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1 Introduction
[bookmark: OLE_LINK6][bookmark: OLE_LINK5][bookmark: OLE_LINK9][bookmark: OLE_LINK10]After the study item of Rel-13, a new WID proposal on Elevation beamforming/FD-MIMO was approved in RAN#68 meeting [1]. The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 2D antenna array with cross-poles at eNBs. The detailed objectives are as follows. 
· Specify enhancements on reference signal in the following areas [RAN1]
· Non-precoded CSI-RS, extending the existing numbers {1,2,4,8} of CSI-RS antenna ports for support of 12 and 16 CSI-RS ports, using full-port mapping
· Beamformed CSI-RS
· SRS capacity improvement
· Support for SRS transmission with 4TX antennas as a second priority
· Support of additional ports for DMRS targeting higher dimensional MU-MIMO
· The maximum number of DMRS ports that a UE may be able to receive is kept as 8
· Specify enhancements on CSI reporting in the following areas [RAN1]
· For non-precoded CSI-RS, codebook for 2D antenna arrays for support of {8,12,16} CSI-RS ports and associated necessary channel state information. 
· If there is not significant gain shown for new codebook for 8 CSI-RS ports, the current codebook for 8 CSI-RS ports is retained. 
· Necessary channel state information for beamformed CSI-RS
· Extension of Rel-12 CSI reporting mechanism for both periodic and aperiodic CSI reports
· Specify higher layer support of enhancements listed above [RAN2]
· Specify the necessary UE (if any) core requirements [RAN4]
It is well known that the beamformed CSI-RS-based schemes are good enhancement schemes, especially for large number of TxRUs because UE can get the full channel information and compute an accurate CQI. In the Rel-13 study item, many beamformed CSI-RS-based schemes were proposed. So in this contribution, we analysed these schemes from different sides and provided our views. 
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Based on the discussion on beamformed CSI-RS in Rel-13 study item, the divergences were mainly focused on vertically beamformed CSI-RS or 3D beamformed CSI-RS, cell specific or UE specific, periodic or aperiodic, one beam configuration or multiple beam configurations, etc.
· Vertically beamformed CSI-RS vs. 3D beamformed CSI-RS
For beamformed CSI-RS-based scheme, the vertically beamformed CSI-RS-based scheme is a straightforward method, where multiple CSI-RS resources are transmitted on different vertical beams. eNB can configure one or more CSI-RS resources on UE expected vertical beams for CSI measurement according to uplink SRS measurement, UE feedback by measurement of vertically beamformed DRS, or long term non-precoded CSI-RS. To save CSI-RS overhead, multiple UEs may be configured with one vertical beam for CSI measurement.
Instead of vertical precoder, 3D precoder is used in the 3D beamformed CSI-RS-based scheme, i.e. UE specific CSI-RS is beamformed by the 3D precoder. eNB can configure one or more CSI-RS resources on UE expected 3D beams. In this scheme, only 2 port CSI-RS per beam is needed for two polarizations [2]. 
However, compared with vertically beamformed CSI-RS-based scheme, only 2 port CSI-RS can be configured to legacy UEs if additional CSI-RS overhead is not introduced, this will lead to performance loss for legacy UEs. Furthermore, it’s more difficult to share the same CSI-RS recourse for different UEs because the opportunity that two separate UEs have the same 3D precoder is very low, and the new codebook and feedback scheme may be needed, especially for supporting high rank. In addition, for CSI robustness, multiple 3D beams should be configured to one UE, which may introduce large overhead. Therefore, vertically beamformed CSI-RS-based scheme seems more suitable.
Proposal 1: Vertically beamformed CSI-RS-based scheme should be adopted. 
· UE specific resource vs. cell specific resource 
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]To avoid large CSI-RS overhead and frequent RRC signalling, UE specific beamforming on configured CSI-RS resource was proposed [3]. In this approach, a serving eNB may dynamically change the beamforming weights applied on a NZP CSI-RS resource configured to a UE. To ensure that the UE resets the start time of a CSI measurement window when beamforming change occurs, the UE may explicitly or implicitly receive an indication from the eNB. Alternatively, the UE may be configured to always limit its NZP CSI-RS measurement window (e.g. to 1 subframe). However, much standard effort may be needed for this scheme, and additional CSI-RS resources should be configured for legacy UEs.
Although existing CSI-RS is assumed to be cell specific for CSI measurement on serving cell, standard supports UE-specific CSI-RS configuration by RRC signalling. Even eNB transmits multiple bemfomred CSI-RS for all UEs in the serving cell, only few beams can be configured for one UE to reduce UE complexity and feedback overhead. Also, eNB needn’t to transmit, or can remove beamformed CSI-RS on some vertical directions without UEs. Furthermore, some UEs, which have similar position or channel characteristic in vertical domain, can share one beam to reduce overhead, and this may have much benefit for backward compatibility. However, if the proposed UE specific beamforming on configured CSI-RS resource [3] is adopted, the CSI-RS resource sharing may be difficult. 
In addition, due to the fact that UE channel variation in elevation domain is very slow, the necessary update of vertical beamforming weights need not be changed frequently [4], and multiple adjacent beams can be configured to further reduce reconfiguration of CSI-RS resources. Then eNB can semi-statically configure CSI-RS resources to avoid much standard effort. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Based on our analysis, the existing standard can provide enough flexibility for CSI-RS resource configuration, and this UE specific beamforming on configured CSI-RS resource seems unnecessary.
Proposal 2: UE specific beamforming on configured CSI-RS resource (Approach 1 in 36.897) is not necessary. 
· Aperiodic vs. periodic
Current CSI-RS is periodic, and can be configured with UE specific. It can be naturally reused for beamformed CSI-RS. Therefore, we cannot find enough reason to support aperiodic CSI-RS since UE specific and periodical beamformed CSI-RS can provided enough flexibility. In addition, PDSCH rate matching may be a problem in aperiodic CSI-RS-based scheme, and the DCI redesign is needed to configure parameters to trigger aperiodic CSI-RS.
Proposal 3: Aperiodic CSI-RS (Approach 3 in 36.897) is not necessary. 
· Multiple beams vs. one beam
In the beamformed CSI-RS-based scheme, the vertical beamforming weights for each UE may be calculated based on channel reciprocity both for TDD and FDD. However, in some cases, especially in FDD, channel reciprocity may be not very reliable. To increase robustness of CSI measurement and feedback, UEs should be allowed to be configured with multiple beams. Furthermore, CSI feedback on multiple beams can assist eNB to increase scheduling flexibility, especially for multi-user scheduling.
Proposal 4: UEs should be allowed to be configured with multiple beams.
· Scheme based on hybrid beamformed CSI-RS and non-precoded CSI-RS 
Besides scenarios which the channel reciprocity can be used, the beamformed CSI-RS-based scheme also should be considered in the scenarios which the channel reciprocity cannot be used. The scheme based on hybrid beamformed CSI-RS and non-precoded CSI-RS can be considered for these scenarios. In this scheme, eNB can transmit one long term and cell specific non-precoded CSI-RS in the first step. Since the non-precoded CSI-RS is only used to measure vertical bemaforming weights, only one column CSI-RS set can be enough. After measurement of non-precoded CSI-RS, UE can feed back one preference beam index to eNB. To increase scheduling flexibility, UE can report multiple beam indexes with corresponding CQI. Finally, eNB transmits beamformed CSI-RS based on UE’s feedback.
Proposal 5: Scheme based on hybrid beamformed CSI-RS and non-precoded CSI-RS should be considered.
3 Conclusion
In this contribution, we provide our views for beamformed CSI-RS-based schemes as
Proposal 1: Vertically beamformed CSI-RS-based scheme should be adopted.
Proposal 2: UE specific beamforming on configured CSI-RS resource (Approach 1 in 36.897) is not necessary.
Proposal 3: Aperiodic CSI-RS (Approach 3 in 36.897) is not necessary. 
Proposal 4: UEs should be allowed to be configured with multiple beams.
Proposal 5: Scheme based on hybrid beamformed CSI-RS and non-precoded CSI-RS should be considered.
4 [bookmark: _Ref344215723]References
[1] RP-151028, "New WID Proposal: Elevation Beamforming/Full-Dimension (FD) MIMO for LTE", Samsung,
3GPP TSG RAN Meeting#68, Malmö, Sweden, 15th – 18th June 2015
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][2] R1-152684, "Discussion on beamformed CSI-RS-based schemes", NEC, 3GPP TSG RAN WG1 Meeting #81,
Fukuoka, Japan, 25th - 29th May 2015
[3] 3GPP TR 36.897 v13.0.0 2015-06
[4] R1-152590, “Summary of CSI enhancements and standard impacts ", CATT, 3GPP TSG RAN WG1 Meeting #81, 
Fukuoka, Japan, May 25th - 29th, 2015


