on remaining issues for CRI feedback test for CSI class B with K>1. 
2. Discussion
2.1. UE capability for CSI class B
RAN2 agreed on capability signaling for CSI class B based on k-Max and n-MaxList. k-Max indicates maximum number of CSI-RS resources that can be configured for given CC. n-MaxList indicates total number of CSI-RS ports for each k as shown in table 1. 
Table 1. Capability signaling for (k, Nmax) for CSI class B with K>1

	K
	2
	3
	4
	5
	6
	7
	8

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


 
For example, if UE indicates k-Max=4 and n-MaxList=110, UE can be configured with {k=2, Nmax=16}, {k=3, Nmax =16} or {k=4, Nmax =8}. Note that number of CSI-RS ports in each CSI-RS resource can be any number from {1,2,4,8}. For {K=3, Nmax =16}, UE can be configured with 1 CSI-RS resource with 8 CSI-RS ports and 2 CSI-RS resources with 4 CSI-RS ports. 
Observation 1. UE capability for CSI class B is defined per CC. 

· Capability is indicated by k-Max and n-MaxList. 
· For each 2≤k≤k-Max, 1 bit flag is provided by n-MaxList to select Nmax. 
· Number of CSI-RS ports in each CSI-RS resource can be any number from {2,4,8} and be different between CSI-RS resources. 
Since it is challenging to specify tests for all combination of {K, Nmax}, RAN4 agreed to specify tests for subset of {K, Nmax} combination. To come up with a rule to select subset and applicability rules, we first would like to analyze UE’s CSI processing complexity. UE processing for CSI calculation usually consists of
· CSI-RS channel estimation 

· Noise/interference covariance matrix estimation

· Effective CINR calculation and RI/PMI/CQI derivation
Channel estimation for CSI-RS is usually performed independently for each CSI-RS port and thus its complexity is linearly dependent on number of CSI-RS ports. 
UE estimates noise/interference covariance matrix from CRS in TM9 and from CSI-IM in TM10. Since it was agreed to define the test with TM9, we need to consider noise/interference covariance matrix estimation from CRS. Since UE is supposed to estimate single noise/interference covariance matrix, UE processing for noise/interference covariance matrix estimation is independent of UE capability of {K, Nmax}. 
For each CSI-RS resource, computational complexity of effective CINR and RI/PMI/CQI is dependent on number of CSI-RS ports, which could be 2, 4 or 8. Main factor that affects UE processing is number of PMI candidates, which is shown in Table 2. We can observe that number of PMIs increases by a factor of 4 or 8 when number of Tx antenna increases from 2 to 4. When number of Tx antenna increases from 4 to 8, number of PMIs increases by a factor of 16. 
Based on above analyses, let’s compare computation complexity for {K, Nmax}={2, 16} and  {K, Nmax}={3, 16}. 
· UE processing for CSI-RS channel estimation and noise/interference covariance matrix estimation is same for two cases. 

· For {K, Nmax}={2, 16}, UE needs to calculate effective CINR and RI/PMI/CQI for two CSI-RS resources with 8 CSI-RS ports. For {K, Nmax}={3, 16}, UE needs to calculate effective CINR and RI/PMI/CQI for one CSI-RS resource with 8 CSI-RS ports and two CSI-RS resources with 4 CSI-RS ports. Since computation for one CSI-RS resource with 8 CSI-RS ports is higher than that for two CSI-RS resources with 4 CSI-RS ports, {K, Nmax}={2, 16} requires more processing than {K, Nmax}={3, 16}. 
Table 2. Number of PMIs

	
	2 Tx antenna
	4 Tx antenna
	8 Tx antenna

	Rank 1
	4
	16
	256

	Rank 2
	2
	16
	256


Similarly we can show that UE processing for CSI calculation for {K, Nmax}={2, 16} is higher than that for {K, Nmax}={5, 16}, {K, Nmax}={6, 16}, {K, Nmax}={7, 16} and {K, Nmax}={8, 16}. In the same way, we can show that UE processing for CSI calculation for {K, Nmax}={4, 32} is higher than that for {K, Nmax}={5, 32}, {K, Nmax}={6, 32} and {K, Nmax}={7, 32}. 
Based on these observation, we would like to propose following for {K, Nmax} subset for which test cases are to be defined and test applicability rule. 
Proposal 1. Define CRI test for CSI class B K>1 for {K, Nmax}={2, 8}, {K, Nmax}={2, 16}, {K, Nmax}={4, 32} and {K, Nmax}={8, 64}. 

Proposal 2. Adopt following applicability rule to determine {K, Nmax}. 

· Determine 
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2.2. Beamforming model

For beamforming model for multiple CSI-RS resources, we still have two options on the table. 
· Option 1: Dynamic power scaling
· Option 2: CSI-RS resource specific beamforming and beam steering channel model 
Option 1 is to emulate beamforming for multiple beams by artificial power variation. On the other hand, option 2 is to emulate beamforming by applying CSI-RS specific precoding in vertical domain and beam steering in channel model. Here is comparison between these two options. 
· Option 1 requires Nmax antenna at eNB while option 2 requires 16 antenna at eNB. Since Nmax is selected from {4, 8}, Nmax can be up to 8 depending on configuration. Therefore, option 1 requires smaller number of Tx antenna in the test set up. 
· In option 1, we can use static channel as propagation channel while fading channel is proposed in option 2. 
· With option 2, beam resolution is determined by N1, i.e., number of antenna in vertical direction. With small number of in vertical direction, beam power separation would be very small if we have to fit 8 beams. With option 2, we can still have good separation of beam power even for 8 beams. 
Proposal 3. Employ beamforming model based on dynamic power scaling. 

3. Conclusions

In this contribution, we provide further discussion on remaining issues for CRI feedback test for CSI class B with K>1. Our observations and proposals are

Observation 1. UE capability for CSI class B is defined per CC. 

· Capability is indicated by k-Max and n-MaxList. 

· For each 2≤k≤k-Max, 1 bit flag is provided by n-MaxList to select Nmax. 

· Number of CSI-RS ports in each CSI-RS resource can be any number from {2,4,8} and be different between CSI-RS resources. 

Proposal 1. Define CRI test for CSI class B K>1 for {K, Nmax}={2, 8}, {K, Nmax}={2, 16}, {K, Nmax}={4, 32} and {K, Nmax}={8, 64}. 

Proposal 2. Adopt following applicability rule to determine {K, Nmax}. 

· Determine 
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Proposal 3. Employ beamforming model based on dynamic power scaling. 
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