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1 Introduction
In RAN1 #85 EB/FD-MIMO study item discussion, we have the following assumption and conclusion arrived on Hybrid CSI reporting [1]. 

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.
There are in total six candidate schemes, based on single process concept or process pair concept. In this contribution paper, we will address the scheme down selection and the specific reporting design for the proposed schemes.  
2 General Consideration on the Scheme Down Selection and Report Design
Given that introducing new hybrid CSI reporting schemes would impact the UE implementation and specifications, we should focus on substantial use cases with sufficient performance gain before we down select to any of the schemes. Generally we should consider and balance several factors below in our understanding.  

· Use cases: To take advantage of hybrid CSI-RS reporting, possible use cases are studied in [2]. To explore both non-precoding CSI RS and beamforming CSI RS, hybrid CSI-RS reporting generally constitutes two steps, the first of which involves a long term and wideband reporting while the second of which is more for the short term and subband reporting. We can also separate two steps with spatial dimensions or polarization. 
· PUCCH load constraint: Periodic reporting is limited by the PUCCH payload size.  So detailed reporting content for each of the periodic report mode shall be discussed. A reporting mechanism requiring new PUCCH format and heavily impacting the specification shall have sufficient performance gain. For the aperiodic reporting modes, though there is no load constraint, we need to keep the report content as concise as possible to minimize the UL overhead. 

· Report collision: if there is reporting collision, we need to specify the priority between the eMIMO-Types as well as among reporting types, and corresponding dropping rules. The general thinking is that as the main benefit of hybrid CSI reporting is to apply beamformed CSI-RS for the 2nd eMIMO-Type resource using the PMI estimated from the 1st eMIMO-Type, the CSI report from the 1st eMIMO-Type CSI-RS should be with a higher priority than the CSI from the 2nd eMIMO-Type.   

· UE CSI processing relaxation: The UE implementation constraint should be considered in scheme down selection as well as the according reporting content design. The single process based hybrid CSI report constitutes reporting patterns interplaying across two eMIMO types. It may increase the UE implementation complexity so that UE CSI processing relaxation shall be discussed. 
· Single process or process pair for Hybrid CSI report: while the CSI process pair based method provide more flexibility for the network implementation, a single CSI process based approach is preferred as it can encapsulate all relevant configurations in one entity of CSI measurement and the specification complexity can be minimized by use case based design.  
Proposal #1: It is preferred to use single process to support hybrid CSI reporting schemes by considering use cases and according specification impact. 

3 Proposed Hybrid CSI Reporting Schemes
After analysis and evaluation of the scheme options in [1], we propose to have the following schemes introduced into 3GPP standardization Rel 14 CSI process, i.e. Mechanism 1, Mechanism 2A with the 1st eMIMO-type as Class B k>1 and option 1, Mechanism 3 with option 1 discussed last meeting. 
Proposal #2: Mechanism 1: Hybrid CSI is realized by with one CSI process, supporting CLASS A for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-Type

· i1 is reported only for the 1st eMIMO-Type assuming RI=1 (CLASS A)  

· CQI/PMI/RI are reported for the 2nd eMIMO-Type (CLASS B K=1) 
eNB sends CLASS A NP CSI-RS and then based on UE’s PMI i1 feedback sends BF CSI-RS (class B K=1). After that UE estimates the effective channels and feeds back CQI/PMI/RI to eNB. This is a typical hybrid CSI report use case where better CSI estimation can be attained as the report is based on beamformed CSI-RS in the 2nd eMIMO-Type. Because the first stage involves only the long term feedback, i1 from the 1st eMIMO-Type CSI-RS can be reported with a long periodicity with less overhead. 
Computing RI/PMI/CQI jointly provides more flexibility and accuracy.  Therefore it is better to report RI based on virtualized ports in the 2nd eMIMO-Type (CLASS B K=1). We can suppress RI report and restrict i1 to rank 1 only by applying codebooksubsetrestriction in the 1st eMIMO-Type. The performance difference of i1 between rank 1 and other ranks should be trivial, as i1 from the 1st eMIMO is only responsible for long term beamforming.
If P-CSI is selected, Mechanism 1 report should integrate two sets of configuration with different periodicity. As the 2nd eMIMO-Type CSI-RS is beamed with the reported i1 from the 1st eMIMO-Type, and should be reported more frequent, the periodicity of report based on the 2nd eMIMO-Type shall be ideally a multiple of the 1st one, and the first report could be immediately following the report based on the 1st eMIMO-Type CSI-RS to take advantage of the timing efficiency (latency on application of i1 from the first stage should be considered). 
For a UE configured with hybrid CSI reporting Mechanism 1, following reporting instances could be triggered in periodic reporting. The report content and detailed information for mode 1-1 and mode 2-1 can be summarized in below tables. The general rule of design is to let the reporting interval of the 1st eMIMO-Type is a multiple of the first report of the 2nd eMIMO-Type, and one new offset parameter 
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 is introduced to avoid collision. 
Proposal #3: the reporting interval of the report based on the 1st eMIMO-Type should be a multiple of the first report from the 2nd eMIMO-Type CSI RS, and one new offset parameter is introduced to avoid collision as much as possible. 
	Mode 1-1:

Submode 1
	CSI-RS
	Reporting type 
	Periodicity and offset

	PMI
	1st 
	Type 2a
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	RI/WB PMI1 
	2nd 
	Type 5
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	WB CQI/PMI2 
	2nd 
	Type 2b
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	Mode 1-1:

Submode 2
	CSI-RS
	Reporting type
	Periodicity and offset

	PMI
	1st 
	Type 2a
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	2nd 
	Type 3
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	WB CQI/PMI1/PMI2 
	2nd 
	Type 2c
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	Mode 2-1
	CSI-RS
	Reporting type
	Periodicity and offset

	PMI
	1st 
	Type 2a
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	RI/PTI*
	2nd 
	Type 6
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	PMI1
	2nd 
	Type 2a
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	WB CQI/PMI2 
	2nd 
	Type 2b
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	SB CQI/PMI2 
	2nd 
	Type 1a
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Note: * PTI usage should follow the legacy specification. When PTI is not configured or PTI =0, there will be PMI1 and WB CQI/PMI2 in the next report cycle. When PTI=1, there will be WB CQI/PMI2 and SB CQI/PMI2 reported in the next cycle. 
Proposal #4: if periodic reporting mode is configured using Mechanism 1, the periodicity and offset for the 1st eMIMO-Type are 
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Proposal #5: 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, CLASS B K>1, CRI is reported. 
· For the 2nd eMIMO-Type, CQI/RI/PMI are reported (CLASS B K=1).

Mechanism 2A is to target at the sectorization or the so called sector beamforming use case. eNB sends K beamformed CSI-RS resources precoded by a number of cell specific 2D/3D beams (depending on eNB implementation), UE estimates the effective channel and then feedback the most favourite CSI-RS resource via CRI reporting. Then, eNB sends one beamformed CSI-RS according to the UE feedback, UE estimates and selects CQI/PMI/RI and report to eNB. 
One alternative is to have i1 reported together with CRI for the 1st eMIMO-Type to better acknowledge the UE specific beamforming in the second stage. However, as there is K parallel CSI-RS in the first stage, UE probably uses signal power or other simple criteria to select CRI. Therefore, having i1 reported in the first stage would require extra effort at UE side, which may not be necessary as PMI will be estimated together with RI based on the 2nd eMIMO-Type. 
For a UE configured with hybrid CSI reporting Mechanism 2A, the following reporting instances could be triggered in periodic reporting. The report content and detail information for mode 1-1 and mode 2-1 can be summarized in below tables.

	Mode 1-1:

Submode 1
	CSI-RS
	Reporting type 
	Periodicity and offset

	CRI
	1st 
	Type 10
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	RI/WB PMI1 
	2nd 
	Type 5
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	WB CQI/PMI2 
	2nd 
	Type 2b
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	Mode 1-1:

Submode 2
	CSI-RS
	Reporting type
	Periodicity and offset

	CRI
	1st 
	Type 10
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	2nd 
	Type 3
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	WB CQI/PMI1/PMI2 
	2nd 
	Type 2c
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	Mode 2-1
	CSI-RS
	Reporting type
	Periodicity and offset

	CRI
	1st 
	Type 10
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	RI/PTI*
	2nd 
	Type 6
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	2nd 
	Type 2a
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	SB CQI/PMI2 
	2nd 
	Type 1a
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Note: * PTI usage should follow the legacy specification. When PTI is not configured or PTI =0, there will be PMI1 and WB CQI/PMI2 in the next report cycle. When PTI=1, there will be WB CQI/PMI2 and SB CQI/PMI2 reported in the next cycle. 
Proposal #6: if periodic reporting mode is configured using Mechanism 2A, the periodicity and offset for the 1st eMIMO-Type are respectively 
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 for wideband CQI case, and respectively 
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 for subband CQI case. 

Proposal #7: Mechanism 3:  for hybrid CSI with one CSI process, CLASS A for the 1st eMIMO-Type and CLASS B K>1 for the 2nd eMIMO-Type

· For the 1st eMIMO-Type: i1 is reported only for the 1st eMIMO-Type assuming RI=1. 

· For the 2nd eMIMO-Type: CRI and CQI/PMI/RI for the recommended CSI-RS resource are reported.
Mechanism 2 requires pre-planning of sector beams before sending the beamformed CSI-RS, while Mechanism 3 on the other hand supports more flexible beamer selection for CLASS B K>1 CSI-RS in the second stage. In this Mechanism, reporting based on the 1st eMIMO-Type CSI-RS is used for a rough 2D or 3D beam tracking and the corresponding CLASS A CSI-RS resource can be very sparse. In the second stage, eNB sends K CSI-RS resources precoded by UE specific beams, each of which is determined by i1 reported in the first stage. UE estimates the effective channels of K beamformed CSI-RS resources and feedbacks the best CRI and the associated PMI/CQI/RI. 
In Mechanism 3, we propose that RI report is suppressed and rank = 1 is assumed to report i1 for the 1st eMIMO-Type. Because CRI report for the 2nd eMIMO-Type CLASS B K>1 will redefine the UE specific beam which will finally be used to beam the UE after the one cycle of hybrid CSI report done, it is better to have RI reported together with CRI to have them conditioned on the same beamformed CSI-RS. 
For a UE configured with hybrid CSI reporting Mechanism 3, the following reporting instances could be triggered in periodic reporting. The report content and detail information for mode 1-1 and mode 2-1 can be summarized in below tables.

	Mode 1-1:

Submode 1
	CSI-RS
	Reporting type 
	Periodicity and offset

	PMI
	1st 
	Type 2a
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	CRI
	1st 
	Type 10
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	2nd 
	Type 5
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	WB CQI/PMI2 
	2nd 
	Type 2b
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	Mode 1-1:

Submode 2
	CSI-RS
	Reporting type
	Periodicity and offset

	PMI
	1st 
	Type 2a
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	CRI
	1st 
	Type 10
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	WB CQI/PMI1/PMI2 
	2nd 
	Type 2c
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	Mode 2-1
	CSI-RS
	Reporting type
	Periodicity and offset

	PMI
	1st 
	Type 2a
	
[image: image40.wmf]ë

û

(

)

(

)

0

mod

2

/

10

,

,

=

×

×

×

×

¢

-

-

+

´

pd

RI

CRI

Track

OFFSET

CQI

OFFSET

s

f

N

M

M

H

H

N

N

n

n



	CRI
	1st 
	Type 10
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	RI/PTI*
	2nd 
	Type 6
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	PMI1
	2nd 
	Type 2a
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	WB CQI/PMI2 
	2nd 
	Type 2b
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	SB CQI/PMI2 
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Note: * PTI usage should follow the legacy specification. When PTI is not configured or PTI =0, there will be PMI1 and WB CQI/PMI2 in the next report cycle. When PTI=1, there will be WB CQI/PMI2 and SB CQI/PMI2 reported in the next cycle. 
Proposal #8: if periodic reporting mode is configured using Mechanism 3, the periodicity and offset for the 1st eMIMO-Type are respectively 
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 for wideband CQI case, and  
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for subband CQI case. 
For proposed mechanisms involving in CLASS A CSI-RS in the 1st eMIMO-Type, codebook subsampling can be done if following legacy modes. But as the report from the 1st eMIMO-Type takes a long periodicity and the report based on the 1st eMIMO-Type will be used to guide the beamforming on the 2nd eMIMO-Type, the precision is thus quite crucial to hybrid CSI report performance. We proposed to suppress codebook subsampling if CLASS A CSI-RS is involved in hybrid CSI report as the 1st eMIMO-Type.  

Proposal #9: for mechanisms involving CLASS A CSI-RS used as the 1st eMIMO-Type, codebook subsampling of the 1st eMIMO-type should be avoided for periodic reporting. 

The main benefit gained from hybrid CSI reporting is that the 2nd eMIMO-Type CSI-RS can be beamformed by the precoder or beamer reported based on the 1st eMIMO-Type.  Therefore proposed mechanisms involve in reporting PMI or partial PMI for both of the eMIMO-Types.  In our understanding P-CSI reporting with mode 1-0 and 2-0 can be based on the 2nd eMIMO-Type CSI-RS as legacy. There is no strong need to complicate specification and implementation further to design a non-PMI reporting for hybrid CSI reporting. 
Proposal #10: if periodic reporting mode 1-0 or 2-0 is configured for hybrid CSI reporting, CSI measurement and reporting is based on the 2nd eMIMO-Type CSI-RS as legacy. 
3.1 Aperiodic Mode for Hybrid CSI Reporting
The PUSCH based aperiodic modes for hybrid CSI reporting can be easily accommodated as legacy because there is no payload limitation on PUSCH. One thing needs to clarify is that as we have CSI reports from two eMIMO-Types in one aperiodic feedback, the priority of reporting contents needs to be redefined. Because the PMI or CSI feedback from the 1st eMIMO-Type is going to guide the beamforming on the 2nd eMIMO-Type, it should be with the highest priority, RI reported based on the 2nd eMIMO type is with the second priority, and then ACK/NACK information if there is HARQ feedback in the subframe. According to this order, the interleaving and multiplexing with PUSCH data should perform. 

Proposal #11: for aperiodic reporting modes, PMI or CRI from the 1st eMIMO-Type should be jointly encoded with CRI/RI from the 2nd eMIMO-Type by reusing legacy CRI/RI encoding/mapping on PUSCH.

4 High Layer Parameters for One Process based Hybrid CSI Report

In one CSI report process two eMIMO-Type CSI RS resource should be allocated to indicate UE that hybrid CSI report is triggered. To achieve this, high layer parameters w.r.t. the new hybrid CSI report mechanism should be adopted. Specifically one more non-zero power CSI RS resource ID should be added to identify the added eMIMO-Type CSI RS  and the associated CSI-RS resource(s), therefore, at least the following parameters should be included in a CSI process to specify extra eMIMO-Type:
· CSI-RS-ConfigNZP-r11

· antennaPortsCount-r11

· resourceConfig-r11

· subframeConfig-r11

· scramblingIdentity-r11

· CSI-RS-ConfigNZP-EMIMO-r13

· nzp-resourceConfigList-r13

· cdmType-r13

· NZP-ResourceConfig-r13
· ResourceConfig-r13
· CSI-RS-ConfigEMIMO-r13
· CSI-RS-ConfigNonPrecoded-r13



· p-C-AndCBSRList-r13



· codebookConfigN1-r13





· codebookConfigN2-r13





· codebookOverSamplingRateConfig-O1-r13




· codebookOverSamplingRateConfig-O2-r13
· codebookConfig-r13

· csi-RS-ConfigNZP-EMIMO-r13
· CSI-RS-ConfigBeamformed-r13



· p-C-AndCBSR-PerResourceConfigList-r13
· CSI-RS-ConfigNZP-EMIMO-r13 


· nzp-resourceConfigList-r13



· cdmType-r13
· NZP-ResourceConfig-r13

5 Conclusion

This contribution has considered hybrid CSI reporting use cases and proposed the mechanisms should be taken into standardization. We make the following observations and proposals:
Proposal #1: It is preferred to use single process to support hybrid CSI reporting schemes by considering use cases and according specification impact. 

Proposal #2: Mechanism 1: Hybrid CSI is realized by with one CSI process, supporting CLASS A for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-Type

· i1 is reported only for the 1st eMIMO-Type assuming RI=1 (CLASS A)  

· CQI/PMI/RI are reported for the 2nd eMIMO-Type (CLASS B K=1) 
Proposal #3: the reporting interval of the report based on the 1st eMIMO-Type should be a multiple of the first report from the 2nd eMIMO-Type CSI RS, and one new offset parameter is introduced to avoid collision as much as possible. 

Proposal #4: if periodic reporting mode is configured using Mechanism 1, the periodicity and offset for the 1st eMIMO-Type are 
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 respectively. 

Proposal #5: 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, CLASS B K>1, CRI is reported. 

· For the 2nd eMIMO-Type, CQI/RI/PMI are reported (CLASS B K=1).

Proposal #6: if periodic reporting mode is configured using Mechanism 2A, the periodicity and offset for the 1st eMIMO-Type are respectively 
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 for wideband CQI case, and respectively 
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 for subband CQI case. 

Proposal #7: Mechanism 3:  for hybrid CSI with one CSI process, CLASS A for the 1st eMIMO-Type and CLASS B K>1 for the 2nd eMIMO-Type

· For the 1st eMIMO-Type: i1 is reported only for the 1st eMIMO-Type assuming RI=1. 

· For the 2nd eMIMO-Type: CRI and CQI/PMI/RI for the recommended CSI-RS resource are reported.

Proposal #8: if periodic reporting mode is configured using Mechanism 3, the periodicity and offset for the 1st eMIMO-Type are respectively 
[image: image57.wmf]pd

RI

CRI

N

M

M

H

×

×

×

¢

 and
[image: image58.wmf]Track

OFFSET

CQI

OFFSET

N

N

,

,

+

 for wideband CQI case, and  
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for subband CQI case. 

Proposal #9: for mechanisms involving CLASS A CSI-RS used as the 1st eMIMO-Type, codebook subsampling of the 1st eMIMO-type should be avoided for periodic reporting. 

Proposal #10: if periodic reporting mode 1-0 or 2-0 is configured for hybrid CSI reporting, CSI measurement and reporting is based on the 2nd eMIMO-Type CSI-RS as legacy. 

Proposal #11: for aperiodic reporting modes, PMI or CRI from the 1st eMIMO-Type should be jointly encoded with CRI/RI from the 2nd eMIMO-Type by reusing legacy CRI/RI encoding/mapping on PUSCH.
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