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1 Introduction
SI for Elevation Beamforming/Full-Dimension (FD) MIMO for LTE [1] started at RAN1 #78-bis, and many technical issues were presented to address the baseline of the FD-MIMO discussions. In this contribution, we consider the reference signals for RRM measurements because they are one of the important issues for the successful FD-MIMO implementations. 
2 Discussion
2.1  RRM measurements in FD-MIMO
In FD-MIMO, the link performance of the UE depends on the availability of the high-gain beams. However, in practice, the measurements of such beams result in a difficult task because they are considerably sensitive due to the narrow beam width and the potential dynamic behavior of the beamforming. These challenges make the measurement results less reliable, providing incorrect information even with the averaging operations. 
To handle such problems, the measurement schemes should be improved, providing the UEs with robust data in the RSRP/RSRQ measurements. The enhanced measurements must be available in both the RRC connected mode and the idle mode. Therefore, the reference signals with which the UE measure need to be transmitted in the both modes.
It should also be requested that the compatibility between the Rel-13 UEs and the earlier releases should be carefully considered because the use of high-gain beam can impact the performance of the legacy UEs. 
Proposal 1: Improved RRC measurements should be studied.
Proposal 2: Compatibility of UEs for earlier releases should be taken into consideration.
2.2 Reference signals in FD-beamforming
In the FD-beamforming scenario, the large sensitivity in the CRS measurement is the potential problem to be solved. 
Since CRS is conventionally transmitted without beamforming, the use of beamforming for CRS should be worth exploring because it can potentially give a significant performance gain, e.g., cell coverage. This, however, can negatively impact the quality of the RSRP/RSRQ measurements, which may indirectly degrade the overall performance.
Thus, CRS with beamforming should be extensively studied and the measurements with RSRP/RSRQ should be improved for FD-MIMO.
For other reference signals such as DMRS and CSI-RS, they are not useful for measurements in FD-MIMO because they are not fully available in both connected and idle modes.
Observation 1: The measurements for RSRP/RSRQ using CRS under beamforming operation need to be improved.
Observation 2: DMRS and CSI-RS are not useful for the measurements in FD-MIMO.
2.3 RRM Measurement in FD-MIMO
Table 1 shows the rough evaluation of the measurement performances for the different beamforming setting. Here, the evaluation parameters are whether or not the CRS and the data (resource area) are beamformed, and how they cause the measurement accuracy of the RSRP and RSPQ for the Rel-13 UEs and the UEs of earlier releases, respectively.
Table 1 Expected measurement performance
	
	Beamforming
	Rel-13 UE
	Non Rel-13 UE

	
	CRS
	Data
	RSRP
	RSRQ
	RSRP
	RSRQ

	Type 1
	No
	Yes
	Very bad
	Poor
	Good
	Poor

	Type 2
	Yes
	Yes
	Good
	Poor
	Good
	Poor

	Type 3
	Limited pattern
	Limited pattern
	Better
	Moderate
	Better
	Moderate


When the beamforming is applied only to the data (Type 1), the measurement for RSRQ can result in poor quality in both the Rel-13 UEs and non-Rel-13 UEs. This is because the neighbor cells can cause relatively large interferences due to the use of the beamformed signals, which can degrade the measured RSSI. On the other hand, the RSRP for the non-Rel-13 UE should be good because the measurement assumption is essentially equal to the current implementation. But, a large RSRP error is anticipated for the Rel-13 UE due to the mismatch of the directivities between the CRS and the data.
Similarly, when the beamforming is applied to both the CRS and the data (Type 2), the measured RSRQ can be poor for both the Rel-13 and non-Rel-13 UEs because their RSSI will also be degraded by the interferences. However, since there is no mismatch of the directivity between the CRS and the data, a reasonably good RSRP should be expected for both the cases.

To reduce the undesirable interferences from other cells, it should be helpful for the eNodeB to restrict the beamforming patterns (Type 3). This allows the eNodeB to eliminate unnecessary beam patterns depending on the geographic condition. For example, the eNodeB can eliminate the upward beam patterns when it does not need to cover high-rise buildings. Such limited use of patterns should be implemented in a cell-specific way, to minimize the adjacent interference. This can significantly improve the measurement results for both the RSRP and RSRQ, giving better evaluations than in the non-limited cases.
Proposal 3: The UE should measure RSRP/RSRQ using CRS with beamforming.
Proposal 4: Limited use of beamforming patterns should be helpful to improve the measurement results.
Type 3 technique can be used with either Type 1 or Type 2. It should be, however, more effective when used with type 2 due to the improved RSRP performance. 
The combination of the beam patterns for CRS should be semi-statically configured and it should be changed depending on the interference from the neighboring cells. The change of the pattern causes erroneous measurement results in the RSRP/RSRQ measurements when it occurs during the averaging process for RSRP/RSRQ. Thus, it should be beneficial that the eNodeB provides the UE with the timing information before the pattern needs to be changed. With such information, the UE can measure the RSRP/RSRQ properly without being disturbed by the pattern change.  
Proposal 5: The eNodeB should provide the UE with the timing information concerning the change of the beam pattern combination.
3. 
Conclusions
In this contribution, the following proposals and observations are made:
Proposal 1: Improved RRC measurements should be studied.
Proposal 2: Compatibility of UEs for earlier releases should be taken into consideration.

Proposal 3: The UE should measure RSRP/RSRQ using CRS with beamforming.
Proposal 4: Limited use of beamforming patterns should be helpful to improve the measurement results.
Proposal 5: The eNodeB should provide the UE with the timing information concerning the change of the beam pattern combination.
Observation 1: The measurements for RSRP/RSRQ using CRS under beamforming operation need to be improved.
Observation 2: DMRS and CSI-RS are not appropriate for the measurements.
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