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1. Introduction

In RAN1#86 meeting, Mechanism 1 for Hybrid CSI was agreed to be supported in Rel-14 eFD-MIMO as follows:
Agreement
· Confirm the working assumption of hybrid CSI

· Further details on Mechanism 1 

· Reporting content

· For the 1st eMIMO-Type (CLASS A), i1(1) and x-bit RI(1) are reported, while CQI(1) and i2(1) are not reported

· If UE supports up to 2 layers, x=0

· If UE supports up to 8 layer, x=1 where RI(1)={1, 3}

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

· Note: Superscript (y) represents the y-th eMIMO-Type, where y=1,2. 

· FFS: Option for one eMIMO-Type to inherit RI reporting from another eMIMO-Type

· Working assumption: No inter-dependence between CSI calculations across two eMIMO-Types
· Reuse legacy CSI reporting mechanisms with the following refinement
· For PUCCH-based P-CSI
· Report i1(1) and RI(1)  in one subframe
· FFS: Using either PUCCH format 2 or 3
· Periodicity of the CSI of 1st eMIMO-Type is an integer multiple of RI(2) periodicity of the 2nd eMIMO-Type. 
· Subframe offset of the 1st eMIMO-Type is defined relative to RI(2) subframe offset of the 2nd eMIMO-Type. 
· FFS: Whether subframe offset of the 1st eMIMO-Type can be fixed to 0
· Priority rule for collision handling is FFS. 
· For PUSCH-based A-CSI
· FFS: what CSI(s) will be reported from UE when aperiodic CSI reporting is triggered
· Option 1: UE reports both CSI of 1st eMIMO-type and CSI of 2nd eMIMO-type.
· Option 2: UE reports either one of the 2 eMIMO-types.
· CSI encoding/mapping mechanisms is FFS.
In this contribution, we discuss remaining details on Mechanism 1 and provide our view on additional hybrid mechanism to be supported in Rel-14 eFD-MIMO.
2. Remaining details on Hybrid CSI-RS
Dependency between two eMIMO-type
In Mechanism 1, the 1st eMIMO-type of Class A is mainly used for providing long-term and/or wideband information to the eNB, and then UE measures UE specific beamformed CSI-RS based on the reported CSI of 1st eMIMO-type and reports its corresponding CSI in the 2nd eMIMO-type of Class B. If we allow some inter-dependency between two eMIMO-Types, we may save feedback overhead at the expense of increased complexity and specification efforts. Besides, it needs to be carefully investigated that such inter-dependency between two eMIMO-type brings compatible performance gain or not. Therefore, we prefer to have no inter-dependence between CSI calculations across two eMIMO-Types.
Proposal 1: No inter-dependence between CSI calculations across two eMIMO-Types.
Feedback mechanism for mechanism 1

In the following, we discuss several feedback issues on hybrid CSI reporting. We first discuss PUCCH issue and then PUSCH issue.

PUCCH-based CSI feedback
In case of PUCCH CSI feedback, the issues are PUCCH format, period and offset of 1st CSI (i.e. CSI of 1st eMIMO type) and collision handling. 

· PUCCH format

PUCCH format 2 can be used for 1st CSI feedback. If payload of 1st CSI is over 11bits then PMI subsampling can be introduced or 1st CSI, e.g., 1st W1 and 1st RI, can be reported separately with different reporting type. The maximum i1 payload size is 11-bit in the case of 32-port with 2D antenna port layouts, (O1, O2)=(8,4), codebook Config 1 and rank 3&4, which results in “1-bit RI + 11-bit i1”. In this case, a simple subsampling on orthogonal beam selection (e.g., subsampling i11 as 0,….,O1N1-1) can be introduced.
PUCCH format 3 has been considered as a candidate container for periodic 1st CSI feedback. PUCCH format 3 can contain up to 22-bit payload so that it provides a sufficient container to transmit 1st CSI in case of more than 11bits. 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.

· 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 occurs 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 2: PUCCH format 2 should be used for 1st CSI feedback unless the issues on format 3 are addressed properly.
· Period and offset of 1st CSI

Period of 1st CSI is agreed to be the multiple of RI of 2nd eMIMO type and FFS point is offset. In our view, it is desirable for eNB to configure offset, rather than restricting 0, in order to avoid collision between 1st and 2nd CSI. Also, if PUCCH format 2 is used for 1st CSI feedback, 1st RI and 1st W1 have the same period but different offset or 1st RI and 1st W1 are reported together with proper W1 subsampling.
· Collision handling

1st CSI is long term channel information and is used to determine beamforming of 2nd CSIRS so that 1st CSI should have high collision priority than legacy CSI and 2nd CSI. To ensure that, new reporting type can be introduced for 1st CSI. For example, in hybrid mechanism 1, reporting type 3’ and type 2a’ are introduced for 1st RI and for 1st W1, respectively, and the two types have higher priority than the other reporting types.

Proposal 3: Reporting types containing 1st CSI should have higher priority than reporting types containing legacy CSI or 2nd CSI and collision handling follows Rel-13 principles (e.g., based on CSI priority, CSI-process index, and CC-index).
PUSCH-based CSI feedback

On the other hand, in PUSCH CSI feedback case, the issues are whether to trigger 1st CSI and 2nd CSI separately or together, encoding/RE mapping mechanism, and CSI concatenation order.

· Triggering mechanism

According to the last agreement, there are two options: 
Option 1: UE reports both CSI of 1st eMIMO-type and CSI of 2nd eMIMO-type
Option 2: UE reports either one of the 2 eMIMO-types.
In option 1, UE complexity per CSI process increases since there are two types of CSI to be calculated in a single CSI process. In this case, in order to relaxing CSI processing complexity, one simply way is to count 1 hybrid CSI process as two CSI processes when legacy relaxation mechanism is used. For example, even when a single hybrid CSI process is configured and triggered to UE in FDD system, UE counts it as two CSI processes and set nCQI_ref  to be 5. Also, in this case, UE counts it as 2 unreported CSI processes and determines CSI updating capability, i.e.,
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On the other hand, option 2 does not increase complexity and eNB indicates which CSI reporting is triggered using CSI request field.

· Encoding/RE mapping mechanism

For high protection of 1st CSI reporting, 1st CSI should reuse the same encoding/RE mapping mechanism as legacy RI. For example, in mechanism 1, 1st W1 PUSCH reporting follows the same encoding/RE mapping mechanism as legacy RI.

Proposal 4: For high protection of 1st CSI reporting, 1st CSI should reuse the same encoding/RE mapping mechanism as legacy RI.
·  CSI concatenation order

RI encoding method depends on payload size and if it is less than 23bits RM coding is used. In this case, information occupying MSB takes advantage of high protection than LSB. Taking into account this, it is desirable to allocate 1st CSI to MSB for high protection of 1st CSI when multiple CSI processes are triggered. In non-CA case, it can be simply done by configuring low CSI process index to hybrid CSI process. On the other hand, in CA case, since CSI of low cell index occupies MSB, it is possible that legacy CSI or 2nd CSI of other CSI process takes MSB but 1st CSI takes LSB. For example, a legacy CSI process and hybrid CSI process are configured in Pcell corresponding to cell index 0 and Scell, respectively. In this case, 1st CSI of the hybrid CSI process occupies LSB because, according to the legacy CSI concatenation order, it is determined by CC index > CSI process index. To guarantee that 1st CSI takes MSB, the concatenation order should be determined by 1st CSI > CC index > CSI process index.

Proposal 5: To guarantee that 1st CSI takes MSB, the concatenation order should be determined by 1st CSI > CC index > CSI process index.

Other mechanism for Hybrid CSI
As an additional hybrid CSI mechanism, we prefer CLASS B with K>1 CSI-RS resources for the 1st eMIMO-type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-type. Especially, Option 1 which corresponds to the CRI reporting in 1st eMIMO-type is preferred. In this case, reported CRI information in 1st eMIMO-type can be utilized for determining next beam coefficients of 2nd eMIMO-type, and thereby this mechanism can be used for beam refinement. As we discussed above, no inter-dependence between CSI calculations across two eMIMO-Types is preferred in this mechanism. 
Proposal 6: Adopt Class B (K>1 with CRI reporting) and Class B (K=1) as an additional hybrid CSI mechanism.
 
3. Conclusion
In this contribution, we discussed remaining details on Mechanism 1 and provided our view on additional hybrid mechanism to be supported in Rel-14 eFD-MIMO. The observations and proposals based on the discussion are given as follow:
Proposal 1: No inter-dependence between CSI calculations across two eMIMO-Types.
Proposal 2: PUCCH format 2 should be used for 1st CSI feedback unless the issues on format 3 are addressed properly.
Proposal 3: Reporting types containing 1st CSI should have higher priority than reporting types containing legacy CSI or 2nd CSI and collision handling follows Rel-13 principles (e.g., based on CSI priority, CSI-process index, and CC-index).
Proposal 4: For high protection of 1st CSI reporting, 1st CSI should reuse the same encoding/RE mapping mechanism as legacy RI.
Proposal 5: To guarantee that 1st CSI takes MSB, the concatenation order should be determined by 1st CSI > CC index > CSI process index.

Proposal 6: Adopt Class B (K>1 with CRI reporting) and Class B (K=1) as an additional hybrid CSI mechanism.
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