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1. Introduction
In RAN #65, the SI “Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE” was approved [1] for evaluating potential enhancements utilizing 2D active antenna arrays with different numbers of TXRUs. In this contribution, we will provide our view on potential enhancement to RRM measurement for EBF/FD-MIMO.
2. Discussion
For cell association, RSRP and/or RSRQ are measured using CRS, which can be transmitted over either wide or narrow beam in elevation domain depending on virtualization strategy of CRS antenna port when EBF/FD-MIMO with 2D active antenna array (AAA) is employed. The narrow beam CRS can provide larger cell coverage than the wide beam one since the antenna gain from using the narrow beam would be higher when a UE is located on the ground. In consideration of the target scenarios of this SI, however, UEs are assumed to be deployed in 3D space, which includes an indoor UE on a high level floor in a building. In this case, the narrow beam may not cover the indoor UE. Therefore, in order to provide regular cell coverage to UEs deployed in 3D space, use of the wide beam CRS would be more desirable. For PDSCH/EPDCCH, unicast transmission over UE-specific narrow beam is mainly carried out to increase desired signal gain and to mitigate intra/inter-cell interference if eNB acquires appropriate CSI feedback. Due to different beamforming strategies between CRS and PDSCH/EPDCCH/DMRS for EBF/FD-MIMO, the cell association based on RSRP/RSRQ measured from CRS could not be optimal in terms of system performance regarding PDSCH/EPDCCH reception. There are several cases that can give rise to such a discrepant result by CRS-based cell association: 
· Case 1: In homogeneous scenarios, adjacent macro cells have different AAA configurations (e.g., antenna array size, # of TXRUs, and antenna height).
· Case 2a: In co-channel heterogeneous scenarios, overlaid/adjacent macro and small cells have different AAA configurations.
· Case 2b: In non-co-channel heterogeneous scenarios, overlaid/adjacent macro and small cells have different AAA configurations.


Figure 1: Examples for non-optimal cell association in Cases 1, 2a, and 2b
As an example for Case 1, depicted in Figure 1, it is assumed that Macro Cell A has larger antenna array size and more number of TXRUs than those of Macro Cell B. When UE 1 is more closed to Macro Cell B than Macro Cell A, and CRS from Macro Cell B suffers better propagation condition with similar antenna array gain, then RSRP/RSRQ from Macro Cell B is higher than that from Macro Cell A. However, the received signal level of PDSCH/EPDCCH/DMRS transmitted from Macro Cell A can be higher than that from Macro Cell B due to more beamforming gain as much as overcoming poorer propagation loss with its larger antenna array size and more number of TXRUs. If the RSRP/RSRQ of Macro Cell A is high enough to reliably decode control channels, then it would be better to associate to Macro Cell A rather than to Macro Cell B in PDSCH/EPDCCH reception perspectives.
If Macro Cell B in the example above is replaced by a small cell (Small Cell A or Small Cell B in Figure 1), then the same result can be expected for Case 2a and Case 2b as depicted in Figure 1. In particular, it seems common that macro and small cells have different antenna configuration, so those undesirable results may be more probable in heterogeneous scenarios.
Observation: For EBF/FD-MIMO, cell association using RSRP/RSRQ measured from CRS may not guarantee the best performance in PDSCH/EPDCCH reception due to different beamforming gain between CRS and PDSCH/EPDCCH/DMRS.
From the observation, in order to fully exploit EBF/FD-MIMO gain expected in PDSCH/EPDCCH reception, such gain needs to be additionally captured in RRM measurement on top of CRS-based RSRP/RSRQ. There can be two alternatives depending on whether EBF/FD-MIMO gain is directly measured by a UE or not: 
· Alt. 1: A UE directly measures EBF/FD-MIMO gain using RS for RRM measurement.
· Alt. 2: eNB informs a UE of potential EBF/FD-MIMO gain.
For Alt. 1, an additional RS (saying RRM-RS) needs to be provided for RRM measurement. CSI-RS or DRS can be one of candidates for it. For RRM measurement of neighbour cells, it may be impossible or reluctant for eNB to provide configuration information on RRM-RS for the serving cells and neighbour cells to a UE due to its signalling overhead and eNB’s acquisition of it from neighbour cells. Moreover, a UE requires additional computational complexity to estimate channel from RRM-RS and to calculate beamforming gain for neighbour cells in addition to that for the serving cell. As an alternative to UE’s direct measurement, it can be considered that eNB informs a UE of potential EBF/FD-MIMO gain. eNB can assess the potential beamforming gain for a UE in accordance with AAA configuration, virtualization scheme, EBF/FD-MIMO transmission scheme, etc. If the necessity of introducing additional RRM measurement to capture EBF/FD-MIMO gain is confirmed later, then how to obtain EBF/FD-MIMO gain in a UE and how to incorporate it into CRS-based RRM measurement needs to be discussed further.
Proposal: Enhancement to RRM measurement needs to be investigated to fully exploit EBF/FD-MIMO gain in PDSCH/EPDCCH reception perspectives.
3. Conclusions
In this contribution, we have discussed potential enhancement to RRM measurement for EBF/FD-MIMO. From the discussion, we suggest the following proposal with observation:
Observation: For EBF/FD-MIMO, cell association using RSRP/RSRQ measured from CRS may not guarantee the best performance in PDSCH/EPDCCH reception due to different beamforming gain between CRS and PDSCH/EPDCCH/DMRS.
Proposal: Enhancement to RRM measurement needs to be investigated to fully exploit EBF/FD-MIMO gain in PDSCH/EPDCCH reception perspectives.
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