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1. Introduction

In RAN1#82 meeting, following agreements are made regarding a new definition on CSI process for Rel-13 to support both of non-precoded and beamformed CSI-RS based schemes:
	Agreements:

· A CSI process is associated with K CSI-RS resources/configurations (per definition in 36.211), with Nk ports for the kth CSI-RS resource (K could be >=1)

· Note: it is up to RAN2 to design the signaling configuration structure to support the above association

· Maximum value of K is FFS

· Maximum total number of CSI-RS ports in one CSI process 
· For CSI reporting class A, the Maximum total number of CSI-RS ports is 16

· FFS the maximum total number of CSI-RS ports in one CSI process is for CSI reporting class B

· For the purpose of RRC configuration of CSI-RS resource/configuration

· For CSI reporting Class A, RAN1 will choose one of the alternatives 

· Alt.1: CSI-RS resource/configuration with Nk: =12/16 to be defined in the spec (The index of CSI-RS configuration can be configured for CSI process with K=1). 

· Alt.2: 12/16 ports CSI-RS is an aggregation of K configured CSI-RS resources/configurations with 2/4/8 ports. (K>1)

· FFS on the schemes for aggregation and port indexing

· FFS between fixed or configurable value(s) for Nk

· For CSI reporting class B, FFS for details

· Note: It is possible to extend the value of Nk: in future releases

· FFS by RAN1 on the configuration restriction of using same CSI-RS resource/configuration parameters within one CSI process (e.g. Nk , Pc, CSR, scrambling ID, subframe config., etc.) 

· FFS on the QCL on CSI-RS ports

· Inform RAN2 about the above decision to start RRC signaling structure discussion
Agreements:
· For CSI reporting classes A and B (If CSI-IM is supported and used)
· On the CSI-IM association with CSI process and CSI resource/configuration, RAN1 will down-select between the following two alternatives:

· Alt.1: A CSI process is associated with one CSI-IM  (common interference measurement resource across all CSI resources/configurations within a CSI process)

· Alt.2: A CSI process can be associated with multiple CSI-IM 

· RRC signaling framework should support different CSI resource/configuration to be associated with different CSI-IM resource configuration.
· CSI-IM resource configuration is at least supported as Rel.12 legacy
· FFS: Change on CSI-IM resource configuration


In this contribution, we further discuss the above identified FFS points with providing our high-level views on Class A/B and CSI-IM related configurations. 
2. Class A related configurations 
Class A CSI reporting implies that UE reports CSI according to W=W1W2 codebook based on {[8], 12, 16} CSI-RS ports, as captured in RAN1#82 chairman’s notes. For the purpose of RRC configuration of CSI-RS resource/configuration, RAN1 needs to choose one of the alternatives:
· Alt.1: CSI-RS resource/configuration with Nk: =12/16 to be defined in the spec (The index of CSI-RS configuration can be configured for CSI process with K=1).
· Alt.2: 12/16 ports CSI-RS is an aggregation of K configured CSI-RS resources/configurations with 2/4/8 ports. (K>1)
· FFS on the schemes for aggregation and port indexing
· FFS between fixed or configurable value(s) for Nk
Alt.1 means at least one new CSI reference signal configuration, e.g., 16 port case, is to be added and fixed in the specification. In this case, K=1 is always applied for the corresponding CSI process configuration when Class A is indicated in the configuration. Alt.1 has a merit that UE implementation cases would be minimized, and the enhancements can be easily incorporated in the existing tables of specification.

Alt.2 allows more flexibilities than Alt.1 in RRC configuration with K(>1) CSI-RS resources, where these multiple CSI-RS resources are aggregated to be measured by UE at once, to perform corresponding Class A CSI reporting. Although Alt.2 has the merit of network flexibility in aggregating K CSI-RS resources, it should be carefully considered to have proper restrictions in such configuration especially for subframe config. In our companion contribution [1], relevant evaluation results are presented where it is concluded that the maximum time difference between any ports within the same CSI-RS resource shall not be larger than 0.28ms. In addition, in the contribution we provided possible CSI-RS patterns to be considered.
Proposal 1: Maximum time difference between any configured ports within a CSI-RS resource shall not be larger than 0.28ms, considering significant performance degradation due to phase drift.

Proposal 2: Under satisfying the restriction given in Proposal 1, several possible CSI-RS patterns can be listed up, in order to conclude whether Alt.1 or Alt.2 configuration is chosen.

3. Class B related configurations 

Class B CSI reporting implies that UE reports L port CSI, based on measuring K beamformed CSI-RS resources, each with Nk ports, assuming one of the four alternatives below:
· Alt.1: Indicator for beam selection and L-port CQI/PMI/RI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.
· Alt.2: L-port precoder from a codebook reflecting both beam selection(s) and co-phasing across two polarizations jointly. Total configured number of ports in the CSI process is L.
· Alt.3: Codebook reflecting beam selection and L-port CSI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.
· Alt.4: L-port CQI/PMI/RI. Total configured number of ports in the CSI process is L. (if CSI measurement restriction (MR) is supported, it is always configured)
Especially for Alt.1 and Alt.3, K>1 is generally considered so that the UE selects at least one preferred beamformed CSI-RS resource out of the total K CSI-RS resources configured in the CSI process with Class B. For such selection feedback, Alt.1 is based on beam indicator (BI) reporting, whereas Alt.3 is based on selection codebook based reporting. Since Rel-13 is to focus on a single beamformed CSI-RS resource selection due to the limited time frame, it seems sufficient to take Alt.1 as a simple form of the selection feedback. In next releases, it is desirable to further investigate extension cases of selecting more than one CSI-RS resource to obtain vertical rank larger than 1, and in this case, Alt.3 based selection codebook structure may be more appropriate.
Regarding maximum value of K in RRC configuration of the newly defined CSI process, it is desirable to consider Class B reporting schemes to investigate which kind of scheme show the best performance and what is the corresponding value of K for the performance. In our companion contribution [2], relevant evaluation results are provided to show K up to 16 is sufficient in terms of performance based on a scheme merged between Alt.1 with BI feedback and Alt.4 with always-on MR.
Proposal 3: Maximum value of K can be 16 in Rel-13, based on a Class B scheme showing the best performance, which is combined between Alt.1 with BI feedback and Alt.4 with always-on MR.

Regarding maximum total number of CSI-RS ports in one CSI process, it can be defined to be 64 which is the same as the total number of TXRUs considered in Rel-13. In that case, if K = 16 at a maximum in a CSI process based on Proposal 1, Nk can be 4 for each k CSI-RS resource which is considered in our companion contribution [2]. Another example can be K = 8 in a CSI process, with Nk = 8 for each k CSI-RS resource. For any cases, the maximum total number of CSI-RS ports in one CSI process is limited up to 64 so that UE complexity on measuring CSI-RS is bounded up to the maximum number of ports.
Proposal 4: Maximum total number of CSI-RS ports in one CSI process can be 64, same as the total number of TXRUs considered in Rel-13.

4. CSI-IM related configurations 

In the last meeting, it was agreed to be decided whether multiple CSI-IM resources can be configured in Rel-13 CSI process or not, with following identified alternatives:

· Alt.1: A CSI process is associated with one CSI-IM  (common interference measurement resource across all CSI resources/configurations within a CSI process)
· Alt.2: A CSI process can be associated with multiple CSI-IM
· RRC signaling framework should support different CSI resource/configuration to be associated with different CSI-IM resource configuration.
In our view, this issue is related to whether the considered CSI process configuration with Class B can also be utilized to support any virtual sectorization scenarios, assuming each virtual sector is operated independently so that separated CSI-IM resource per sector needs to be configured to UE. More specifically, if an independent CSI-IM resource associated to k-th CSI-RS resource (where k = 1, 2, …, K) is supported in a CSI process configuration, UE’s preferred CSI-RS resource selection feedback can be efficiently utilized for dynamic virtual sector selection operations. Moreover, in case when each CSI-RS is transmitted from a different transmission point, such CSI process configuration can also be utilized for CoMP operations as distributed antenna scenarios. Summarizing, it seems not desired to limit use cases of Class B based CSI process configuration.

Proposal 5: It can be beneficial to support flexible usages of Rel-13 CSI process with Class B depending on network implementation, by allowing an independent CSI-IM resource configuration associated to k-th CSI-RS resource (where k = 1, 2, …, K).

5. Conclusion
In this contribution, we discussed Class A/B configuration details and CSI-IM related configurations. The proposals based on the discussion are given as follow:
Proposal 1: Maximum time difference between any configured ports within a CSI-RS resource shall not be larger than 0.5 ms, considering significant performance degradation due to phase drift.

Proposal 2: Under satisfying the restriction given in Proposal 1, several possible CSI-RS patterns can be listed up, in order to conclude whether Alt.1 or Alt.2 is chosen.

Proposal 3: Maximum value of K can be 16 in Rel-13, based on a Class B scheme showing the best performance, which is combined between Alt.1 with BI feedback and Alt.4 with always-on MR.

Proposal 4: Maximum total number of CSI-RS ports in one CSI process can be 64, same as the total number of TXRUs considered in Rel-13.

Proposal 5: It can be beneficial to support flexible usages of Rel-13 CSI process with Class B depending on network implementation, by allowing an independent CSI-IM resource configuration associated to k-th CSI-RS resource (where k = 1, 2, …, K).
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