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1 Introduction
In 3GPP RAN#71, a new work item on eFD-MIMO was approved including specification support of 20, 24, 28 and 32 CSI-RS ports for the enhancements of non-precoded CSI-RS [1]. In order to design periodic CSI reporting, codebook structure and corresponding PMI overhead are crucial factors. For PMI overhead estimation, Rel-13 class A codebook can give us a good guideline. In Rel-13 FD-MIMO, parameterized codebook with (N1,N2,O1,O2) and codebook config is supported 8, 12 and 16 CSI-RS ports. Overall, parameterized codebook can support various numbers of CSI-RS ports and possible deployment scenarios. Considering possible combination of (N1,N2,O1,O2) and codebook config, the expected PMI overhead can be estimated. In this contribution we discuss about PUCCH based periodic CSI reporting for Rel-14 eFD-MIMO.
2 PUCCH format for eFD-MIMO periodic CSI reporting

In Rel-13 FD-MIMO, periodic CSI (RI, PMI, and CQI) reporting based on PUCCH format 2/2a/2b which supports up to 11 bits payload per report [2] was agreed [3]. There had been several proposals for class A CSI reporting including support of PUCCH format 3. However, increasing the maximum PUCCH payload may result in some adverse effects such as reduction in PUCCH coverage. This will lead to more frequent failed attempts on PUCCH decoding. For this reason, the maximum payload of 11 bits is maintained in Rel-13. As a result, for class A codebooks designed for 8, 12 and 16Tx, both PUCCH reporting mode 1-1 and 2-1 are designed to distribute RI, first/second PMIs and CQIs into multiple PUCCH reports in multiple subframes as shown in Figure 1.
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Figure 1. An example of reporting instances for Rel-13 periodic CSI reporting
This leads to inter-subframe dependency which can be susceptible to the following factors:
· Error propagation: CSI decoding error in one subframe will result in faulty inference of the CSI hypothesis in the following subframes. In Rel-13, this is deteriorated for PUCCH mode 1-1 by introducing additional reporting instance for first PMI reporting.

· Priority rules: If a CSI report in a subframe is dropped due to a collision with another higher-priority UCI (such as SR or HARQ-ACK), a set of (possibly complex) priority rules needs to be defined. Typically this is feasible and has been done in Rel-13.

In Rel-13 class A CSI reporting, feedback payload associated with stage-1 precoder (i11/i12) is increased up to 10 bits (when (N1,N2,O1,O2)  = (2,4,8,8) and codebook config = 1). In order to estimate maximum PMI feedback overhead for stage-1 precoder in Rel-14 eFD-MIMO, a candidate combination of codebook configurations would be (N1,N2,O1,O2)  = (2,8,8,8). In addition to codebook configurations, rank 3 should be considered to estimate maximum payload since rank 3/4 requires one more bit in i11 to indicate the shape of beam group. If we apply Rel-13 class A principle for the PMI payload calculation, possible maximum feedback overhead can be up to 11 and 10 bits for config 1 and 2/3/4, respectively. Considering PUCCH format 2 capability, CSI reporting structure in Rel-13 class A can be reused and codebook subsampling can be applied if needed (when feedback payload of (i11/i12 > 11 bits). However, since the reporting rate of i11/i12 is expected to be comparable to RI, a payload of 10/11 bits (the maximum number of bits accommodated by format 2/2a/2b PUCCH) may result in lower coverage – at least compared to RI. Codebook subsampling, on the other hand, may degrade DL performance. 
An alternative to the above solution is to use PUCCH format 3. Although PUCCH format 3 is available to carry larger payload per resource (up to 22 bits [2]), the total number of available resources is smaller compared to PUCCH format 2/2a/2b. Note that eCA capable UE already reports periodic CSIs for multiple cells via PUCCH format 3 and 4 [4]. However, using format 3 for all class A CSI reporting scenarios seems inefficient especially when the reporting payload is sufficiently small. 
Based on the above consideration, we propose to use both PUCCH format 2/2a/2b and PUCCH format 3 with extending the legacy PUCCH reporting modes for Rel.14 eFD-MIMO, either via configurability or depending on the resource configuration. 

Observation 1: 

· The maximum feedback overhead of first PMI feedback can be estimated to 11 and 10 bits for config 1 and 2/3/4 respectively.

· Rel-13 CSI reporting based on PUCCH format 2/2a/2b can be reused in Rel-14.
· Codebook subsampling on first PMI reporting can be applied if needed.

· CSI reporting based on PUCCH format 3 should be considered to reduce inter-subframe dependency.

Proposal 1: 
· Use both PUCCH format 2/2a/2b and PUCCH format 3 for Rel-14.
· Introduce either configurability or condition for the use of both PUCCH format 2 and PUCCH format 3 for Rel-14.
3 Periodic CSI reporting via PUCCH format 3
3.1 PUCCH mode 1-1

Based on the current specification of periodic CSI reporting and observation 1, alternatives for PUCCH mode 1-1 can be summarized as follows:

· Alt 1 (analogous to submode 1 of Rel.12):

· Report 1: RI + i11/i12 (up to [13] bits)
· Report 2: WB i2 + WB CQIs (up to [11] bits)

· Alt 2:

· Report 1: RI + i11/i12 + WB i2 + WB CQIs (up to [24] bits)

The motivation of Alt 1 is to support higher payload for i11/i12 without codebook subsampling. Due to the smaller payload and corresponding lower coding rate, the probability of error propagation may be alleviated by higher error protection. Since CSI reporting overhead increment in this alternative is not severe, PUCCH format 2 can be used when some condition is satisfied. For example, when CSI reporting overhead is < x bit (x can be, e.g. 12), then PUCCH format 2 is used. Otherwise, PUCCH format 3 is used. However, it should be noted that this alternative still introduces inter-subframe dependency between two reporting instances. 

Another alternative to report periodic CSI is to design complete periodic CSI reporting which is contained within one subframe (Alt 2). To contain complete periodic CSI reporting within one subframe, codebook subsampling may need to be utilized. Codebook subsampling should be optimized to ensure that performance loss, if any, is minimum. However, in this alternative, the coverage issue considering feedback overhead should be carefully studied.
Observation 2: 

· For Alt 1, the probability of error propagation may be alleviated due to the smaller payload and corresponding lower coding rate.

· However, inter-subframe dependency between two reporting instances need to be introduced.

· For Alt 2, wideband periodic CSI reporting can be done within one subframe.

· However, there would be coverage issue considering feedback overhead.
Proposal 2: 
· Study benefits and drawbacks as a new design of periodic CSI reporting for both Alt 1 and Alt 2.
3.2 PUCCH mode 2-1

Periodic CSI reporting for PUCCH mode 2-1 can be designed by introducing additional reporting instance on the top of proposal 2. In Rel-13 PUCCH mode 2-1, UE reports i2 and corresponding CQI for the selected subband in each bandwidth part. Considering the capacity of PUCCH format 3, such multiple legacy reporting instances can be aggregated into smaller number of reporting instance. This may also lead to system performance gain since CSI reporting delay can be reduced by aggregating subband reporting instances.
Proposal 3: 
· For PUCCH mode 2-1 for class A reporting, introduce additional reporting instance on the top of proposal 2.

· In this reporting instance, multiple legacy reporting instances can be aggregated (multiple of SB i2 and SB CQIs).
4 Conclusion
This contribution has discussed extension of PUCCH reporting modes in Rel-14, and draws following observations and proposals:
Observations: 

· The maximum feedback overhead of first PMI feedback can be estimated to 11 and 10 bits for config 1 and 2/3/4 respectively.

· Rel-13 CSI reporting based on PUCCH format 2/2a/2b can be reused in Rel-14.

· Codebook subsampling on first PMI reporting can be applied if needed.

· CSI reporting based on PUCCH format 3 should be considered to reduce inter-subframe dependency.
· For PUCCH mode 1-1, two alternatives are available:
· Alt 1 (analogous to submode 1 of Rel.12):

· Report 1: RI + i11/i12 (up to [13] bits)

· Report 2: WB i2 + WB CQIs (up to [11] bits)

· Alt 2:

· Report 1: RI + i11/i12 + WB i2 + WB CQIs (up to [24] bits)

· For Alt 1, the probability of error propagation may be alleviated due to the smaller payload and corresponding lower coding rate.

· However, inter-subframe dependency between two reporting instances need to be introduced.

· For Alt 2, wideband periodic CSI reporting can be done within one subframe.

· However, there would be coverage issue considering feedback overhead.

Proposals: 
· Use both PUCCH format 2/2a/2b and PUCCH format 3 for Rel-14.

· Introduce either configurability or condition for the use of both PUCCH format 2 and PUCCH format 3 for Rel-14.
· Study benefits and drawbacks as a new design of periodic CSI reporting for both Alt 1 and Alt 2.

For PUCCH mode 2-1 for class A reporting, introduce additional reporting instance on the top of proposal 2.

· In this reporting instance, multiple legacy reporting instances can be aggregated (multiple of SB i2 and SB CQIs)
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