3GPP TSG-RAN WG4 #78bis
R4-161779
San Jose del Cabo, Mexico, 11th – 15th Apr 2016
Agenda item:
6.14.4
Source: 
Qualcomm Incorporated
Title: 
CRI feedback test for EB/FD-MIMO CSI class B with K>1
Document for:
Discussion
1. Introduction
In RAN4 #78, 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. 
· Introduce CRI test case for Class B K>1
· 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.
· Alt.2: Check throughput ratio only.
· Option 2: One throughput test with multiple CSI-RS resources and check CRI statistics. 
· Other options will not be precluded.
· Beamforming model
· Option 1: Dynamic power scaling 
· Option 2: CSI-RS resource specific beamforming and beam steering channel model 
In this contribution, we provide further analysis on UE capability for CSI class B and our view on open issues for CRI feedback test framework for CSI class B with K>1. 
2. Discussion
2.1. UE capability for CSI class B
RAN1 discussed Rel-13 UE feature list and sent out LS [2]. For FD-MIMO CSI class B, feature group 4-2 (Class B CSI reporting) is specified with following components. 
1) K>1 NZP CSI-RS resources configuration and CRI reporting (for P-CSI and A-CSI). The max total number of NZP CSI-RS ports (summed across K resources) Nmax: {8, 16, 32, [64]}

2) K=1 NZP CSI-RS resource, PMI.Config (=1 or 2), codebooks for PMI.Config = 1, and associated P-CSI and A-CSI modes
Based on RAN1 input, RAN2 had e-mail discussion on FD-MIMO UE capability and agreed on capability signaling 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}


 
In [3], n-MaxList is elaborated as below. 
n-MaxList
The UE shall signal k-Max minus 1 bits. The first bit indicates n-Max2, with value 0 indicating 8 and value 1 indicating 16. The second bit indicates n-Max3, with value 0 indicating 8 and value 1 indicating 16. The third bit indicates n-Max4, with value 0 indicating 8 and value 1 indicating 32. The fourth bit indicates n-Max5, with value 0 indicating 16 and value 1 indicating 32. The fifth bit indicates n-Max6, with value 0 indicating 16 and value 1 indicating 32. The sixth bit indicates n-Max7, with value 0 indicating 16 and value 1 indicating 32. The seventh bit indicates n-Max8, with value 0 indicating 16 and value 1 indicating 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, Ntotal =16}, UE can be configured with 1 CSI-RS resource with 8 CSI-RS ports and 2 CSI-RS resource with 4 CSI-RS ports, i.e., N1=8, N2=4, N2=4. Table 2 shows potential split of CSI-RS ports for different UE capability. 
Table 2. Allocation of CSI-RS ports for K>1 CSI-RS resources
	K=2, Nmax=8
	{4, 4}
	K=2, Nmax=16
	{8, 8}

	K=3, Nmax=8
	{2, 2, 4}
	K=3, Nmax=16
	{4, 4, 8}

	K=4, Nmax=8
	{2, 2, 2, 2}
	K=4, Nmax=32
	{8, 8, 8, 8}

	K=5, Nmax=16
	{2, 2, 4, 4, 4}
	K=5, Nmax=32
	{4, 4, 8, 8, 8}

	K=6, Nmax=16
	{2, 2, 2, 2, 4, 4}
	K=6, Nmax=32
	{4, 4, 4, 4, 8, 8}

	K=7, Nmax=16
	{2, 2, 2, 2, 2, 2, 4}
	K=7, Nmax=32
	{4, 4, 4, 4, 4, 4, 8}

	K=8, Nmax=16
	{2, 2, 2, 2, 2, 2, 2, 2}
	K=8, Nmax=32
	{4, 4, 4, 4, 4, 4, 4, 4}


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

· Capability is indicated by k-Max and n-MaxList. 
· For each 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 {1,2,4,8} and be different between CSI-RS resources. 
Proposal 1. CRI feedback test should be specified for all possible {K, Nmax} combination so that UE with any capability can be tested. 
For given UE capability of k-Max and n-MaxList, there are multiple {K, Nmax} candidates for which test can be applied. From UE conformance point of view, it would be sufficient to apply one test with configuration that requires highest receiver processing. For the example UE with k-Max=4 and n-MaxList=110, it would be desirable to select {K=3, Nmax=16}. 
Proposal 2. RAN4 should specify a test applicability rule to select one {K, Nmax} combination when UE declares CSI class B capability. 
2.2. Beamforming model

In RAN4 #78, two proposals were provided for beamforming model for multiple CSI-RS resources [4][5]. 

· 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 max{Nk} antenna at eNB while option 2 requires 16 antenna at eNB. Since Nk is selected from {1, 2, 4, 8}, max{Nk} can be up to 8 depending on configuration. Therefore, option 1 requires smaller number of Tx antenna in the test set up. 
· With option 1, each CSI-RS resource can have arbitrary number of Nk. However, Nk should be same for all K CSI-RS resources in option 2. Therefore, option 2 can not support most of cases in table 2. 
· 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. According to [5], N1=2 for K=8 and Nmax=64. With only 2 antenna in vertical direction, beam power separation would be very samll if we have to fit 8 beams. With option 2, we can still have good separation of beam power even for 8 beams. 
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Proposal 3. Employ beamforming model based on dynamic power scaling. 

For beam power variation, we would like to propose following for further RAN4 evaluation. 
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Figure 1. Beam power variation for K=4

According to table 2, there are multiple cases where different number of CSI-RS ports are configured on different CSI-RS resources. Since UE will select CSI-RS resource that can provide maximum SNR after beamforming, it is desirable to have same post-beamforming power among all configured CSI-RS resources. This can be achieved by modifying 
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setting as shown in table 3. 
Proposal 4. Modify 
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 setting to achieve same post-beamforming power as shown in table 3. 

Table 3. Modified 
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 setting to achieve same post-beamforming power
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2.3. Test methodology and test metric
For test methodology and test metric, following options were identified in RAN4 #78 meeting. 
· 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.
· Alt.2: Check throughput ratio only.
· Option 2: One throughput test with multiple CSI-RS resources and check CRI statistics. 
In CSI class B with K>1, CSI feedback consists of two steps. First step is to select CSI-RS resource that can provide best downlink throughput and second step is to estimate legacy CSI (RI, PMI, CQI) based on CSI measurement on selected CSI-RS resource. UE will provide both CRI and legacy CSI feedback to the network. Therefore, simply checking CRI statistics would not be enough for verification of proper CSI feedback implementation. In option 1, PDSCH throughput is measured with single and multiple CSI-RS resource configuration and check PDSCH throughput ratio between them. With multiple CSI-RS resource configuration, if UE provides correct CRI feedback and PDSCH is scheduled according to CRI feedback, PDSCH throughput will be determined by maximum beam power among multiple beams. On the other hand, with single CSI-RS resource configuration, PDSCH throughput will be determined by beam power of one beam. On top of throughput ratio metric, we can further consider introducing CRI statistics metric such as “Probability of CRI feedback for each CSI-RS resources should be greater than TBD threshold”. 
Proposal 5. Specify CRI feedback test based with following test metric. 

· PDSCH throughput ratio between multiple and single CSI-RS resource configuration should be greather than TBD threshold. 

· Probability of CRI feedback for each CSI-RS resource should be greater than TBD threshold. 
2.4. Test configuration
We propose to specify CRI feedback test with following test configuration. 

· UE declares CSI class B capability in terms of k-Max and n-MaxList. 

· Determine 
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 , by using test applicability rule and table 2. 
· Set up static channel between eNB and UE. For 
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for 4x2 static channel, connect antenna 0 and 2 so that resulting 2x2 channel has channel matrix 
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for 8x2 static channel, connect antenna 0,1,4 and 5 so that resulting 4x2 channel has channel matrix 
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· Configure 
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 CSI-RS resources with 
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 CSI-RS ports. 
· Beam power of 
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beams are varied over time as shown in figure 1. 
· 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. PMI and RI are fixed by codebook subset restriction. 
· PDSCH throughput is measured with 
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CSI-RS resource configuration and one CSI-RS resource configuration. 

· Record CRI feedback statistics during test with 
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CSI-RS resource configuration. 
Proposal 6. Specify CRI feedback test with TM9 rank 1 transmission in static channel. PDSCH transmission is based on CRI and wideback CQI feedback while PMI and RI are fixed by codebook subset restriction. 
3. Conclusions

In this contribution, we provided further analysis on UE capability and our view on open issues for CRI feedback test framework 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 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 {1,2,4,8} and be different between CSI-RS resources. 

Proposal 1. CRI feedback test should be specified for all possible {K, Nmax} combination so that UE with any capability can be tested. 

Proposal 2. RAN4 should specify a test applicability rule to select one {K, Nmax} combination when UE declares CSI class B capability. 

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

Proposal 4. Modify 
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 setting to achieve same post-beamforming power as shown in table 3. 

Table 3. Modified 
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Proposal 5. Specify CRI feedback test based with following test metric. 

· PDSCH throughput ratio between multiple and single CSI-RS resource configuration should be greather than TBD threshold. 

· Probability of CRI feedback for each CSI-RS resource should be greater than TBD threshold. 

Proposal 6. Specify CRI feedback test with TM9 rank 1 transmission in static channel. PDSCH transmission is based on CRI and wideback CQI feedback while PMI and RI are fixed by codebook subset restriction. 
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