3GPP TSG-RAN WG4 Meeting #78
 R4-160071
Malta, Malta, 15 - 19 Feb, 2016
Agenda Item:
6.25.1
Source: 
Samsung
Title: 

Overview on UE performance requirements for FD-MIMO
Document for:
Approval
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. 
In last RAN4 meeting, a WF was agreed for FD-MIMO performance requirements:
· No UE RRM performance requirements for EBF/FD-MIMO WI in Rel-13.

· No new control channel performance requirements (PDCCH, PCFICH, PHICH, EPDCCH, PBCH) for EBF/FD-MIMO WI in Rel-13.

· Define the requirements to verify DMRS enhancement for EB/FD-MIMO 

· FFS: whether to use PDSCH demodulation test or CSI test 

· New CSI requirements need to be introduced at least for such purpose:

· CSI Class A with new codebook

· CSI Class B K>1 with CRI reporting

· It’s FFS whether new CSI test cases need to be introduced for measurement restriction functionality

· It’s FFS whether new CSI test case need to be introduced for CSI Class B K=1 with W2 only PMI feedback
In this contribution, we provide overview on UE performance requirements under FD-MIMO WI.
2 Discussion
2.1 Performance requirements cope
In last meeting, we already agreed that new CSI test cases were required for CSI class A and Class B with K>1. It’s FFS the necessity of introducing test cases for other features i.e. CSI class B and MR (measurement restriction). 

For CSI Class A (No pre-coded CSI-RS based on schemes), new PMI test cases need to be introduced to verify UE PMI estimation accuracy for new codebook design which target for 2D antenna arrays.  Also such PMI test cases can jointly verify new CSI-RS resource design and codebook sub-set restriction.

For CSI Class B (Beam-formed CSI-RS based on schemes), new CSI content CRI (CSI-RS resource indicator) is included in CSI report to select one out of K beams. CRI represents the index of a CSIRS resource within the K configured CSIRS resources. New CSI test case is required to verify CRI estimation accuracy. 
Whether using PDSCH demodulation test or CSI test to verify DMRS enhancement
In order to support higher dimensional MU-MIMO, additional ports for DMRS for MU transmission was introduced in Rel-13 FD-MIMO (with OCC =4). 4-bit DMRS configuration signalling in DCI was introduced for both TM9 and TM10 (1 bit is added to DCI formats 2C and 2D respectively).  With new DMRS configuration signalling, both OCC2 and OCC4 were supported with upper to 8-layer SU or MU-MIMO. New configuration table was show in table below.
Table 1. DMRS configuration

	One Codeword: Codeword 0 enabled， 

Codeword 1 disabled 
	Two Codewords: Codeword 0 enabled， 

Codeword 1 enabled 

	Value 
	Message 
	Value 
	Message 

	
	1 layer, port 7, nSCID=0 (OCC=2) 
	
	2 layers, ports 7-8, nSCID=0 (OCC=2) 

	
	1 layer, port 7, nSCID=1 (OCC=2) 
	
	2 layers, ports 7-8, nSCID=1 (OCC=2) 

	
	1 layer, port 8, nSCID=0 (OCC=2) 
	
	2 layers, ports 7,8, nSCID=0 (OCC=4) 

	
	1 layer, port 8, nSCID=1 (OCC=2) 
	
	2 layers, ports 7,8, nSCID=1 (OCC=4) 

	
	1 layer, port 7, nSCID=0 (OCC=4) 
	
	2 layers, ports 11,13, nSCID=0 (OCC=4) 

	
	1 layer, port 7,  nSCID=1 (OCC=4) 
	
	2 layers, ports 11,13, nSCID=1 (OCC=4) 

	
	1 layer, port 8, nSCID=0 (OCC=4) 
	
	3 layers, ports 7-9 

	
	1 layer, port 8, nSCID=1 (OCC=4) 
	
	4 layers, ports 7-10 

	
	1 layer, port 11, nSCID=0 (OCC=4) 
	
	5 layers, ports 7-11 

	
	1 layer, port 11, nSCID=1 (OCC=4) 
	
	6 layers, ports 7-12 

	
	1 layer, port 13, nSCID=0 (OCC=4) 
	
	7 layers, ports 7-13 

	
	1 layer, port 13, nSCID=1 (OCC=4) 
	
	8 layers, ports 7-14 

	
	2 layers, ports 7-8 
	
	

	
	3 layers, ports 7-9 
	
	

	
	4 layers, ports 7-10 
	
	


In order to verify DMRS enhancement with new DMRS configuration table and signalling, it’s agreed in last RAN4 meeting either using PDSCH demodulation test or jointly verified in CSI test case. The major motivation of CSI test cases was to verify CSI reporting accuracy and test metric for CSI test cases was relative throughput ratio. It’s better to verify DMRS enhancement as a dedicated demodulation test case with absolute throughput requirement. Furthermore, with new demodulation test case, we can jointly verify UE behaviour on rate matching to support CSI-RS enhancement and updated DCI bits information on control channel. 
Regarding detailed test case design, we prefer to replace one of existing TM9 DMRS demodulation test case with updated DMRS configuration signalling. 
Proposal1: Introducing PDSCH demodulation test case to verify DMRS enhancement 

· Replacing one of existing TM9 demodulation test case with updating DMRS configuration signalling. 

Necessity of introducing CSI test case for Class B K=1 with W2 only PMI feedback
For FD-MIMO, A CSI process can be configured with either of two CSI reporting classes, A or B (K>1 and K=1). For CSI class A, it’s aimed for no-precoded CSI-RS transmission schemes. CSI Class B with K> 1 and K=1 were corresponding to cell-specific beamformed transmission scheme and user-specific beamformed transmission scheme separately. Under CSI class B K=1, both legacy feedback and W2-only feedback were supported through RRC parameter “PMI-Config”. For W2 only feedback, new codebook was applied as: 
· Using all/components of W2 in Rel.13 class A codebook configuration 4 
· DFT vectors are replaced by column vectors of identity matrix

From UE implementation point of view, CSI estimation mechanism under W2 only feedback is different than legacy PMI feedback and CSI classes A PMI feedback. In order to verify UE properly reporting W2 to select micro-beam and co-phasing between two polarization groups under CSI Class B K=1, new test case was required for Class B K =1 with PMI-config 1.
Proposal2: Introducing PMI test case for CSI Class B K=1 with PMI-config 1 to verify UE properly report W2 to select micro-beam and co-phasing between two polarization groups.
Necessity of introducing CSI test case for measurement restriction functionality
MR (measurement restriction) was an independent feature introduced under Rel13 FD-MIMO WI for CSI calculation. One RRC parameter for channel measurement (for class B only) and one RRC parameter for interference measurement (for classes A&B) are provided to enable/disable MR. 
MR on channel is necessary in order to disable averaging of BF CSI-RS across sub-frames when eNB dynamically changes the beam-forming weights applied on a BF CSI-RS resource configured to a UE. Also MR on interference allows interference management at eNB and this enables transmission of high-order multi-user spatial multiplexing.
On the other side, in current RAN4 specification has minimal restriction on how a UE measures the channel status for generation of CSI. New CSI test case was required for measurement restriction functionality to verify UE properly following NW configuration to performance filtering between sub-frames for CSI measurement based on CSI-RS and IMR.

For TM10, MR was supported for both channel part and interference part, and for TM9, only measurement restriction for channel part was supported. Separate test cases were required for TM9 and TM10.
Proposal 3: Introducing CSI test case for measurement restriction functionality to verify following NW configuration when performing CSI measurement.
To summary, in order to verify all the features in Rel-13 FD-MIMO including CSI enhancement, DMRS enhancement, CSI Class A, Class B K>1, Class B K=1 and MR, such test cases were required:

Proposal 4: in generally, 1 demodulation test case and 5 CSI test cases as list below were required under Rel-13 FD-MIMO WI.
· 2 PMI test cases for Class A with new codebook

· Single PMI test case

· Multiple PMI test case

· CRI test case for Class B with K>1

· PMI test case for Class B with K=1 W2 only PMI feedback 

· One static CQI test for MR functionality 
Whether introducing 4Rx+FD-MIMO test cases?
4Rx performance requirements were still discussed in RAN 4 now for as a Rel-13 WI. RAN4 usually test each feature separately in principle. Furthermore, it is unclear whether 4Rx is mandatory or optional feature in Rel-13.

Proposal 5: No test case is introduced for FD-MIMO + 4Rx in Rel-13 timeframe.
2.2 Generally Test configurations
Transmission mode
Based on RAN1 agreement, both TM10 and TM9 can support FD-MIMO features.TM10 can support all features of Rel-13 FD-MIMO. A set of features supported by TM9 except interference measurement restrictions. Considering TM9 is a more generic DMRS based on transmission mode from Rel-10 and TM10 is majorly target for CoMP transmission schemes. Also TM10 is an optional feature supported by UE, if we introduce test cases based on TM10, and then we need to introduce separate both TM10 and TM9 test cases based on UE capability. 

Proposal 6: Introduce all CSI test cases except MR functionality test case under TM mode 9.
Proposal 7: Introduce MR functionality test case under TM10

Proposal 8: FFS whether introducing additional MR functionality test case for TM9 (Channel part only).
CSI Feedback Mode
Both A-CSI feedback modes and P-CSI feedback modes were supported for CSI reporting Class A,Class B K>1 and K=1. As summarized in below table, in legacy 8Tx and 4Tx eDL-MIMO PMI test cases, both PUCCH feedback mode (PUCCH 1-1 sub-mode 1) and PUSCH feedback modes were used (PUSCH 1-2 and PUSCH 3-1). 
Table 2 Rel-10 8Tx/Rel-12 4Tx dual-stage codebook PMI test cases list
	
	Single PMI 
	Multiple PMI 

	4Tx dual-stage in Rel-12 
	PUCCH 1-1 sub-mode 1 
	PUSCH 1-2 

	8Tx dual-stage in Rel-10 
	PUSCH 3-1 
	PUSCH 1-2 


For CSI Class A single PMI test case, under PUCCH 1-1 sub-mode 1,  reporting periodicity of  W1 PMI indexes (i11 and i12) are multiple times of reporting periodicity of  W2 PMI index (i2) with same sub-frame offset. In case of first PMI indexes (i11, i12) collision with wideband CQI/second PMI (i2) in same sub-frames, UE will drop wideband CQI/second PMI report.
As in legacy CQI test with PUCCH 1-1 sub-mode 1, RI/first PMI reporting interval has configured as largest values to resolve the collision problem for RI/i1 and i2 collision problem since RI and PMI are configured as fixed value in this CQI test.
However, in this new PMI test, both first PMI (i11, i12) and second PMI (i2) reporting interval need to be configured with a short reporting interval to verify reporting PMI accuracy.
Then in order to avoid this collision issue, we propose to introduce PMI test cases for Class A under A-CSI feedback modes.

For CSI class B K>1 CRI test, in order to avoid collision and mismatch issue for CRI,RI and PMI reporting, we prefer to using A-CSI reporting mode for CRI reporting test.
For CSI class B K=1, W2 only feedback PMI test case, PUCCH 1-1 can be used to introduce test case.

For MR functionality test case, PUCCH 1-0 with Nk=1 can be considered.

To summary, several P-CSI and A-CSI feedback modes can be used to verify FD-MIMO features.
Proposal 9: Introduce CSI test cases with several CSI feedback modes as in table below under Rel-13 FD-MIMO WI.
Table 3 CSI test list
	
	No PMI
	Single PMI
	Multiple PMI

	CSI Class A (PMI test cases)
	N/A
	PUCCH 3-1
	PUSCH 1-2

	CSI Class B K>1
(CRI reporting test)
	N/A
	PUSCH 3-1
	N/A

	Class B K=1
(PMI test case)
	N/A
	PUCCH 1-1
	N/A

	MR functionality test
(Static CQI test case)
	PUCCH 1-0 with Nt=1
	N/A
	N/A


3 Conclusion

In this contribution, we provide overview on UE performance requirements under FD-MIMO WI. And such proposals were given:
Proposal1: Introducing PDSCH demodulation test case to verify DMRS enhancement 

· Replacing one of existing TM9 demodulation test case with updating DMRS configuration signalling. 

Proposal2: Introducing PMI test case for CSI Class B K=1 with PMI-config 1 to verify UE properly report W2 to select micro-beam and co-phasing between two polarization groups.
Proposal 3: Introducing CSI test case for measurement restriction functionality to verify following NW configuration when performing CSI measurement.
Proposal 4: in generally, 1 demodulation test case and 5 CSI test cases as list below were required under Rel-13 FD-MIMO WI.

· 2 PMI test cases for Class A with new codebook

· Single PMI test case

· Multiple PMI test case

· CRI test case for Class B with K>1

· PMI test case for Class B with K=1 W2 only PMI feedback 

· One static CQI test for MR functionality 

Proposal 5: No test case is introduced for FD-MIMO + 4Rx in Rel-13 timeframe.
Proposal 6: Introduce all CSI test cases except MR functionality test case under TM mode 9.
Proposal 7: Introduce MR functionality test case under TM10

Proposal 8: FFS whether introducing additional MR functionality test case for TM9 (Channel part only).
Proposal 9: Introduce CSI test cases with several CSI feedback modes as in table below under Rel-13 FD-MIMO WI.
CSI test list

	
	No PMI
	Single PMI
	Multiple PMI

	CSI Class A (PMI test cases)
	N/A
	PUCCH 3-1
	PUSCH 1-2

	CSI Class B K>1
(CRI reporting test)
	N/A
	PUSCH 3-1
	N/A

	Class B K=1
(PMI test case)
	N/A
	PUCCH 1-1
	N/A

	MR functionality test
(Static CQI test case)
	PUCCH 1-0 with Nt=1
	N/A
	N/A
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