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1 Introduction

At RAN4#76, RAN4 has reached no agreements on CSI requirements [1]. The objectives for CSI requirements for 4Rx are specified in [2]. 
· WI scope includes CSI requirements for 4Rx antenna including
· CQI
· PMI
· RI
· CSI requirements support up to 4 layers
· No prioritization on number of layers
· MMSE-MRC/IRC, RML and CWIC receivers will be investigated as candidate reference receivers
While, at RAN4#76 meeting, there was no progress on this topic. In this meeting, we will further provide our analysis on the 4RX CSI requirements. 

In this contribution, we will further provide our analysis on the 4RX CSI requirements.
2 Discussion

2.1 CSI requirements for 4Rx
RAN4 has begun discussions on CSI requirements for 4Rx. However, there has been no progress on this topic. The CSI requirements for 4Rx are required to ensure the proper CSI reporting from 4Rx antenna ports. As specified in TS 36.101 [3] clause 9, requirements for the reporting of channel state information (CSI), the definition of SNR is in accordance as follows:
Where, 
[image: image1.wmf]å

å

=

)

(

)

(

ˆ

j

oc

j

or

N

I

SNR


In TS 36.101 [3] clause 9 the test cases may be defined with different channel bandwidth to verify the same CSI requirement. In TS 36.101 clause 9.2 and 9.3 the CQI reporting performance requirements are specified for CQI reporting under AWGN conditions and fading conditions, respectively. The performance requirements for 4Rx are not specified. It is also important for CSI reporting to support up to 4 layers when feasible.  

The PMI reporting, requirements are specified in TS 36.101 [3] clause 9.4 and need to be extended for 4Rx. The same is necessary for reporting of Rank Indicator specified in TS 36.101 [3] clause 9.5.

2.2 CQI with 4Rx
The objective of the CQI tests is to make sure that the CQI report is aligned with the demodulation performance. CQI is tested by requirements on the variance of the reported CQI and the BLER based on the reported CQI. CQI need to be tested under AWGN conditions and fading conditions. It is also suggested to be tested with different reporting modes. The proposed new CQI reporting test is listed below. (E.g. TS 36.101 [3] in clauses 9.2 and 9.3).
Table 1: Proposed CQI with 4Rx tests 

	
	Based on test#
	Transmission mode
	Reporting mode
	Layers
	Propagation condition
	Antenna configuration

	1
	9.2.2.1
	TM4
	PUCCH 1-1
	>2
	AWGN
	4x4

	2
	9.2.3.1
	TM9
	PUCCH 1-1
	>2
	AWGN
	4x4

	3
	9.3.1.1.1
	TM1
	PUSCH 3-0
	>2
	Ref. clause B.2.4
	1x4

	4
	9.3.2.2
	TM9
	PUCCH 1-1
	>2
	EPA5
	4x4

	5
	9.3.5.1
	TM1
	PUCCH 1-0
	>2
	EPA5
	1x4

	6
	9.3.5.2
	TM9
	PUCCH 1-1
	>2
	EPA5
	2x4

	7
	9.3.7
	TM9
	PUSCH 3-2
	>2
	EVA5
	4x4


Regarding the CQI reporting, we think it would be necessary to have new requirements for CQI with 4Rx.

Proposal 1: The CQI reporting tests under AWGN and fading conditions should be included in 4RX requirements.

2.3 PMI with 4Rx
New PMI requirements based on 4Rx antenna ports need to be specified in order to handle the cases when the rank becomes higher than 2. PMI must be properly tested due to the 4Rx capability extension. 

Currently, the minimum performance requirements of PMI reporting in TM9 are defined based on the relative increase in throughput when the transmitter is configured according to the UE reports compared to the case when the transmitter is using random precoding. For TM9, PMI tests are required because the demodulation tests are defined with random beamforming. Therefore, we suggest reusing the existed 2Rx single and multiple PMI test for PMI with 4Rx. The proposed new RI test is listed below. (E.g. TS 36.101 [3] in clause 9.4.2.3 as Table 9.4.2.3.1-1 and 9.4.2.3.3-1 and Table 9.4.2.3.2-1 and 9.4.2.3.4-1).
Table 2: PMI test for single-layer (FDD)

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Transmission mode
	
	9

	Propagation channel
	
	EVA5

	Precoding granularity
(only for reporting and following PMI)
	PRB
	6

	Correlation and antenna configuration
	
	Low
ULA 4 x 4

	Cell-specific reference signals
	
	TBD

	Beamforming model
	
	Annex B.4.3

	CSI reference signals
	
	TBD

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS 
	
	TBD

	CSI-RS reference signal configuration
	
	TBD

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 0000 FFFF

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

	Reporting mode
	
	PUSCH 1-2

	Reporting interval
	ms
	TBD

	PMI delay
	ms
	TBD


Table 3: PMI test for dual-layer (FDD)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Transmission mode
	
	9

	Propagation channel
	
	EVA5

	Precoding granularity
(only for reporting and following PMI)
	PRB
	6

	Correlation and antenna configuration
	
	High XP 4 x 2

	Beamforming model
	
	Annex B.4.3

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports

15,…,18

	CSI-RS periodicity and subframe offset          TCSI-RS / ICSI-RS
	
	5/ 1

	CSI-RS reference signal configuration
	
	8

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 FFFF 0000 FFFF 0000

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

	Reporting mode
	
	PUSCH1-2

	Reporting interval
	ms
	5

	 PMI delay (Note 2)
	ms
	8


Table 4: PMI test for single-layer (TDD)

	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Transmission mode
	
	9

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	Propagation channel
	
	EVA5

	Precoding granularity
(only for reporting and following PMI)
	PRB
	6

	Antenna configuration
	
	8 x 2

	Correlation modeling
	
	High, Cross polarized

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports

15,…,22

	Beamforming model
	
	Annex B.4.3

	CSI-RS periodicity and subframe offset

TCSI-RS / ∆CSI-RS
	
	5/ 4

	CSI-RS reference signal configuration
	
	4

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 001F FFE0 0000 0000 FFFF

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

	Reporting mode
	
	PUSCH 1-2

	Reporting interval
	ms
	5 (Note 4)

	PMI delay
	ms
	10


Table 5: PMI test for dual-layer (TDD)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	Transmission mode
	
	9

	Uplink downlink configuration
	
	1

	Special subframe configuration
	
	4

	Propagation channel
	
	EVA5

	Precoding granularity
(only for reporting and following PMI)
	PRB
	6

	Correlation and antenna configuration
	
	XP High 4 x 2

	Beamforming model
	
	Annex B.4.3

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports
15,…,18

	CSI-RS periodicity and subframe offset          TCSI-RS / ICSI-RS
	
	5/ 4

	CSI-RS reference signal configuration
	
	4

	CodeBookSubsetRestriction bitmap
	
	0x0000 0000 FFFF 0000 FFFF 0000

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

	Reporting mode
	
	PUSCH1-2

	Reporting interval
	ms
	5

	 PMI delay (Note 2)
	ms
	10

	Measurement channel
	
	R.61-1 TDD for UE Category 1, R.61 TDD for UE Category 2-8

	Rank Number of PDSCH
	
	2

	OCNG Pattern
	
	OP.1 TDD

	Max number of HARQ transmissions
	
	4

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

	ACK/NACK feedback mode
	
	Multiplexing


Regarding the PMI reporting in TM9, we think it would be necessary to have new requirements for single and multiple PMI tests with 4Rx.

Proposal 2: The single and multiple PMI reporting in TM9 tests should be included in 4RX requirements.

2.4 RI with 4Rx

New RI requirements based on 4Rx antenna ports need to be specified in order to cover the cases when the rank becomes higher than 2. These new RI tests should be extended up to rank-4 with 4Rx antenna ports. The possibility to handle more than 4 layers is one of the essential differences with 4Rx. Therefore, the demodulation of 4 layers and the rank indication both need to be tested for more than rank 2. The proposed new RI test is listed below. (E.g. TS 36.101 [3] in clause 9.5.2.1 as Table 9.5.2.1-1).
Table 3: RI Test (FDD)

	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	4

	Downlink power allocation
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	Propagation condition and antenna configuration
	
	2 x 4 EPA5

	Cell-specific reference signals
	
	TBD

	Beamforming Model
	
	As specified in Section B.4.3

	CSI reference signals
	
	TBD

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS
	
	TBD

	CSI reference signal configuration
	
	TBD

	CodeBookSubsetRestriction bitmap
	
	000011 for fixed RI = 1

010000 for fixed RI = 2

010011 for UE reported RI

	Antenna correlation
	
	Low
	Low
	High

	RI configuration
	
	TBD
	TBD
	TBD

	SNR
	dB
	TBD
	TBD
	TBD
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	dB[mW/15kHz]
	TBD
	TBD
	TBD

	Maximum number of HARQ transmissions
	
	1

	Reporting mode
	
	PUCCH 1-1


Regarding the rank1/2 tests with 4RX, we think it would be necessary to have new rank requirements for rank1/2.

Proposal 3: The RI with 4Rx tests for rank1/2 should be included in 4Rx rank requirements.

3 Conclusion 

In this contribution, we provided our analysis on the 4RX CSI requirements. We also have the following proposals.

Proposal 1: The CQI reporting tests under AWGN and fading conditions should be included in 4RX requirements.

Proposal 2: The single and multiple PMI reporting in TM9 tests should be included in 4RX requirements.

Proposal 3: The RI with 4Rx tests for rank1/2 should be included in 4Rx rank requirements.
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