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1 Introduction
In RAN1#68, WI on EBF/FD-MIMO was agreed to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs [1]. The WID objectives also include extension of Rel-12 CSI reporting mechanism as follows.
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports
In this contribution, we discuss about periodic CSI reporting for Rel-13 EBF/FD-MIMO under the considerations of both NP and BF CSI-RSs and provide possible alternatives to extend Rel-12 periodic CSI reporting.
2 Issues on PUCCH reporting mode enhancement for FD-MIMO
2.1 PUCCH format for FD-MIMO periodic CSI reporting
In LTE/LTE-A, CSI (RI, PMI, and CQI) for periodic reporting is transmitted on PUCCH format 2/2a/2b. The current channel coding for PUCCH format 2/2a/2b supports up to 11bits payload per report [2], which is same as that of Rel-8. Since Rel-10, there have been several proposals to increase PUCCH capacity, considering e.g., large codebook size and support of carrier aggregation, etc. However, increasing PUCCH capacity is likely to require lots of work load, as it affects some critical issues like coverage. For this reason, designs based on the same capacity of 11 bits have been adopted in the legacy standards, and the CSI has been distributed into multiple PUCCH reports. For instance, for dual stage codebooks designed for 8 and 4Tx, each of which comprising 4-bit first PMI and 4-bit second PMI, PUCCH reporting modes are designed to distribute these multiple PMIs into multiple PUCCH reports. Although PUCCH format 3 is available to carry larger payload per resource (up to 21bits), the total number of available resources is smaller compared to PUCCH format 2/2a/2b. Therefore, it is proposed to use PUCCH format 2/2a/2b and extend the legacy PUCCH reporting modes for FD-MIMO.
Proposal 1: Use PUCCH format 2/2a/2b for FD-MIMO
2.2 FD-MIMO codebook size and PUCCH reporting mode extension for 12 and 16 ports
According to our companion contribution, we may need to design more than one codebooks to perform 2D beamforming based on the NP CSI-RS during this WI [3]. Given that bit sequences for the first dimension and the second dimension can be naturally decoupled by KP structure of 2D codebook, we may assume that PMI for FD-MIMO can be divided into i11, i12, i21, i22 and i23. Here, i11 and i21 mean the first and second PMIs for the first dimension (e.g. horizontal domain), respectively. On the other hands, i12 and i22 represent the first and second PMIs for the second dimension (e.g. vertical domain), respectively. Finally, i23 means the part of the second PMI for co-phasing quantization.
From the simulation results in [4] and [5], the numbers of bits for the first and second dimension quantizations and the co-phasing quantization are recommended as follows:
· Number of bits for the first dimension, i.e. i11 & i21 … up to 6 bits

· Number of bits for the second dimension vertical domain, i.e. i12 & i22 … up to 4 bits
· Number of bits for the co-phasing, i.e. i23 … up to 2 bits

In the perspective of W1/W2 design, the number of bits for the first PMI of 2D codebook, i.e. i11 & i12, should be larger than or equal to that of legacy codebooks, i.e. i1 of 4 bits. The number of bits for the second PMI of 2D codebook, i.e. i21 & i22, also should be larger than or equal to that of legacy codebooks, i.e. i2 of 4 bits.
Under the assumption of extended PMIs as recommended above, following observations are available:
Observation 1: We have at least two examples showing that extension of the legacy reporting modes is required.

· Ex 1) If we use legacy submode 1, W1+RI payload can be larger than 5 bits, in which case RI coverage is lower than that of legacy system.

· Ex 2) If we use legacy submode 2, W1+W2+CQI payload can be as large as 12 + 7 = 19 bits, cannot be accommodated in PUCCH format 2.
Based on the observations above, we propose to down-select options from the following three alternatives of PUCCH reporting modes extension:
Proposal 2: Select from one of the following alternatives to compress or to distribute 2D-PMIs considering 11 bits payload size for PUCCH format 2/2a/2b.
· Alt 1: Maintain the legacy modes & submodes and apply CSR or subsampling

· Alt 2: Modify the legacy modes and/or submodes to distribute the payload 
· Following payload distribution methods can be considered
· Example 1: Use of first/second-dimension separation 

· Example 2: Use of W1/W2 separation
· Example 3: Combination of Example 1 and Example 2
· Alt 3: Combination of Alt 1 and Alt 2
Detailed options for Alt 2 will be provided in the Section 2.3.
2.3 Details for PUCCH reporting mode extension

Table 1 and Table 2 represent two options for extension of PUCCH mode 1-1 and 2-1, respectively. As we mentioned before, the PMI of 2D codebook can be decoupled for the first and second dimensions by KP structure. Therefore, we can distribute up to 5 parts of PMIs (i11, i12, i21, i22, i23) in to multiple subframe reports. Option 1 assumes that both W1/W2 separation and first/second-dimension separation can be utilized for the PMI distribution. Option 1 has high flexibility on configuration, since it is possible to configure reporting periodicities of the first and second dimension differently. On the other hand, Option 2 assumes that only W1/W2 separation is available. For option 2, we may need a new CSR or subsampling, because PMIs for multiple dimensions should be reported in a single reporting instance. Restriction on the payload for i21, i22 and i23 can be one way to avoid new design of CSR or subsampling. If we restrict the payload for i21, i22 and i23 as 4 bits, then the rest of PMIs, i.e. i11 and i12 can be jointly reported by extension of PUCCH reporting type 2a without new CSR or subsampling.
Table 1 Options for extension of PUCCH mode 1-1

	Option 1 of new PUCCH mode 1-1
	Option 2 of new PUCCH mode 1-1

	· Reporting format for submode 1
· Report 1: RI + i11

· Report 2: Wideband (WB) CQI + i21 + i23
· Report 3: RI + i12

· Report 4: WB CQI + i22 + i23
· Reporting format for submode 2

· Report 1: RI

· Report 2: WB CQI + i11 + i21 + i23
· Report 3: RI

· Report 4: WB CQI + i12 + i22 + i23
	· Reporting format for a new single mode
· Report 1: RI
· Report 2: i11 + i12

· Report 3: WB CQI + i21 + i22 + i23

	Example (for submode 2):
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	Example:
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	Comments:
· Use of both W1/W2 separation and first/second-dimension separation
· Reporting periodicities of first-dimension (i.e. report 1 and report 2) and second-dimension (i.e. report 3 and report 4) can be configured differently
· In some subframes, information for first-dimension beam selection and co-phasing can be reported
· In some subframes, information for second-dimension beam selection and co-phasing can be reported
	Comments:
· Use of W1/W2 separation only

· May require new CSR or subsampling (if payload for i21, i22, and i23 is larger than 4 bits)


Table 2 Options for extension of PUCCH mode 2-1

	Option 1 of new PUCCH mode 2-1
	Option 2 of new PUCCH mode 2-1

	· Reporting format for a new single mode

· Report 1: RI and 1-bit PTI

· Report 2: 

· PTI=0: WB i11
· PTI=1: WB CQI + WB i21+ WB i23
· Report 3: 

· PTI=0: WB CQI + WB i21 + WB i23
· PTI=1: Subband (SB) CQI + SB i21 + SB i23
· Report 4: RI and 1-bit PTI
· Report 5: 

· PTI=0: WB i12

· PTI=1: WB CQI + WB i22 + WB i23
· Report 6: 

· PTI=0: WB CQI + WB i22 + WB i23
· PTI=1: SB CQI + SB i22 + SB i23
	· Reporting format for a new single mode

· Report 1: RI and 1-bit PTI

· Report 2: 

· PTI=0: WB i11 + WB i12

· PTI=1: WB CQI + WB i21 + WB i22 + WB i23
· Report 3: 

· PTI=0: WB CQI + WB i21 + WB i22 + WB i23
· PTI=1: SB CQI + SB i21 + SB i22 + SB i23

	Example:
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	Example:
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	Comments:
· Use of both W1/W2 separation and first/second-dimension separation
· Reporting periodicities of first-dimension (i.e. report 1, report 2, and report 3) and second-dimension (i.e. report 4, report 5, and report 6) can be configured differently
· i1x may be either of i11 or i12
· i2x may be either of i21 or i22
	Comments:
· Use of W1/W2 separation only

· May require new CSR or subsampling (if payload for i21, i22 and i23 is larger than 4 bits)


2.4 PUCCH reporting mode for BF CSI-RS

According to our companion contributions [3], [6], [7], [8] it is desirable to avoid additional effort in specifying a new codebook design for BF CSI-RS,  and there are a few possible options to support CSI reporting for BF-CSI-RS reusing design concept of W2 in legacy codebook. If it is the case, it is possible that codebook for BF CSI-RS has same or smaller size than that for NP-CSI-RS, and new design of PUCCH CSI reporting modes do not seem to be necessary.
Observation 2: Legacy PUCCH reporting modes may be applicable to PUCCH reporting modes for BF CSI-RS.
3 Conclusion
This contribution has discussed extension of PUCCH reporting modes in Rel-13, and draws following proposals and observations:
Proposal 1: Use PUCCH format 2/2a/2b for FD-MIMO 
Observation 1: We have at least two examples showing that extension of the legacy reporting modes is required.

· Ex 1) If we use legacy submode 1, W1+RI payload can be larger than 5 bits, in which case RI coverage is lower than that of legacy system.

· Ex 2) If we use legacy submode 2, W1+W2+CQI payload can be as large as 12 + 7 = 19 bits, cannot be accommodated in PUCCH format 2.
Proposal 2: Select from one of the following alternatives to compress or to distribute 2D-PMIs considering 11 bits payload size for PUCCH format 2/2a/2b.

· Alt 1: Maintain the legacy modes & submodes and apply CSR or subsampling

· Alt 2: Modify the legacy modes and/or submodes to distribute the payload 
· Following payload distribution methods can be considered
· Example 1: Use of first/second-dimension separation 

· Example 2: Use of W1/W2 separation

· Example 3: Combination of Example 1 and Example 2

· Alt 3: Combination of Alt 1 and Alt 2

Observation 2: Legacy PUCCH reporting modes may be applicable to PUCCH reporting modes for BF CSI-RS.
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