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1 Introduction
 In TR 36.897, the definitions of beamformed CSI-RS has been given as [1]:.

	This category comprises schemes where (at least at a given time/frequency) CSI-RS ports have narrow beam widths and hence not cell wide coverage, and (at least from the eNB perspective) at least some CSI-RS port-resource combinations have different beam directions.


Moreover, according to [2], the main objectives of this WI are:

	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]

Impact on UE and eNB complexity should be taken into account. 

eNB core requirements for EBF/FD-MIMO with active antennas will be specified in the AAS WI [AAS_BS_LTE_UTRA]. RAN4 should identify until RAN#69 whether there is a need for additional eNB core requirements that are not addressed in the AAS WI. 


Apparently, potential enhancements on reference signals for beamformed CSI-RS should be discussed in this WI. Thus,  in this contribution, we provide some of our proposals for beamformed CSI-RS schemes.

2 Enhancement of Beamformed CSI-RS

In beamformed CSI-RS cases, L ≥ 1 CSI-RS ports are virtualized to T ≥ L tranceiver units (TxRUs) based on certain beamforming weights. In other words, CSI-RS may be precoded to create multiple narrow beams pointing to different directions. In this contribution, we assume that each beam is associated with one antenna port. Based on Rel-12 specifications, there are only up to 8 CSI-RS antenna ports. Therefore, at most only 8 beams can be formed for CSI-RS transmission, and this may result in poor spatial resolution, as only some users in the cell coverage are able to receive CSI-RS properly. This is illustrated in Fig.1 where a UE is not optimally covered by one of these narrow beams. Therefore, a more flexible mechanism is desirable to optimize the performance.
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Figure 1. Beamformed CS-RS transmission
To solve this potential problem, a method based on TDM has been proposed in [3], in which CSI-RS with different beamforming patterns are transmitted in successive subframes. However, this TDM scheme may introduce latency for CSI measurements. In this contribution, we propose an enhanced CSI-RS configuration approach, wherein the beams are partitioned into multiple groups, so each group is consisted of at most 8 beams pointing to different directions. Then, CSI-RS transmissions based on each of the beam groups are assigned to different parts of the frequency bandwidth by resource block (RB)-wise arrangement or subband-wise arrangement. In other word, we consider a CSI-RS beam allocation scheme based on FDM.
Proposal:  CSI-RS transmission with different sets of beam directions can be applied in different parts of bandwidth to increase spatial resolution.
In particular, the eNB should generate LQ T x1 beamforming vectors for CSI-RS transmission, each vector is denoted as 
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,where 
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= 0,…, LQ -1, and Q is the number of beam groups. Note that each column vector 
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represents a beam direction for CSI-RS transmission. In Figure 2, it is illustrated that one CSI-RS port is virtualized to multiple TXRUs via a certain precoding vector 
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 to form a beam pointing to a specific direction.
[image: image6.png]CSI-RS

TXRU

TXRU

ey

TXRU




Figure 2. Beamformed CSI-RS transmission with a precoding vector 
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For example, consider a case with L = 8, T = 8, and Q = 4, we have 32 beams in total, and each of the 4 beam groups is consisted of 8 beams, as shown in Fig. 3.
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Figure 3. An example of beam grouping, where the 32 beams are partitioned into 4 groups with 8 adjacent beams each.
In this contribution, we consider the following two alternatives of beam groups arrangements in frequency band, namely RB-wise and subband-wise arrangements.
Alternative 1: RB-Wise Arrangement

Beam groups are assigned to different parts of the frequency bandwidth by RB-wise arrangement starting at the lowest frequency, as shown in Fig. 4. To fulfil this scheme, the eNB may only provide additional information of the number of beam groups Q to UE. By CSI-RS measurements across different RBs, the UE is able to measure CSI in all possible beam directions.
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Figure 4. Beam grouping based on RB-wise arrangement

Alternative 2: Subband-Wise Arrangement
Since the number of beam directions of beamformed CSI-RS that a UE can measure by FDM , the UE is capable of measuring all the beams in one subframe. This may introduce higher feedback overhead for beam selection reports. The feedback overhead can be decreased by subband-wise arrangement. As shown in Fig. 5, each subband is assigned one beam group. The number of beam group equals to the number of subband within bandwidth part. Hence, for each bandwidth part, when the UE selects the best sub-band within the part, it simultaneously implies the beam group which the best beam belongs to, as the subband index is equivalent to the beam group index. Thus, the feedback overhead is reduced as only the beam indices within a beam group are reported. 
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Figure 5. Beam grouping based on subband-wise arrangement
3 Conclusions
In this contribution, we have introduced a potential enhancement to beamformed CSI-RS schemes for FD-MIMO, in which the beam resolution can be increased via FDM. In particular, we propose the following :
Proposal: CSI-RS transmission with different sets of beam directions can be applied in different parts of bandwidth to increase spatial resolution.
4 References
[1] TR 36.897, “Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE”
[2] RP-151085, “New WID Proposal: Elevation Beamforming/Full-Dimension (FD) MIMO for LTE”
[3] R1-153022, “Enhanced CSI-RS and feedback for EB/FD-MIMO,” China Telecom[image: image11.png]


[image: image12.png]



6
1

_1498040651.unknown

_1500992549.unknown

