[bookmark: OLE_LINK3]3GPP TSG RAN WG1 Meeting #85                                                                   R1-167349
Nanjing, China 23rd - 27th May 2016

Source:	NTT DOCOMO
Title:	CSI Reporting for Hybrid CSI-RS
[bookmark: Source]Agenda Item:	7.2.4.2.2

[bookmark: DocumentFor]Document for: 	Discussion
Introduction
At the RAN1 #85 meeting, there were intensive discussions on CSI reporting for hybrid CSI-RS especially on potential technologies [1]. Working assumption and conclusion are reached as follows and proposed mechanisms are summarized as Table I [1]. In this contribution, we discuss further details on CSI reporting mechanism for hybrid CSI reporting.
	Working assumption:
· Mechanism 1: Hybrid CSI is realized by with one CSI process, support at least CLASS A for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-Type
· i1 is reported while CQI and i2 are not reported for the 1st eMIMO-Type (CLASS A)
· FFS: whether RI is reported for CLASS A 
· CQI/PMI/RI are reported for the 2nd eMIMO-Type (CLASS B K=1)
· At least one more mechanism is supported, to be discussed in RAN1#86

Conclusion:
· Candidate mechanisms to consider in RAN1#86
· Mechanism 2A: for hybrid CSI with one CSI process, support CLASS B with K≥1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type
· For the 1st eMIMO-Type, depending on the value of K
· K=1: CQI/RI are reported. In addition, i1 is reported for Rel.12 dual-stage codebooks 
· K>1: two options
· Option 1: CRI is reported
· Option 2: PMI/RI for each CSI-RS resource are reported 
· For the 2nd eMIMO-Type
· CQI/PMI/RI are reported
· Mechanism 2B: for hybrid CSI with one CSI process, support CLASS B with K≥1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type
· For the 1st eMIMO-Type, depending on the value of K
· K=1: 
· Option 1: i1 is reported for Rel.12 codebooks (when applicable) or i2 for Rel.13 CLASS B codebooks
· Option 2: CQI/RI are reported. In addition, PMI is reported for Rel.13 CLASS B codebooks 
· K>1: two options
· Option 1: CRI is reported
· Option 2: PMI/RI for each CSI-RS resource are reported 
· For the 2nd eMIMO-Type
· CQI/PMI/RI are reported
· Mechanism 3:  for hybrid CSI with one CSI process, CLASS A or CLASS B K=1 for the 1st eMIMO-Type and CLASS B K>1 for the 2nd eMIMO-Type
· For the 1st eMIMO-Type: i1 is reported 
· For the 2nd eMIMO-Type:  two options
· Option 1: CRI and CQI/PMI/RI for the recommended CSI-RS resource are reported
· Option 2: CQI/PMI/RI for a CSI-RS resource 
· Mechanism 4: Hybrid CSI reporting with CSI process pair 
· UE calculates CSI for only one CSI process at a time
· Mechanism 5: the proposal in R1-165617
· Other mechanisms are not precluded
· Down select from the above mechanisms and/or options in RAN1#86
· Each proposal should include clear description on use case(s) and specification impact
· For CLASS B K=1, proponent needs to clarify whether both codebook options are applicable for not.


Table I: Candidate mechanisms for hybrid CSI reporting
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Discussion 
According to the increase in the number of antenna elements (AEs), it is possible to exploit larger beamforming gain. This also means increase in the number of candidate beams and associated overhead of CSI-RS and CSI feedback. In order to address this issue, stepwise CSI acquisition scheme has been discussed since Rel. 13 EBF/FD-MIMO SI. In the hybrid CSI acquisition, generally, coarse and fine CSIs are generally acquired in two steps. It is beneficial for reducing CSI-RS and CSI feedback overhead. Furthermore, CSI acquisition with single CSI process has higher affinity for TM 9 based CSI acquisition. 
Proposal 1: Support hybrid CSI acquisition schemes with single CSI process for the following reasons.
· Reduce overhead for CSI-RS and CSI feedback
· Achieve hybrid CSI acquisition for TM 9 based system



Based on the motivations above, Table II categorizes hybrid CSI acquisition scheme for mechanisms 1-3.
Table II: Categorization of hybrid CSI acquisition schemes
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All groups and schemes are designed for 2-step CSI acquisition with rough beam selection and complete CSI. Schemes X1 and X2 have been discussed since Rel. 13 LTE [2]. These technologies are achieved by two CSI processes in Rel. 13 LTE further benefits are reached by Rel. 14 hybrid schemes, i.e., overhead reduction, etc. They are both suitable for the system with larger antenna array for eFD-MIMO. Scheme X3 is a similar technology to scheme X2. It utilizes eMIMO-Type B with K=1 for coarse CSI acquisition in the 1st step. It can be also supported, if clear use cases are identified. Scheme X4 utilizes beam selection in the 2nd eMIMO-Type. Beam selection tends to require higher CSI-RS overhead considering the tradeoff between virtualization (beamforming) of CSI-RS and oversampling factor for multiple beams. Further verification is necessary in terms of CSI-RS overhead. Group Y aims for similar operation to scheme X but propose to reduce UE computational complexity per subframe. For example, in scheme Y1, the number of CSI-RS APs per subframe is reduced by spreading multiple (beamformed) CSI-RSs with different subframes. However Rel. 13 FD-MIMO already supports class B (K>1) with the multiple CSI-RS resources mapped in a single subframe. Therefore scheme B proposes to have further relaxation for UE implementation compared with legacy UEs, which seems not necessary. Group C is intended for partial port CSI-RS. Scheme Z is different schemes intended for partial port CSI-RS. It reduces CSI-RS overhead for 1st eMIMO-Type but achieves comparable performance as mechanism 1. It can be also considered. Based on the discussion above, following proposal is reached.
Proposal 2: Confirm the working assumption on hybrid CSI reporting with following as additional mechanism.
· Hybrid CSI reporting with one CSI process, support CLASS B with K>1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type
· For the 1st eMIMO-Type,
· Option 1: CRI is reported
· Option 2: PMI/RI for each CSI-RS resource are reported 
· For the 2nd eMIMO-Type, CQI/PMI/RI are reported
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Summary
In this contribution, we discussed on hybrid CSI reporting for Rel. 14 eFD-MIMO. Based on the discussion, we made the following proposals.
Proposal 1: Support hybrid CSI acquisition schemes with single CSI process for the following reasons.
· Reduce overhead for CSI-RS and CSI feedback
· Achieve hybrid CSI acquisition for TM 9 based system
Proposal 2: Confirm the working assumption on hybrid CSI reporting with following as additional mechanism.
· Hybrid CSI reporting with one CSI process, support CLASS B with K>1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type
· For the 1st eMIMO-Type,
· Option 1: CRI is reported
· Option 2: PMI/RI for each CSI-RS resource are reported 
· For the 2nd eMIMO-Type, CQI/PMI/RI are reported
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Scheme Mechanism Pros Cons

X

1 1

•

Gain has been verified by many evaluation.

2 2A (K>1; opt. 1)

•

Gain has been verified by many evaluation.

•

This scheme can achieve beamforming gain in 

the 1

st

eMIMO-Type.

•

Beam selection in 1

st

eMIMO-Type generally 

requires high CSI-RS overhead compared to 

mechanism 1. However CSI-RS overhead for 

1

st

eMIMO-Type is usually not dominant.

3 2B (K=1; opt. 1)

•

(Note) Similar scheme with scheme above.

4 3

•

Beam selection in 2

nd

eMIMO-Type usually 

requires high CSI-RS overhead.

•

Use case for “B (K=1) + B (K>1)” is not very 

clear (wide cell coverage with MR for the 1

st

eMIMO-Type?).

Y

1 2A (K=1)

•

Computational complexity per subframe for 

beam selection may be relaxed compared with 

the case for K>1. However if different 

subframe-config is used for K>1, this benefit 

does not apply.

•

Large control delay is expected in order to 

perform beam selection with 1st eMIMO-

Type.

2 2B (K=1; opt. 2)

•

Same as above

•

Same as above

Z

2A (K>1; opt. 2)

•

Further reduce CSI-RS overhead compared to 

scheme 1.
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1

st

eMIMO-Type 2

nd

eMIMO-Type Note

Class Feedback info. Class Feedback info.

1 A i1 (i2/CQI are not reported. FFS: RI) B (K=1) RI/PMI/CQI

2A B (K>=1)

•

K=1: RI/CQI. i1 is additionally 

reported for Rel.12 double CB

•

K>1:

̶

Option 1: CRI

̶

Option 2: PMI/RI for each CSI-RS 

resource

B (K=1) RI/PMI/CQI

•

K=1: cell-specific 

beam selection can 

be conducted with 

the 1

st

eMIMO-

Type using multiple 

subframes.

•

K>1 option 2: 

partial CSI-RS ports.

2B B (K>=1)

•

K=1: 

̶

Option 1: i1 is reported for 

Rel.12 codebooks (when 

applicable) or i2 for Rel.13 CLASS 

B codebooks

̶

Option 2: CQI/RI. PMI is 

additionally reported for Rel.13 

CLASS B codebooks 

•

K>1:

̶

Option 1: CRI

̶

Option 2: PMI/RI for each CSI-RS 

resource

B (K=1) RI/PMI/CQI

3 A or B (K=1) i1 B (K>1)

•

Option 1: CRI and CQI/PMI/RI for 

the recommended CSI-RS 

resource

•

Option 2: CQI/PMI/RI for a CSI-RS 

resource 

Higher resolution CSI 

can be obtained  by 

beam selection (2

nd

eMIMO-Type), e.g., 

current beam and 

adjacent beam.

4 N/A N/A N/A N/A Hybrid CSI reporting 

with CSI process 

pair(UE calculates CSI 

for only one CSI 

process at a time)

5 N/A N/A N/A N/A Full CSI is reported 

for both eMIMO-

Type (no linkage)

Overlapped with 2A


