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1. Introduction
With the completion of RAN1 WI on eFD-MIMO in RAN1 #88 meeting, RAN4 needs to define the performance requirement for the new features introduced in eFD-MIMO and their correponding test plans.

In this contribution, we review the Rel. 14 eFD-MIMO enhancements of hybrid CSI and propose a test framework based on their implication to the CSI feedback performance requirement.
2. Rel. 14 eFD-MIMO Hybrid CSI
As a part of WI for eFD-MIMO, RAN1 design has introduced a CSI reporting mechanism to support joint utilization of different CSI-RS types at UE, called hybrid CSI. A CSI process of the UE supporting hybrid CSI can be configured with two different eMIMO-Types, eMIMO-Type and eMIMO-Type2, to be used for long-term and short-term CSI report, respectively. Depending on the type of eMIMO Class combination, two different mechanisms are defined for hybrid CSI as shown in Table 1.
Table 1 Supported Hybrid CSI Mechanism
	
	eMIMO-Type (1st)
	eMIMO-Type2 (2nd)

	
	Class
	Reporting content
	Class
	Reporting content

	Mechanism 1
	CLASS A
	i1  (and additional 1-bit for RI only if UE supports more than two layers)
	CLASS B w/ K=1
	CQI, PMI, RI

	Mechanism 2
	CLASS B w/ K>1
	CRI
	CLASS B w/ K=1
	CQI, PMI, RI


In case of mechanism 2, the total number of CSI-RS resources and antenna ports that can be configured across eMIMO-Type and eMIMO-Type2 is still limited by Rel.13 UE capability of Kmax and Nmax, respectively.
CSI content for the first and second eMIMO-Types are computed independently, and at any point of the time, UE calculates CSI for only one of the two eMIMO types configured for hybrid CSI.

Both periodic and aperiodic CSI report is supported in hybrid CSI. For periodic CSI report, the corresponding reporting mode is only configured to the second eMIMO type. High layer signalling of cqi-pmi-ConfigIndex, ri-ConfigIndex is applicable only for eMIMO-Type2. For the first eMIMO type, the periodicity and the subframe offset for i1 (and RI) reporting in mechanism 1, or CRI reporting is mechanism 2, is determined by the high-layer signalled pmi-ri-ConfigIndex or cri-ConfigIndex, respectively, where the actual mapping rule from the configured index to the multiplicity factor and the subframe offset remains identical across the two mechanisms as shown below.
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Actual reporting periodicity and subframe offset for the first eMIMO type is derived with respect to the periodicity and subframe offset of RI of the second eMIMO type for PUCCH 1-1/2-1 mode (and similarly from that of wideband CQI for PUCCH 1-0/2-0 modes). When CSI report for the first and second eMIMO type collides in hybrid CSI, the reporting for the second eMIMO type has lower priority and shall be dropped.
For aperiodic CSI report, the reporting can be triggered either one of the two eMIMO types, where legacy Rel.13 CSI request field is re-used to jointly indicate the triggerred eMIMO-Type and the CSI processes. Similar to the periodic reporting, aperiodic CSI report mode is configured only for the second eMIMO type and the reporting content of the first eMIMO type remains fixed. For any of the aperiodic CSI reporting mode, for the first eMIMO type, UE shall not transmit CQI/i2 (and also RI when UE supports no more than 2 layers) in case it is configured with Class A, and similarly shall transmit CQI/PMI/RI if configured with Class B with K>1. In order to avoid the CSI measurement window overlapping across different eMIMO-Types, UE is not required to update the CSI of the second eMIMO type in the aperiodic CSI report in the vicinity of the CSI-RS transmission of the first eMIMO type, where the actual exempted interval for the second eMIMO type CSI update is from ncqi_ref-1 subframes before or ncqi_ref  subframes after the CSI-RS subframe of the first eMIMO type.
Finally from UE CSI-RS processing perspective, the change in the reported CSI, either i1 or CRI, of the first eMIMO type may imply the change in the subsequent beamforming applied to the CSI-RS resources in the second eMIMO type. Therefore, UE should be able to cope with such beamforming change by properly resetting any filtering performed across CSI-RS resources assigned for the second eMIMO type.
3. Test Framework

Test framework for hybrid CSI should be able to verify

· UE performing correct CSI calculation for a CSI process configured with two different eMIMO types 
· UE supporting CSI reporting of both first and second eMIMO type based on their respective report periodicity/subframe offset
In order to properly differentiate the UE’s correct CSI feedback behaviour under hybrid CSI, the beamforming of the second eMIMO type in the test should be configured dynamically according to the actual UE’s CSI feedback, i.e., i1 (and RI) and CRI for the first eMIMO type of Class A and B, respectively.
From the test coverage point of view, our view is that testing only one of the two mechanisms should be sufficient. First of all, CSI calculation of individual eMIMO type of Class A and B is readily verified from existing Rel.13 FD-MIMO test. Other than CSI computation, the rest of the UE functionality for hybrid CSI including the derivation of the reporting period and offset for the first eMIMO type, the support for CSI reporting of both first and second eMIMO type, and any collision handling behaviour during CSI reporting remain common between the mechanism 1 and 2. To this end, we propose to define a PMI test only for hybrid CSI based on the mechanism 2. 
Proposal 1. To define a joint CRI/PMI test for the verification of the UE CSI feedback performance under hybrid CSI, with eMIMO-Type = “Class B” with K>1 and eMIMO-Type2 = “Class B” with K=1, where the accuracy of the reported CRI/PMI is jointly determined by 
a) The ratio of the throughput obtained when transmitting based on the reported CRI from the first eMIMO type and the reported PMI from the second eMIMO type, compared to that obtained when transmitting based on the fixed CRI and random PMI

b) CSI-RS resource for second eMIMO type is dynamically beamformed according to the CRI reported by UE from the first eMIMO type

Test configuration for the proposed CRI/PMI test is shown in Table 2.
Table 2 Joint PMI/RI test for hybrid CSI
	Parameter 
	Unit 
	Test 1       

	
	
	1st eMIMO Type
	2nd eMIMO Type

	Bandwidth 
	MHz 
	10

	Transmission mode 
	
	9

	Propagation channel 
	
	EPA5

	Beamforming model
	
	Annex B.4.6

	Precoding granularity 
	PRB 
	50

	Correlation and antenna configuration  (Note 1)
	
	4x2 XP High

	Cell-specific reference signals 
	
	Antenna ports 0,1

	eMIMO-Type
	
	Class B
	Class B

	K
	
	2
	1

	alternativeCodebookEnabledCLASSB_K1
	
	N/A
	FALSE

	Periodic NZP CSI-RS resources
	
	2
	1

	NZP-CSI-RS-ID-List for eMIMO-Type
	
	{0,1}
	{0}

	CSI reference signal configuration List 
	
	{0,1}
	{2}

	Number of CSI-RS ports 

(Nk) 
	
	{4,4}
	{4}

	CSI-RS-SubframeConfig  List  
	
	{16,16}
	{1}

	alternativeCodeBookEnabledFor4TX-r12
	
	FALSE
	FALSE

	Downlink power allocation
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	dB[mW/15kHz]
	-98

	Periodic Reporting mode 
	
	PUCCH 1-1  

	Reporting interval 
	ms 
	5

	CRI delay
	
	10
	N/A

	 PMI delay  
	ms 
	N/A
	10

	cqi-pmi-ConfigurationIndex
	
	2

	Ri-ConfigIndex
	
	1

	CRI-ConfigIndex
	
	322

	Measurement channel 
	
	TBD

	OCNG Pattern
	
	OP.1 FDD

	Rank Number of PDSCH 
	
	1

	Scheduled PDSCH SFs 
	
	SF 0,2,3,4,7,8,9

	Max number of HARQ transmissions 
	
	4

	Redundancy version coding sequence 
	
	{0,1,2,3}

	Note 1:
If the UE reports in an available uplink reporting instance at subrame SF#n based on CRI/PMI estimation at a downlink SF not later than SF#(n-4), this reported CRI/PMI cannot be applied at the eNB downlink before SF#(n+4).
Note 2:
PDSCH _RA= 0 dB, PDSCH_RB= 0 dB in order to have the same PDSCH and OCNG power per subcarrier at the receiver.


4. Conclusions

In this contribution, we reviewed the hybrid CSI design introduced in Rel.14 eFD-MIMO and proposed test case framework to verify the corresponding UE’s functionality.
Proposal 1. To define a joint CRI/PMI test for the verification of the UE CSI feedback performance under hybrid CSI, with eMIMO-Type = “Class B” with K>1 and eMIMO-Type2 = “Class B” with K=1, where the accuracy of the reported CRI/PMI is jointly determined by 

a) The ratio of the throughput obtained when transmitting based on the reported CRI from the first eMIMO type and the reported PMI from the second eMIMO type, compared to that obtained when transmitting based on the fixed CRI and random PMI

b) CSI-RS resource for second eMIMO type is dynamically beamformed according to the CRI reported by UE from the first eMIMO type
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