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1 Introduction

In RAN#68 meeting, the WID of elevation beamforming and FD-MIMO for LTE was approved with the following objectives [1]:

· 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]
In this contribution, we discuss beamformed CSI-RS enhancements for support of FD-MIMO and potential specification impact. 

2 Discussion
Beamformed CSI-RS based schemes can provide efficient support of FD-MIMO by precoding CSI-RS ports with predetermined weights. The benefits of beamformed CSI-RS are two folds:

· Affordable UL overhead and moderate UE complexity – Instead of measuring the channel at a TXRU level, beamformed CSI-RS allows a UE to perform CSI measurement from a port perspective.  As the port-level channel has a much lower dimension compared to the TXRU-level channel, both UL feedback overhead and UE complexity can be kept on the same order as conventional MIMO in Rel-12.
· Improved CSI-RS coverage – For non-precoded CSI-RS, there is one-to-one mapping between TXRU and CSI-RS port. The coverage of non-precoded CSI-RS is limited by antenna gain of a TXRU and maximum RS power boosting. Compared to non-precoded CSI-RS, beamformed CSI-RS is transmitted over more antennas via beamforming among multiple TXRUs. The coverage can thus be improved due to the beamforming gain and full power utilization.   

It is noted that beamformed CSI-RS can be controlled either cell specifically or UE specifically. The major difference is whether the CSI-RS beamforming weights are fixed or changing over time. For cell specific beamformed CSI-RS, the beamforming weights for CSI-RS are fixed and UE can be configured with multiple beamformed CSI-RS resources for beam selection and CSI feedback. The beamforming weights for UE specific beamformed CSI-RS may be adapted based on either uplink channel measurement or UE feedback, and UE is configured with one dedicated beamformed CSI-RS resource for CSI feedback. 
However, dedicated resource allocation for UE specific beamformed CSI-RS is not efficient and may require larger CSI-RS overhead when the number of active UEs in the cell is large. Reallocation of the beamformed CSI-RS resource to UE via RRC signalling may increase unnecessary signalling overhead. Therefore, for UE specific beamformed CSI-RS, dynamic resource sharing can be considered to improve CSI-RS resource utilization. In this approach, UE can be configured with multiple beamformed CSI-RS resources that are shared by a group of UEs. But different from cell specific beamformed CSI-RS, the eNB may dynamically change the beamforming weights applied to the CSI-RS. Therefore, for CSI feedback UE may need to select one or multiple beamformed CSI-RS resources to determine the CSI. There are several benefits for this approach. Firstly, a common framework can be used for the configuration of cell specific and UE specific beamformed CSI-RS thus reducing standardization efforts. Secondly, a unified CSI feedback design is also possible since how CSI-RS is beamformed can be transparent to UE.
Proposal 1: A common CSI-RS resource configuration framework can be considered for both cell specific and UE specific beamformed CSI-RS by configuring multiple beamformed CSI-RS resources for CSI feedback. 
According to current specification, UE can be configured with up to 3 NZP CSI-RSs resources per cell. As discussed in [2], the performance of cell specific beamformed CSI-RS is very dependent on number of CSI-RS beams or beam spatial resolution. At least for 3D-UMi scenario, significant throughput performance gains are observed by increasing the number of CSI-RS beams from 4 to 8. Therefore, at least for cell specific beamformed CSI-RS the maximum number of NZP-CSI-RS resources configured to a UE can be increased to 8. For UE specific beamformed CSI-RS, the maximum number of configured CSI-RS resources may be dependent on how resources are shared among UEs, but it shall be okay to assume to be up to 8. 
For supporting up to 8 NZP CSI-RS resource configuration there is one issue to map CSI-RS ports to REs if each CSI-RS resource has 8 ports. Based on current CSI-RS pattern depicted in Figure 1, up to 5 CSI-RS resources each with 8 ports can be orthogonal multiplexed in one RB pair via FDM/TDM, e.g., max 40 CSI-RS ports per RB pair per subframe. To avoid allocating new REs for CSI-RS port mapping, it is possible to map 64 CSI-RS ports to two different subframes, but this may incur larger CSI-RS overhead e.g. 7.6% and non-negligible impact on the legacy UEs that are configured with one zero-power CSI-RS resource for EPDCCH/PDSCH RE mapping.
Since CSI-RSs are beamformed with different weights, there could be good spatial separation between two beamformed CSI-RS resources if the corresponding beamforming weights are orthogonal. Therefore, quasi-orthogonal multiplexing can be considered for beamformed CSI-RS. For example, two CSI-RS resources could occupy the same REs if the precoder for CSI-RS is orthogonal. As a result, the 64 CSI-RS ports from 8 beamformed CSI-RS resources each with 8 ports can be mapped to 32 REs in one RB pair instead of 64 REs in two subframes and the remaining 8 REs can be used for CSI-IM or EPDCCH/PDSCH RE mapping. In case of further CSI-RS overhead reduction, it is possible to consider higher order spatial multiplexing as long as CSI-RS interference can be controlled. 
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Figure 1. Rel-10/11/12 CSI-RS patterns in a RB pair

Proposal 2: Quasi-orthogonal multiplexing can be considered for beamformed CSI-RS to reduce CSI-RS overhead. A spatial multiplexing factor of two can be considered. FFS on supporting higher order spatial multiplexing. 
For beamformed CSI-RS, multiple CSI-RS resources can be configured for a CSI process. It shall be discussed whether to allow multiple CSI-RS resources for a CSI process transmitted in different subframes. Although an independent configuration of CSI-RS resources for a CSI process in terms of duty cycles and subframe offset provides more flexibility in placement, it has the following drawbacks

· Impact of legacy UEs. There is serious performance loss for puncturing the data region of legacy UEs in CSI-RS transmission subframes. Although legacy UE can be configured with zero power CSI-RS for PDSCH and EPDCCH RE mapping, this is only valid when CSI-RS transmission subframes are fully overlapped with one zero power CSI-RS configuration, e.g. on a grid of 5ms.
· Impact on DRX mode. Measuring multiple CSI-RSs resources associated with one CSI process in different subframes increases the wakeup duty cycle requirements and reduces the UE battery life. 

Also, the computation of the feedback based on beamformed CSI-RS can be more complex due to the additional beam selection. Therefore, our preference is to place multiple beamformed CSI-RS resources for a CSI process in the same subframe. This would guarantee that the legacy impact is limited to a minimum number of subframes and also reduces the computation complexity of feedback computation.
Proposal 3: All CSI-RS resources associated with one CSI process are located preferably on the same subframe. 
Another desirable feature to consider is enabling hopping for CSI-RS resource mapping over time. This is a departure from the CSI-RS design in Rel-12 where the CSI-RS locations are not changing over time. Therefore, if CSI-RS of two cells collide in one subframe, they will collide in all subframes. The collision of beamformed CSI-RS may incur serious interference due to larger beamforming gain. It is possible to use CSI-RS muting to avoid the collision of two cells CSI-RS. However, this would incur larger CSI-RS overhead and also non-negligible impact on legacy UE. Hopping mapping is beneficial to reduce the CSI-RS collision with dominant interferer cells and ensure interference randomization across CSI-RSs of different cells. As one example, for multiple CSI-RS resources in one CSI process, the RE mapping for one CSI-RS resource in one subframe is chosen from a resource configuration list which consists of a set of resource configuration indices. The selection of resource configuration index may hop over time based on system time, the CSI-RS resource index, number of CSI-RS resources and the physical cell ID. In other words, the CSI-RS ports of each CSI-RS resource can be assigned to a different RE pair in each subframe where CSI-RS port is present. Such approach will reduce the collision and randomize interference across CSI-RSs of different cells. It shall be noted also that the hopping may require the same number of CSI-RS ports are configured in all the CSI-RS resources in one CSI process. However, this shall be okay for beamformed CSI-RS.
Proposal 4: Hopping of CSI-RS resource mapping can be considered for interference randomization across CSI-RSs of different cells. The hopping shall be dependent on system time, the CSI-RS resource index, number of CSI-RS resources and the physical cell ID. 
Finally, as discussed before the beamforming weights for UE specific beamformed CSI-RS may be adapted over time. The adaptation may be caused by channel variation. For CSI measurement and feedback UE shall be indicated by the change of the beamforming weights to reset the channel measurement. Therefore, measurement resource restriction may need to be considered for beamformed CSI-RS. The restriction can be either on time domain for a set of subframes or on frequency domain for a set of PRBs. The restriction on frequency domain is similar to PRB bundling for DM-RS. If beamforming weights are same for consecutive PRBs, a joint channel estimation over multiple PRBs can be used to improve CSI-RS channel estimation performance. Otherwise the channel estimation has to be performed on per RB basis. Different from DMRS there is only one CSI-RS RE per RB pair and a larger bundling size e.g. same as subband size for CSI feedback shall be used for UE specific beamformed CSI-RS. 
For signalling design, it is preferable not to use L1 signalling to indicate the change of CSI-RS precoder since it may increase UE implementation complexity. If semi-static approach is used, UE will be configured with a time domain bundling window and frequency domain bundling size for UE speficific beamformed CSI-RS. The eNB could change the beamforming weights based on the predetermined time and frequency boundary. UE will reset the start time of a CSI measurement window based on higher layer configuration even if eNB does not change the beamforming weights.  

Proposal 5: Measurement restriction can be considered for beamformed CSI-RS via semi-static configuration of the time domain and frequency domain measurement window for NZP-CSI-RS.
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Conclusion

In this contribution, we discuss the potential enhancements for beamformed CSI-RS to support FD-MIMO. We have the following proposals:

Proposal 1: A common CSI-RS resource configuration framework can be considered for both cell specific and UE specific beamformed CSI-RS by configuring multiple beamformed CSI-RS resources for CSI feedback. 
Proposal 2: Quasi-orthogonal multiplexing can be considered for beamformed CSI-RS to reduce CSI-RS overhead. A spatial multiplexing factor of two can be considered. FFS on supporting higher order spatial multiplexing. 
Proposal 3: All CSI-RS resources associated with one CSI process are located preferably on the same subframe. 

Proposal 4: Hopping of CSI-RS resource mapping can be considered for interference randomization across CSI-RSs of different cells. The hopping shall be dependent on system time, the CSI-RS resource index, number of CSI-RS resources and the physical cell ID. 
Proposal 5: Measurement restriction can be considered for beamformed CSI-RS via semi-static configuration of the time domain and frequency domain measurement window for NZP-CSI-RS.
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