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1. Introduction

In RAN1#82 meeting, following agreements are made regarding Rel-13 CSI reporting with PMI, where high-level agreements on potential CSI reporting modes and types for EBF/FD-MIMO are captured. In addition, agreements on Class B CSI reporting are also given below for convenience:
	Agreements:

· For Rel. 13 EB/FD-MIMO,

· Notify RAN2 a summary of the contents of the following slides

· Note: CSI reporting mode is only associated with frequency granularity of CQI and PMI

· Specify extension of Rel.12 PUSCH based A-CSI reporting modes for FD-MIMO as follows:

· Supported A-CSI modes with PMI are the existing Rel.12 modes :

· 1-2, 2-2, 3-1, and 3-2

· Content of A-CSI reporting may depend on codebook-related parameters and CSI reporting class

· CQI, RI, PMI reported according to CSI reporting mode definition

· Size of base CQI and RI remains the same as Rel.12
· Note: Base CQI size per CW is 4 bits
· Exact PMI size and contents for class A is FFS

· Exact PMI size and contents and/or beam selection indication for class B FFS
· Details on additional CSI parameters (if supported) for class A and B are FFS
· RRC configuration details of these modes are FFS

· Specify extension of Rel.12 PUCCH based P-CSI reporting modes for FD-MIMO as follows:

· Supported P-CSI modes with PMI are the existing Rel.12 modes:

· 1-1, 2-1

· Submodes of mode 1-1 (if any) FFS

· Content of P-CSI reporting may depend on the submode (if any), codebook-related parameters and CSI reporting class

· CQI, RI, PMI reported according to CSI reporting mode definition

· Size of base CQI and RI remains the same as Rel.12
· Note: Base CQI size per CW is 4 bits
· Exact PMI size and contents for class A is FFS

· Exact PMI size and contents and/or beam selection indication for class B FFS
· Details on additional CSI parameters (if supported) for class A and B are FFS

· New CSI reporting types are possible

· RRC configuration details of these modes are FFS
· Rel. 12 CSI reporting modes without PMI are by default supported
· FFS: Enhancement for Rel. 13
Agreements:

· Study the following aspects for CSI-process reporting class B,  including but not limited to 

· Number of antenna ports L for CSI (e.g., 2, 4, 8)

· Class B Alt-1:

· Beam selection indicator (BI) definition, e.g. RSRP or CSI based, wideband vs. subband, short-term vs. long-term

· BI bitwidth (related to K)

· Support for rank>2 UE specific beamforming

· UCI feedback mechanisms on PUCCH/PUSCH

· Class B Alt-2:

· Codebook for beam selection and co-phasing  (either derived from legacy codebook(s) or codebook components, or newly designed)

· Along with the associated PMI (e.g. assuming W = W2 in the newly designed or legacy codebook) 

· UCI feedback mechanisms on PUCCH/PUSCH

· Class B Alt-3: 

· Codebook for beam selection and CSI 

· PMI contains the information of selected beam and the precoding matrix for the L-port within the selected beam

· UCI feedback mechanisms on PUCCH/PUSCH

· Class B Alt-4:
· Measurement restriction mechanism; may be also applicable to Alt-1 to 3. 

· Other aspects not precluded 


In this contribution, we further discuss necessary CSI types and reporting modes for Class A and B CSI reporting and related issues.

2. Discussion on Class A CSI reporting
In our companion contribution [1], for 2D antenna arrays, several codebook design options are investigated and their performance evaluation results are provided. According to [1], increasing feedback bits for W1 and/or W2 which represent the long-term/wideband and/or short-term/subband channel properties, respectively, brings performance enhancement. This means that allocating additional bits is important to efficiently exploit the degrees of freedom for vertical domain. 

In case of aperiodic CSI reporting, it is possible the desired feedback payload can be transmitted without any sub-sampling since it is carried by PUSCH. In case of periodic CSI reporting, however, if the existing PUCCH format 2 is employed for the CSI feedback supporting EBF/FD-MIMO, more aggressive subsampling may need to be applied or new separated CSI report types needs to be carefully designed in terms of tradeoff between the performance and the uplink UCI overhead.

Observation 1: Allocating additional bits for W1 and/or W2 brings performance enhancement, due to efficiently exploiting the degrees of freedom for vertical domain.
Observation 2: A proper PUCCH feedback container needs to be carefully investigated due to increased desired payload size for CSI feedback supporting EBF/FD-MIMO.
2.1. PUCCH feedback container
With existing PUCCH format 2, we have two options regarding PUCCH format for periodic CSI feedback in EBF/FD-MIMO system.

· Option 1: PUCCH format 2 with 13-bit payload 

In case of normal CP, up to 13 bits CSI can be reported through PUCCH format 2. However, this option seems not available for extended CP case.

· Option 2: PUCCH format 2 with 11-bit payload 
In the same way as current periodic CSI feedback, up to 11bits CSI can be reported through PUCCH format 2. As CSI feedback overhead increases due to vertical domain PMI feedback, proper PMI subsampling may be needed. As a result, to employ PUCCH format 2 for CSI feedback of EBF/FD-MIMO system, subsampling methods and corresponding performance loss should be thoroughly investigated.   
Observation 3: To employ PUCCH format 2 for CSI feedback of EBF/FD-MIMO system, subsampling methods and corresponding performance loss should be thoroughly investigated.
· Option 3: PUCCH format 3

As an alternative approach, PUCCH format 3 can be utilized for periodic CSI feedback. PUCCH format 3 can contain up to 22-bit payload so that it provides a sufficient container to transmit FD-MIMO CSI. However, since it is designed to transmit A/N (SR, as well), there are several issues to be addressed when PUCCH format 3 is also used for CSI feedback. Specifically, we discuss the following two issues when multiplexing A/N and CSI, in case when both need to be transmitted together in the same subframe.

· Issue 1: PUCCH format 3 resource selection

If different PUCCH format 3 resource (e.g. PF3CSI) from that for A/N (e.g. PF3A/N) is configured for CSI feedback, one of the two resources needs to be chosen to report A/N and CSI together when it happens to transmit both. In this case, it seems natural to use PF3A/N given that, according to current specification, A/N and CSI are reported together through A/N PUCCH resource in case of collision. Also, in this way, there is no ambiguity about the existence of A/N between UE and eNB when UE misses DCI for PDSCH.

Alternatively, PF3CSI can be used to report A/N and CSI together. In this way, resource utilization of PUCCH format 3 can be increased as eNB can allocate the PF3A/N to another UE. However, an ambiguity about the existence of A/N may occur because UE always uses the same PUCCH resource (i.e., PF3CSI) regardless of whether the UE reports CSI alone or it reports both A/N and CSI together. More specifically, if UE misses DCI for PDSCH, then it only reports CSI through PF3CSI. However, eNB expects that A/N and CSI are multiplexed in PF3CSI. To address this ambiguity, an indicator for A/N existence can be used in PF3CSI payload.

· Issue 2: PUCCH format 3 payload size

PUCCH format 3 provides an enough container to report each of A/N and CSI separately. However, obviously, there are some cases where A/N and CSI multiplexing payload is over 22bits. For example, if 5 CCs are configured in TDD UL/DL configuration 4, A/N payload alone is 20bits, according to current specification. To handle this problem, additional bundling may be applied. Given that bundling can decrease DL resource utilization due to retransmission of successfully decoded data as well, it may be considered to let UE select a bundling pattern based on A/N combination.
Proposal 1: PUCCH format for FD-MIMO CSI feedback should be determined among one of those three options, considering tradeoff between codebook size and performance.
 
2.2. CSI reporting modes and types
According to current specification, four reporting modes for periodic CSI feedback are defined in terms of CQI feedback type (i.e., WB/SB) and PMI feedback type (i.e., no PMI/ single PMI). Since there is not a ‘multiple PMI’ type in periodic PUCCH CSI feedback, while it is already there in aperiodic PUCCH CSI feedback, it seems worth considering a new reporting mode with multiple PMI for periodic PUCCH CSI feedback. However, as PTI was introduced in mode 2-1 in Rel-10, multiple PMI (which means WB and SB PMI reporting) became possible according to the reported PTI value. Thus, the need to introduce a new reporting mode for FD-MIMO feedback is unclear, in that we may simply extend the concept of PTI to support FD-MIMO CSI feedback including vertical PMI.

Meanwhile, new reporting types need to be introduced, as PMI for vertical channel in addition to that for horizontal channel is necessary at least for support of 12 or 16 CSI-RS ports. For example, new reporting type including vertical PMI can be defined and PTI can be extended to 2 bits in order to indicate vertical PMI resource granularity as well as horizontal PMI resource granularity. New reporting types including these need to be considered by taking into account PUCCH format, codebook size, and time and frequency selectivity of vertical channel and horizontal channel, and so on.
Proposal 2: Introducing new reporting types for FD-MIMO CSI feedback should be based on considering various aspects including PUCCH format, codebook size, and time/frequency selectivity of vertical/horizontal channel.

3. Discussion on Class B CSI reporting

As thoroughly discussed in our companion contributions [2], [3], and [4] for beamformed CSI-RS based operations including aperiodic CSI-RS transmission use cases, a new CSI report type of beam indicator (BI) needs to be supported in Rel-13. Our considered scheme of Class B operation showed significant performance gains [4] with configuring 2 CSI processes to UE as follows:

· CSI process#1 with Class B based on Alt.1:  K(>1) CSI-RS resources are configured
· eNB periodically transmits the K CSI-RSs. Transmit periodicity can be long, e.g., 50ms, 100ms, etc.

· UE reports BI as well as RI/PMI/CQI on the selected CSI-RS resource.
· Reporting periodicity of BI can be much longer than CSI.
· The reported BI is utilized for transmitting CSI-RS associated with CSI process#2.
· CSI process#2 with Class B based on Alt.4:  K=1 CSI-RS resource is configured
· eNB applies UE-specific beamforming coefficients on the transmitting CSI-RS by using the above reported BI, at a single measurement subframe triggered to the UE.
· UE reports RI/PMI/CQI based on the indicated single measurement subframe.
· Following this operation, the configured CSI-RS resource can be re-used among multiple UEs, where applied beamforming coefficients can be freely chosen by eNB at each CSI-RS transmitting instance.
Although the intended operation works well with the 2 CSI process configurations, it may be beneficial to further combine the two processes into one CSI process configuration, especially in case when the UE is to be served with CoMP operations together, such that one CSI process is used for one transmission point (TP) in order not to limit the maximum number of TPs serving the UE. More specifically, the combined CSI process may have K+1 CSI-RS resources, where UE’s CSI feedback is based on a particular CSI-RS resource and BI feedback is based on the remaining K CSI-RS resources.

Proposal 3: A new CSI type of BI feedback is introduced in Rel-13.

Proposal 4: At least for supporting aperiodic CSI-RS based resource pooling, it needs to be considered to support a single CSI process containing K+1 CSI-RS resources as a merged way forward between Alt.1 with BI feedback and Alt.4 with always-on MR.
4. Conclusion
In this contribution, we discussed necessary CSI types and reporting modes for Class A and B CSI reporting and related issues. The observations and proposals based on the discussion are given as follow:
Observation 1: Allocating additional bits for W1 and/or W2 brings performance enhancement, due to efficiently exploiting the degrees of freedom for vertical domain.
Observation 2: A proper PUCCH feedback container needs to be carefully investigated due to increased desired payload size for CSI feedback supporting EBF/FD-MIMO.
Observation 3: To employ PUCCH format 2 for CSI feedback of EBF/FD-MIMO system, subsampling methods and corresponding performance loss should be thoroughly investigated.
Proposal 1: PUCCH format for FD-MIMO CSI feedback should be determined among one of those three options, considering tradeoff between codebook size and performance.
Proposal 2: Introducing new reporting types for FD-MIMO CSI feedback should be based on considering various aspects including PUCCH format, codebook size, and time/frequency selectivity of vertical/horizontal channel.
Proposal 3: A new CSI type of BI feedback is introduced in Rel-13.

Proposal 4: At least for supporting aperiodic CSI-RS based resource pooling, it needs to be considered to support a single CSI process containing K+1 CSI-RS resources as a merged way forward between Alt.1 with BI feedback and Alt.4 with always-on MR.
______________________________________________________________________
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