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1. Introduction

In RAN1 82bis meeting, 3GPP has some agreements for CSI measurement and reporting for Class B beamformed CSI schemes which can be summarized as follows: 

· For the scheme with K=1

· CSI (CQI/PMI/RI) is reported on PUCCH format 2/2a/2b

· Periodic CSI reporting for class B K=1
· Rel.12 periodic CSI reporting mechanisms are reused

· 1-port CSI-RS: both mode 1-0 and 2-0 follow Rel.12 description

· 2, 4, 8-port CSI-RS:

· Both for mode 1-1 and 2-1

· When configured with W2-only feedback: 

· Mode 1-1: For 2, 4, and 8-port CSI-RS, a single mode 1-1 without submodes with L-bit PMI where L≤4

· Mode 2-1: follows Rel.8 description

· When configured with legacy feedback: 

· Mode 1-1 and 2-1 follow Rel.12 description 

· Aperiodic CSI reporting for class B K=1
· Rel.12 aperiodic CSI (CQI/PMI/RI) reporting mechanism is reused

· Reporting mode descriptions:

· 1-port CSI-RS: modes 1-0, 2-0, 3-0 

· 2, 4, and 8-port CSI-RS: modes 1-2, 2-2, 3-1, 3-2

· UCI mapping on PUSCH

· Rel.12 aperiodic CSI triggering mechanism is reused

· For the scheme with K>1

· For a CSI-process configured with reporting class B with K>1 CSIRS resources, a BI and CSI is reported

· BI represents the index of a CSIRS resource within the K configured CSIRS resources

· Channel part of CSI is measured on the CSIRS resource whose index corresponds to BI

· CSI comprises legacy RI/CQI/PMI based on legacy codebook

· BI is wideband

· CSI-process Class B with K>1 can be configured with 1 or multiple CSI-IM resources

· Different NZP CSI-RS resource may be associated with different CSI-IM
· Reported BI bitwidth 

· Depends on configured value of K

· Maximum 3 bits

· Value of N_total in Rel.13 FFS until RAN1#83
· BI on PUCCH

· BI is reported on PUCCH 2/2a/2b.

· FFS additional support of PUCCH format 3

· CSI type(s) with BI has higher priority than CSI type(s) without BI

· e.g., RI, RI/W1, W2/CQI, W1/W2/CQI, PMI/CQI.

· CSI types with BI are of the same priority.

· Collision handling follows Rel.12 principles (e.g. based on CSI priority, CSI-process index, and CC-index).
· BI on PUSCH

· BI is always triggered together with CSI
· FFS the time allowed for BI+CSI reporting
· FFS if CSI can be triggered without BI

· e.g. eNB indicates a CSI-RS resource (in the CSI-process) for CSI  measurement

· e.g. CSI based on the latest BI report 

· BI mapping on PUSCH: study the following alternatives

· Alt1: BI jointly encoded with RI

· Alt2: BI independently encoded, closer to DMRS than RI

· Alt3: BI independently encoded, farther to DMRS than RI

· Alt4: BI jointly encoded with CQI/PMI

2. General Aspects of CSI reporting for Class B 
As RAN1 has agreed in RAN1 #83, a beam index (BI) up to 3 bits represents the index of a NZP CSI-RS resource within K configured CSI-RS resources for a Rel-13 CSI process. Moreover there are K CSI-IM resources associated with K NZP CSI-RS resources where K CSI-IM resources maybe use same or different CSI-IM resource configurations depending on the network implementation. Although there is no agreement yet, our understanding is that how to derive a BI can be an issue of UE implementation without specification impact. Given that BI is wideband and updated with the same or longer periodicity of RI reporting, there are multiple ways of performing long term BI tracking at the UE taking into account QCL and interference measurement based on CSI-IM, for example CSI-RS based RSRP/RSRQ, statistics of BLER/CQI, etc. Therefore the UE can freely feedback the preferred NZP CSI-RS resource among K candidates with UE’s proprietary algorithm. Therefore the UE CSI processing complex for a Rel-13 CSI process can be similar with that of a Rel-11 CSI process but with additional long term BI tracking.  
Proposal #1: How to updating BI can be left to UE implementation without specification impact so that the UE CSI process complexity due to introducing BI can be minimized as much as possible. 

A Rel-13 CSI process has been agreed to support both Class A and B reporting types in Rel 13. The definition and terminology of the Rel-13 CSI process can be slightly different from a Rel-11/12 CSI process. However in order to mitigate any potential difference between legacy CSI process and the Rel-13 CSI-process, following features should be clarified: 

· 256QAM

· Generally we don’t see any significant advantage to configure per CQI table per CSI-RS resource for Class B with K>1. Both 64QAM and 256QAM CQI tables have many common CQI entries expect for very low and high SNR regions. It seems to be very unlikely that K CSI-RS resources will have widely different preference of CQI table given that the eNB will keep tracking CSI-RS resources per UE and update corresponding configuration for the UE semi-statically. Moreover a single CQI table will also reduce UE CSI processing complexity as well. Therefore each Rel-13 CSI process is only configured with single CQI table by higher layer, using either 64QAM or 256QAM CQI table. The UE should apply that table to all K (K>=1) NZP CSI-RS and CSI-IM pairs configured in a Rel-13 CSI process when the UE will determine BI and CSI measurement thereafter. 
Proposal #2:  Each Rel-13 CSI process is configured with single CQI table by higher layer signaling.
· RI-reference CSI process
· Assuming that the concept of “RI-reference CSI process” is still supported for FD-MIMO CoMP by TM-10-like transmission mode. Then rank and codebook restriction indicated in [1] should be configured per Rel-13 CSI process per subframe set. Therefore the usage and specification constraints of rank restriction defined in Rel 11 for “RI-reference CSI process” can be fully reused for Rel-13 CSI processes for FD-MIMO CoMP.  We do not expect specification changes for those rules if we try to remain similarity between Rel 13 and legacy CSI processes. 
Proposal #3: Reuse Rel 11 rank restriction rules defined for “RI-reference CSI process” to “legacyCSRList”.  
3. Aperiodic CSI Reporting for Class B

For 1 or 2 bits CSI request field and A-CSI reporting priority due to UE processing capability, we do not expect specification changes in Rel 13 for Class B CSI reporting if we try to remain similarity between Rel 13 and legacy CSI processes. The CSI reporting schemes introduced in Rel 13, e.g. by different class B schemes and Measurement restriction (MR), will be sealed inside a Rel-13 CSI process.  Therefore the terminology of CSI process is still valid in Rel- 13 and can be re-used. Therefore this will significantly minimize specification changes due to different CSI feedback schemes.  
Proposal #4: CSI request field and A-CSI reporting priority due to UE processing capability is defined per CSI-process in Rel 13 and can reuse legacy CSI request tables and priority rules for A-CSI reporting. 

· CSI Reporting with K=1

Most changes for A-CSI reporting, in our understanding, is due to new codebooks introduced by Class B with K=1 and W2-only for 2/4/8 CSI ports. Therefore new RRC parameter like “PMI_Config” is needed since there are 2/3/2 codebook designs available for 2/4/8 CSI-RS ports respectively from the UE perspective. Note that beamformed or non-beamformed CSI-RSs are transparent to the UE and a purely network implementation. Two RRC parameters “PMI_Config” and “alternativeCodeBookEnabledFor4TX-r12” will jointly determine which 4Tx codebook should be used while deriving PMI/RI/CQI information. Corresponding A-CSI reporting modes 3-1, 1-2, 2-2 and 3-2 in specification should be updated accordingly. 
· CSI Reporting with K>1

One of open issues for Class B with K>1 is whether A-CSI reporting can be triggered without BI. Given that BI is a wideband and long term beam selection, e.g. with multiple periodicity of RI reporting, the eNB can avoid triggering CSI feedback always with BI to save payload size up to 3 bits per report. Therefore reported CSI (RI/PMI/RI) corresponding to selected beam/NZP CSI-RS resource can be conditioned on the last reported BI from the UE. A high layer signalling can be used to switch on/off such a restriction. 

Proposal #5: It is slightly preferred to support A-CSI reporting without BI by a high layer signalling, by which reported CSI (RI/PMI/RI)  should be conditioned on the last reported BI. 
4. Periodic CSI Reporting for Class B

· CSI Reporting with K=1

Most changes for P-CSI reporting, in our understanding, is due to new codebooks introduced by Class B with K=1 and 2/4/8 CSI ports. Single mode 1-1 and mode 2-1 should be updated accordingly in specification for P-CSI reporting. 
· CSI Reporting with K>1

Since the periodicity of BI reporting is RRC configured as an integer multiple of the periodicity of RI, a BI can be reported separately from the reporting of RI. Therefore a new PUCCH reporting type “BI only” up to 3 bits should be introduced with corresponding periodicity and subframe offset parameters configured by high layer signalling. 
Proposal #6: Introduce new PUCCH reporting type with “BI only” up to 3 bits

Moreover, a joint reporting of RI and BI should be also supported if the eNB prefers to receive RI and BI reporting simultaneously, for example extending PUCCH reporting types, 3/5/6 to 3a/5a/6a, 

· PUCCH reporting type 3a supporting RI+BI for reporting mode 2-1 and submode 2

· PUCCH reporting type 5a supporting RI+PMI1+BI for reporting submode 1

· PUCCH reporting type 6a supporting PTI+RI+BI for reporting mode 2-1

Proposal #7: Extend PUCCH reporting types 3/5/6 for a joint RI and BI reporting 

Specifications related to conditions and dropping rules for P-CSI reporting should be clarified for new reporting types with BI:

· The RI is reported conditioned on the last reported BI for periodic reporting. 
· If the UE does not have the last reported BI due to CSI dropping or use a BI assumption different from the last reported BI, the condition of RI reporting is unspecified. The eNB should treat this reporting invalid.  
· In Rel 11, the dropping rule follows the order of CSI reporting types, the index of CSI process and then the index of CC. Those dropping rules can be reused here. And as agreed by RAN1 82bis, the reporting type(s) with BI will have a higher priority than all other reporting types without BI,  the index of CSI process and the index of CC. 
Proposal #8: Clarify reporting conditions and dropping rules for P-CSI reporting for new PUCCH reporting types with BI

5. Conclusions

In this contribution we have discussed potential specification impact related to CSI reporting for Class B. Based on our analysis, we have following observations and proposals: 

Proposal #1: How to updating BI can be left to UE implementation without specification impact so that the UE CSI process complexity due to introducing BI can be minimized as much as possible. 

Proposal #2:  Each Rel-13 CSI process is configured with single CQI table by higher layer signaling.

Proposal #3: Reuse Rel 11 rank restriction rules defined for “RI-reference CSI process” to “legacyCSRList”.  

Proposal #4: CSI request field and A-CSI reporting priority due to UE processing capability is defined per CSI-process in Rel 13 and can reuse legacy CSI request tables and priority rules for A-CSI reporting. 

Proposal #5: It is slightly preferred to support A-CSI reporting without BI by a high layer signalling, by which reported CSI (RI/PMI/RI)  should be conditioned on the last reported BI. 

Proposal #6: Introduce new PUCCH reporting type with “BI only” up to 3 bits

Proposal #7: Extend PUCCH reporting types 3/5/6 for a joint RI and BI reporting 

Proposal #8: Clarify reporting conditions and dropping rules for P-CSI reporting for new PUCCH reporting types with BI
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