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1 Introduction  
In this contribution, the enhancements for CSI-process and transmission mode are discussed. For CSI process enhancement, there was a discussion and some agreements on CSI process definition were made at the last meeting. Based on the agreements, the following issues are further discussed in this contribution,

a) Whether CSI process can be configured with one or multiple CSI-RS resources

b) Whether CSI process can be configured with/ without CSI-IM resources

c) Whether CSI process can be configured with multiple CSI-IM resources
In addition, we also discuss whether a new transmission mode should be introduced in Rel-13.

· For the convenience, we attached the related agreements at last meeting in the following, 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)

· 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

· 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
2 NZP CSI-RS resource definition in one CSI process 

In RAN1#82, it was agreed that 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), which is applied for both CSI reporting Class A and Class B. However, the number of CSI-RS resources within one CSI process and the number of CSI-RS port for each CSI-RS resource are FFS. In the following, the number of CSI-RS resources per CSI process for CSI reporting Class A and Class B are separately discussed. 

· CSI reporting class A 

For CSI reporting Class A, it actually refers to non-precoded CSI-RS with {8, 12, 16} ports. Based on the agreement, there are two alternatives for 12 and 16 ports CSI-RS resource design which are 
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).
According to the discussion in our companion contribution [1], Alt.2 is preferred due to the flexibility and less specification effort. In this case, a CSI process is associated with K>1 CSI-RS resources and there are Nk = {2, 4, 8} ports for the kth CSI-RS resource, where K=2.
Proposal 1: For CSI reporting Class A, a CSI process is associated with K=2 CSI-RS resources.
· CSI reporting Class B
For CSI reporting Class B, the CSI-RS refers to beamformed CSI-RS. There are two types of beamformed CSI-RS which are UE-specific beamformed CSI-RS and cell-specific beamformed CSI-RS. The corresponding CSI reporting schemes are Alt.2/Alt.4 and Alt.1/Alt.3 respectively. 
For UE-specific beamformed CSI-RS, only one NZP CSI-RS resource per CSI process is sufficient. The beam selection is equivalent to the port selection in this case. NZP CSI-RS resource in Rel-12 can be reused and the number of port in one NZP CSI-RS resource is {1, 2, 4, 8}.  
Observation 1: For UE-specific beamformed CSI-RS, a CSI process is associated with one NZP CSI-RS resource.

For cell-specific beamformed CSI-RS, there are multiple beams and each beam is associated with a number of CSI-RS ports. In this case, UE selects one beam and reports the selected beam and the CSI corresponding to the selected beam. In this case, the definition and configuration of CSI process and NZP CSI-RS resource in Rel-12 can be extended to support the beam selection in Rel-13. A CSI process is associated with K (K >=1) beamformed NZP CSI-RS resources. Each NZP CSI-RS resource is associated with one candidate beam. The advantage is that any number of candidate beams can be flexibly supported and configured in one CSI process. For TDD system, eNB can accurately acquire this dedicated precoding based on the reciprocity of uplink channel. Thereby, a CSI process associated with one NZP CSI-RS resource is enough. However, in FDD system, eNB can’t acquire the dedicated precoding information for each UE. A CSI process needs to be associated with more than one candidate resources/beams. 
Observation 2: For cell-specific beamformed CSI-RS, more than one NZP CSI-RS resources per CSI process should be supported.
Based on the above discussions, there is the following observation:

Proposal 2: For CSI reporting Class B, a CSI process is associated with K>=1 CSI-RS resources and each the number of CSI-RS ports per CSI-RS resource is {1, 2, 4, 8}
3 CSI-IM resource definition in one CSI process
In TM10, a CSI process is associated with one CSI-IM for better interference measurement. For CSI reporting Class A, the legacy Rel-12 CSI-IM resource configuration can be reused for a CSI process. For CSI reporting Class B, one case may be that a CSI process is associated with multiple NZP CSI-RS resources corresponding to different beams. In this case, it may also need to configure multiple CSI-IMs for one CSI process because one CSI-IM for each beam is needed to measure the suffered interference. Another example is that two CSI-IMs can be configured in one CSI process, which are used to measure intra-cell and inter-cell interference respectively. 
Proposal 3: When CSI-IM is configured, one CSI process can be associated one or more CSI-IM.
TM10 is mainly applicable for CoMP scenario and CSI-IM is configured per each CSI process. For any non-CoMP scenarios, the CSI process can also be configured with no CSI-IM and the interference measurements can be performed on CSI-RS REs. Regarding the necessity and detail of no CSI-IM configuration in a CSI process, it can be found in our companion contribution [3].

Proposal 4: A CSI process can be configured with no CSI-IM and the interference measurement can be performed on CSI-RS.

4 New transmission mode 

In Rel-13, a few new features would be introduced to support EBF/FD-MIMO, which are listed as below:

· DCI modification in terms of  signalling the additional orthogonal DMRS ports for MU-MIMO;

· CSI reporting Class A and B
· A CSI process is associated with K>=1  NZP-CSI-RS resources;
· A CSI process can be configured with CSI-IM or no CSI-IM;
· Measurement restriction on channel and interference 

· Modified CSI-IM resource configuration in one CSI process

· Introduction of new CSI report Class to support beam selection and CSI for 12/16 non-precoded CSI-RS ports.

In order to better support these new features in Rel-13, a new transmission mode can be introduced. 

Proposal 5: Introduce TM11 for Rel-13 FD-MIMO.  
5 Conclusions
In the contribution, the CSI process definition, CSI resource configuration and CSI-IM resource configuration in one CSI process is discussed and there are the following observations and proposals:
Observation 1: For UE-specific beamformed CSI-RS, a CSI process is associated with one NZP CSI-RS resource.
Observation 2: For cell-specific beamformed CSI-RS, more than one NZP CSI-RS resources per CSI process should be supported.
Proposal 1: For CSI reporting Class A, a CSI process is associated with K=2 CSI-RS resources.
Proposal 2: For CSI reporting Class B, a CSI process is associated with K>=1 CSI-RS resources and each the number of CSI-RS ports per CSI-RS resource is {1, 2, 4, 8}.

Proposal 3: When CSI-IM is configured, one CSI process can be associated one or more CSI-IM.

Proposal 4: A CSI process can be configured with no CSI-IM and the interference measurement can be performed on CSI-RS.
Proposal 5: Introduce TM11 for Rel-13 FD-MIMO.
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