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1. Introduction
In RAN1#82, discussion focused on the issues related to CSI measurement and feedback configuration, including CSI reporting Class/parameters, CSI process configuration framework, CSI-RS and CSI-IM configuration, measurement restriction etc. 6 WFs [1][2][3][4][5][6] were presented and discussed.  A good progress has been made as a considerable amont of agreements have been reached [7]. In this contribution we further discuss the issues related to Configurations related to CSI measurement and feedback. 
2. Discussion
2.1 CSI process configuration framework
In current specification, one NZP CSI-RS resource is configured and identified by csi-RS-ConfigNZPId in a CSI process which is used for both periodic and aperiodic CSI measurement. In Rel-13, beamformed CSI-RS will be introduced, there are three forms of beamformed CSI-RS are discussed: Periodic BFed CSI-RS in cell specific manner, periodic BFed CSI-RS in UE specific manner and Aperiodic CSI-RS.  Related details are discussed in our companion contribution[8]. 

Periodic BFed CSI-RS in cell specific manner - CSI feedback on PUCCH and PUSCH can both support this form.  However, the limited payload on PUCCH would limit the feedback. e.g. Introduction of beam index selection would need to carefully consider the flexibility to fit into small feedback overhead.  To reduce feedback overhead, PUCCH and PUSCH may have different CSI-RS resource sets.  The former should consider smaller set of CSI-RS resources or smaller dimension of each CSI-RS.  e.g. the CSI-RS resources for PUCCH is a subset of the CSI-RS resources for PUSCH.  
Periodic BFed CSI-RS in UE specific manner - UE specific beamformed CSI-RS can be supported together with measurement restriction [15] since beams on CSI-RS can be adaptive to the dynamic channel.  It does not have much issue to implement measurement restriction for aperiodic CSI as the CSI is well contained in one CSI report in a subframe.  However, problems may exist for periodic CSI on PUCCH since it takes multiple subframes usually in the order of 10ms to finish one entire CSI that contains RI/CQI/PMI.  The CSI report should depend on the same beam.  Therefore, the periodicity of measurement restriction for PUCCH feedback is larger than CSI-RS periodicity.  Compared to PUCCH, measurement restriction for PUSCH should be done in a shorter window in order to obtain full advantage of UE specific beamformed CSI-RS.  This is particularly important for TDD as the beamforming on CSI-RS varies based on dynamic CSI as CSI-RS virtualization depends entirely on CSI based on the channel reciprocity.  In addition, it is more reasonable and roubust to apply wider beam on beamformed CSI-RS for PUCCH as periodic CSI is less dynamic and feedback overhead is limited.  Therefore, there is also a need to configure different NZP CSI-RS resources for PUCCH and PUSCH in this case.  
Aperiodic BFed CSI-RS in UE specific manner - One problem of UE specific beamformed CSI-RS is overhead especially if there are a lot of UEs.  Aperiodic CSI-RS is a good way to reduce the overhead[4].  In case of aperiodic CSI-RS, the beamformed CSI-RS  may only transmit one shot at the time of aperiodic CSI triggering.  Therefore, it makes sense that aperiodic CSI-RS be used only on aperiodic CSI on PUSCH. 
Based on the above analysis, we have the following observation and proposal:
Observation 1:Due to limited feedback payload, it is difficult to support PUCCH feedback especially for UE specific schemes.  Smaller number of beamformed CSI-RS resources and lower dimension for each beam should be considered for PUCCH compared to PUSCH.
Proposal 1:Support the configuration of diffferent NZP CSI-RS resources for PUCCH and PUSCH. 
2.2 CSI Reporting Class configuration
If proposal 1 is adopoted to support the configuration of diffferent NZP CSI-RS resources for PUCCH and PUSCH, it would be easy to support the configuration of hybrid CSI-RS i.e. non-precoded CSI-RS for PUCCH and beamformed CSI-RS for PUSCH in one CSI process.  This requires the support of reporting Class A and Class B in one CSI process.  Compared to supporting Class A and Class B in two CSI processes, this would reduce the UE complexity and have less impact on support of the CoMP feature.  
Proposal 2:Support the configuration of hybrid CSI-RS based reporting i.e. Class A for PUCCH and Class B for PUSCH in one CSI process.
2.3 CSI-RS configuration

Regarding CSI-RS configuration, RAN1 has reached the agreement that for CSI reporting Class A, RAN1 will choose one of the following 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
Similarly, there are two alternatives of configuration on beamformed CSI-RS resources to support K beamformed CSI-RS resources.

•
Alt.1:  K independent CSI-RS configurations each identified by NZP-CSI-RS-ConfigId    

•
Alt.2:  One CSI-RS configuration includes K beamformed CSI-RS with K sets of resourceConfig and 1 set of subframeConfig.  
Alt.1 has higher flexibility but requires higher complexity as the UE cannot do beam selection in one subframe.  It is desirable to limit the beam selection in one subframe.  Therefore, Alt. 2 can be considered to simplify the signaling.  For aperiodic CSI-RS, an extra bit can be introduced to disable the subframeConfig information since aperiodic CSI-RS transmits only at aperiodic CSI triggering.  Therefore, we have the following proposal:

Proposal 3:CSI-RS configuration includes K beamformed CSI-RS with K sets of resourceConfig and 1 set of subframeConfig.  

Regarding the number of ports per beam Nk , it can be different for different beams.  As described in section 2.1, PUSCH and PUCCH may have different beams with different dimensions.  So within a CSI process, the beamformed CSI-RS can have different number of ports.

Proposal 4:Beamformed CSI-RS resources in a CSI process can have different number of ports Nk   
For cell specific beamformed CSI-RS based scheme, the UE is expected to measure K beamformed CSI-RS resources corresponding to K beams where K>1.  CSI-RS overhead is an issue if number of beams is large i.e. K is a large number.  Considering one of the potential benefits for beamformed CSI-RS is to reduce CSI-RS overhead, K should not be too large.  This can be supported from our simulation results in [14] that the performance starts to degrade as the CSI-RS overhead increases to a certain level.  Therefore, we should keep the CSI-RS overhead low.  In the SI, we consider the number of TXRUs≤64. To keep the CSI-RS overhead lower than non-precoded CSI-RS, it makes sense to restrict the total number of ports ≤64.  We suggest to have maxium total number of ports=32.  i.e. Np=sum(Nk) ≤32 for k=1,2…K.  With this restriction, maximum number of beams K for 8-port beamformed CSI-RS is 4.
Proposal 5:Maxium total number of ports for each CSI-RS configuration is 32. 
2.4 Pc configuration

Regarding the power offset Pc between PDSCH and CSI-RS for CSI reporting, Pc is now configured per CSI-process to support CoMP in Rel-11. If beamformed CSI-RS is configured differently for PUCCH and PUSCH, Pc should also be configured differently.  Different beams may have different coverage and generate different interference.  Therefore one should be able to adjust the power per beam for more accurate beam selection and interference coordination.  So resource set specific Pc should be supported.  In [13], non-constant modulus beamforming is considered by indicating power per port.  Indication of port level Pc can provide performance enhancement. 
Proposal 6:Adopt flexible Pc configuration, e.g. configuration specific Pc, resource set specific PC, port specific Pc
2.5 CSI Reporting Dimension
In the Study Item on EBF/FD-MIMO, companies investigated and discussed about various beamformed CSI-RS based CSI feedback and measurement. including virtual cell sectorization (with 1D/2D antenna virtualization)[9][10], reduced channel dimension based on eigen-vectors of channel covariance [11][12], beam selection for FDD, and enhanced non-PMI based feedback schemes for TDD, It has been shown in the Study Item that these techniques provide significant performance gain.  
In the FD-MIMO SI, mulitple CSI feedback techniques supported by beamformed CSI-RS have been studied.  For some of the techniques such as virtual cell sectroization, supporting L=Nk only is sufficient.  For some of the techniques such as port selection as mentioned in [15], L<Nk is desirable. Therefore L=Nk and L<Nk should be both supported.  
Proposal 7:For Class B CSI reporting, L=Nk and L<Nk should be both supported for different CSI feedback techniques.  The value of L is RRC signaled or based on PMI disabling signaling.
2.6 Codebook Subset Selection configuration
In Rel-13, codebook design is considered for different 2D antenna configurations. Number of precoders in the codebook is expected to increase significantly.  To fit into the limited overhead of PUCCH, the fixed subsampling is done for each PUCCH feedback mode in previous releases.  To adapt to different antenna configurations and scenarios, higher-layer configurable subsampling based on long term channel properties should be supported to achieve better feedback efficiency. 
Observation:fixed subsamping is not sufficient to support different antenna configurations for FD-MIMO in Rel-13
Codebook subset restriction (CSR) restricts a UE to choose the precoder within a subset of the codebook.  This can control the PMI selection of the UE but it does not reduce the feedback overhead. CSR should be extended to support codebook subset selection (CSS) which reduces the feedback overhead as well.  The benefit of CSS can be adapted to different feedback overhead so that the feedback efficiency is increased within a certain payload.  Therefore, CSS should be configured for each PUSCH and PUCCH feedback mode or for each CSI report type. 
Proposal 8:Multiple CSS configurations are supported in one CSI process
2.7 CSI-IM configuration
Similar to CoMP, multiple interference hypotheses exist when there are multiple virtual cells formed by multiple beams. To measure different interference hypotheses, one way is to configure multiple CSI-IM resources. Another way is to measure different interference hypotheses in different subframes with one CSI-IM resource. The latter way can potentially require less overhead and lower UE complexity.  On the other hand,  support of multiple CSI-IM configurations can have better flexibility to measure multiple interference hypotheses at the same time.  To reduce the CSI-IM overhead for multiple CSI-IMR configurations, aperiodic CSI-IMR should be considered. 

Proposal 9: Multiple CSI-IMR configurations in a CSI process can be considered if aperiodic CSI-IMR is supported.
3.  Conclusion

In this contribution, mutliple aspects of CSI feedback and measurement related configurations are discussed.  Proposals are summarized as follows:
Proposal 1:Support the configuration of diffferent NZP CSI-RS resources for PUCCH and PUSCH. 
Proposal 2:Support the configuration of hybrid CSI-RS based reporting i.e. Class A for PUCCH and Class B for PUSCH in one CSI process.
Proposal 3:CSI-RS configuration includes K beamformed CSI-RS with K sets of resourceConfig and 1 set of subframeConfig.  

Proposal 4:Beamformed CSI-RS resources in a CSI process can have different number of ports Nk   

Proposal 5:Maxium total number of ports for each CSI-RS configuration is 32. 
Proposal 6:Adopt flexible Pc configuration, e.g. configuration specific Pc, resource set specific PC, port specific Pc

Proposal 7:For Class B CSI reporting, L=Nk and L<Nk should be both supported for different CSI feedback techniques.  The value of L is RRC signaled or based on PMI disabling signaling.
Proposal 8:Multiple CSS configurations are supported in one CSI process

Proposal 9:Multiple CSI-IMR configuration in a CSI process can be considered if aperiodic CSI-IMR is supported.
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