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1. Introduction

In this contribution, we discuss remaining details on Hybrid 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
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, and PUCCH for 1st eMIMO-type + PUSCH for 2nd eMIMO-type. Here, we denote 1st CSI and 2nd CSI for the CSI of 1st eMIMO-type and 2nd eMIMO-type, respectively. 
PUCCH-based CSI feedback
In case of PUCCH CSI feedback, the issues are PUCCH format, period and offset of 1st CSI and collision handling. 

· PUCCH format

PUCCH format 2 can be used for 1st CSI feedback. Considering the fact that the maximum payload size of 1st W1 + 1st RI is 11bits (10-bit W1 and 1-bit RI), PF2 is able to contain 1st W1 + 1st RI.
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 is issue to be addressed when PUCCH format 3 is also used for CSI feedback. 

· Ambiguity on PF3 contents in PDCCH missing case
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.
Although PF3 provides higher protection than PF2, in our view, it seems not clear that introducing PF3 is essential since legacy PF2 has no coverage issue and PUSCH feedback for 1st CSI can be used to back-up PF2.
Proposal 1: PUCCH format 2 should be used for 1st CSI feedback unless the issues on format 3 are addressed properly and benefit of using format 3 is shown clearly.
· 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. For example, if offset is limited to be 0, 2nd RI is dropped when 1st CSI is reported, which means 2nd PMI and 2nd CQI is calculated based on outdated 2nd RI. In addition, if 1st CSI period is two times larger than 2nd RI, half of 2nd RIs are dropped, lowering CSI accuracy. To configure period and offset of 1st CSI, we can reuse CRI reporting configuration.
Proposal 2: Configuring subframe offset for 1st CSI should be supported.
· Collision handling

1st CSI is long term channel information and is used to determine beamforming of 2nd CSIRS so that 1st CSI should have higher collision priority than legacy CSI and 2nd CSI. To ensure that, new reporting type can be introduced for 1st CSI. For example, reporting type 5’ for 1st RI and 1st W1 is introduced with 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 CSI corresponding either one of the 2 eMIMO-types, which is indicated by eNB.
Option 2: UE reports both CSI of 1st eMIMO-type and CSI of 2nd eMIMO-type.

 
Option 2-1: Which one will be updated is up to UE implementation.

Option 2-2: UE decides which one will be updated based on a specified mechanism.
When down selecting one of options, what we need to consider is complexity, efficiency and spec impact. 
Complexity:

From our understanding, Option 2 does not preclude the possibility for UE to update both CSI. In this case, CSI calculation complexity per CSI process increases resulting in an impact on UE implementation. On the other hand, Option 1 has no issue in terms of complexity. According to email discussion [86b-14], proponent of Option 2 raises a concern on complexity even in Option 1 due to buffering channel measurement of 1st CSI-RS. However, UE has no reason to buffer channel measurement and calculate 1st CSI every time it is triggered. That is because even though CSI reference resource changes, UE calculates the same 1st W1 based on the same channel measurement if UE stored it in buffer. So, what UE needs to do is to buffer CSI (i.e., 1st RI and 1st W1), and report it if it is triggered.
Efficiency:

In our view, Option 1 is necessary for efficient operation for Hybrid CSI-RS. This is because eNB needs to decide which CSI will be updated and reported from scheduling perspective. To be specific, CSI of 1st eMIMO-type (i.e., 1st CSI) and CSI of 2nd eMIMO-type (i.e., 2nd CSI) have different purpose; 1st CSI is used to determine beamforming of 2nd BF CSI-RS and 2nd CSI is used to determine MCS adaptation and digital beamforming. Therefore, it makes sense that eNB selects one of the two by taking into account its purpose and UE follows eNB’s decision. 
On the other hand, in Option 2-1, it is up to UE implementation which one will be updated. As a result, there is possibility that UE does not update CSI, which eNB needs, and UE update CSI, which eNB does not need. Obviously, this makes hybrid operation inefficient and limits system performance.
In Option 2-2, there is a specified mechanism so that eNB and UE have the same understanding which one is updated. However, it has more spec impact than Option 1, e.g., changing CSI reference resource definition and mechanism to decide one to be updated. Furthermore, it loses eNB flexibility to indicate CSI to be updated, whenever eNB needs the CSI. For example, eNB should be able to trigger CSI feedback for the 1st CSI, if eNB detects 1st CSI decoding failure by CRC check, or if P-CSI for 1st eMIMO-Type is dropped, or if 2nd CQI is too much lower than expected maybe due to 1st CSI decoding failure that eNB cannot detect without CRC. The specified mechanism of Option 2-2 cannot address this issue properly because UE does not know these kinds of situation.
Spec impact:

The spec impact of Option 1 is to add 1 bit in UL grant DCI. This bit is used to explicitly indicate one of the two eMIMO-type. Alternatively this 1bit is used to extend legacy CSI request field in which eMIMO-type is additionally defined by RRC signaling. This extra 1 bit cannot provide full flexibility to select eMIMO-type per CSI process but it seems proper considering tradeoff between signaling overhead and flexibility. Even in legacy system, this kind of limited flexibility to trigger AP CSI exists, which means since there are 4 CSI request states, eNB cannot trigger every possible combinations.
Option 2-1 has no spec impact and Option 2-2 has more impact than Option 1, e.g., changing CSI reference resource definition and mechanism to decide one to be updated.

Proposal 4: For PUSCH-based CSI feedback, triggering mechanism Option 1 should be supported.
· Encoding/RE mapping mechanism

, 1st CSI can reuse the same encoding/RE mapping mechanism as legacy RI. For example, in mechanism 1, 1st W1 and 1st RI PUSCH reporting follows the same encoding/RE mapping mechanism as legacy RI. With this approach, 1st CSI can take advantage of more accurate channel estimation. Alternatively, 1st CSI reuse the same encoding/RE mapping mechanism as legacy. In this case, 1st W1 is encoded in the same way as CQI.
· 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.

P-CSI for 1st CSI and AP-CSI for 2nd CSI (i.e., P+A)
In this case, P-CSI for 2nd CSI is not configured so that 2nd CSI is reported only with PUSCH in aperiodic manner. According to email discussion [86b-15], there are two options to configure the period of 1st CSI. 

· Option 1: Use legacy CSI reporting configuration for the 1st eMIMO-Type 

· Option 2: Both the A-CSI and P-CSI parameters are configured for the 2nd eMIMO-Type, and UE only reports A-CSI.
In our view, Option 1 should be supported. There is no need to configure P-CSI parameter for 2nd eMIMO-Type because there is no P-CSI for 2nd eMIMO-Type. It does not mean reverting previous agreement since it is agreed under the assumption of P+P case. For option 1, legacy mechanism for CRI period configuration can be reused. Obviously, in this case, parameters such as MCRI, Npd, MRI, NOFFSET_RI and NOFFSET_CQI are signalled only for the purpose of setting 1st CSI period so that UE only reports 1st CSI in the configured period.
The motivation of P+A combination is to report 1st CSI periodically in long term period and to report 2nd CSI on demand. Considering this motivation, basically, UE aperiodically reports only 2nd CSI. As a special case, if 1st CSI is dropped in PUCCH or eNB expects decoding failure of 1st CSI based on low 2nd CQI, UE needs to aperiodically report 1st CSI based on A-CSI trigger. Not UE but eNB can Judge this special case so that eNB should indicate which CSI is updated and reported.
Proposal 6: P-CSI for 1st CSI and AP-CSI for 2nd CSI should be supported with triggering mechanism option 1.

Proposal 7: Use legacy CRI reporting configuration to configure the reporting period for the 1st eMIMO-Type, in case of P+A.

Other mechanism for Hybrid CSI
As an additional hybrid CSI mechanism, we prefer to have 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 with one CSI process due the benefit of CSI reporting overhead saving. 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. 

Regarding “Dynamic CSI-RS resource configuration for the 2nd eMIMO-Type based on CRI reporting for 1st eMIMO-Type”, we fail to find clear evidence of introducing inter-dependency between two eMIMO-types only for this mechanism, although this dynamic resource configuration may further reduce the overall CSI overhead. In addition, the specification effort seems to be more complicated.
Proposal 8: Adopt Class B (K>1 with CRI reporting) for 1st eMIMO-type and Class B (K=1) for 2nd eMIMO-type with one CSI process 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. Here, we denote 1st CSI and 2nd CSI for the CSI of 1st eMIMO-type and 2nd eMIMO-type, respectively. The observations and proposals based on the discussion are given as follow:
Proposal 1: PUCCH format 2 should be used for 1st CSI feedback unless the issues on format 3 are addressed properly and benefit of using format 3 is shown clearly.
Proposal 2: Configuring subframe offset for 1st CSI should be supported.
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 PUSCH-based CSI feedback, triggering mechanism Option 1 should be supported.

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: P-CSI for 1st CSI and AP-CSI for 2nd CSI should be supported with triggering mechanism option 1.

Proposal 7: Use legacy CRI reporting configuration to configure the reporting period for the 1st eMIMO-Type, in case of P+A.

Proposal 8: Adopt Class B (K>1 with CRI reporting) for 1st eMIMO-type and Class B (K=1) for 2nd eMIMO-type with one CSI process as an additional hybrid CSI mechanism.
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