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1. Introduction
In RAN1#80, RRM enhancements in support of EBF/FD-MIMO were discussed with the following conclusion:

Conclusion:

· Continue discussion on RRM measurement enh. until RAN1 #80bis meeting  whether to enhance the RRM measurement both for connected and idle modes, e.g., CSI-RS based

· Further study should consider any impact on CRS based channels, e.g., PDCCH, PBCH, paging, and SIB

· Any enhanced proposal should not impact to a legacy UE RRM measurement behaviour

In this contribution we discuss the need of RRM enhancements for EBF/FD-MIMO further.
2. Discussion
In the past releases of LTE specifications, both cell-specific RS (CRS) and CSI-RS –based RRM measurements have been specified.
In LTE, CRS are used for RRM measurements as well as for reception of common channels and for radio link monitoring, in addition to reception of PDSCH in case of CRS-based transmission modes. Furthermore, CRS-based PDSCH transmission using transmit diversity is used as the fallback transmission scheme in all transmission modes. Also in idle mode, operation of LTE is fully based on cell-specific reference signals, including mobility, reception of paging and system information, radio link monitoring etc. 
In order to ensure that the UE is associated with a cell from which it is able to receive common channels without causing radio link failures, it is obvious that cell association needs to be based on CRS also when FD-MIMO is deployed. Furthermore, of course legacy UEs need to be considered and whatever is done to support FD-MIMO in Release 13, legacy UEs will anyway need to rely on CRS for their RRM measurements. In case of large antenna arrays this obviously brings some challenges to the virtualization of the CRS antenna ports. Basically the eNB will need to ensure the coverage of CRS by transmitting the CRS over sufficiently wide vertical beams. However, this is an eNB implementation issue and will not require any specification enhancements as such. 

In [1] it was also suggested that cell association would need to take into account that PDSCH may be better received from another cell due to elevation beamforming, and therefore the cell selection should take this into account. However, as opposed to PDSCH reception quality, serving cell selection should primarily be based on the reception quality of common channels and control channels, and thus CRS, as those are the ones that dictate for instance radio link failures. It is noted that even if serving cell selection should continue to be based on CRS, PDSCH does not necessarily need to be transmitted to the UE from the serving cell (similar to CoMP), even though in practice there are (backhaul) limitations regarding which cell can be considered to be transmitting PDSCH to the UE.

Thus we observe that there is no need for specification enhancements with respect to cell association and CRS-based RRM measurements. It is the task of the eNB to ensure sufficient coverage for CRS even when elevation beamforming is utilized in the cell.
Observations:

· Serving cell selection should continue to be based on CRS and existing RRM measurements. The eNB will have to transmit CRS with a proper virtualization method such that the coverage of CRS is not compromised even in case of FD-MIMO.

· Need to ensure the coverage of common channels and signals also for legacy UEs.

· CRS virtualization is purely an eNB implementation issue.

Thus serving cell selection should continue to be based on CRS and existing RRM measurements in order to ensure proper system operation. In context of elevation beamforming, this mechanism enables also vertical sectorization using separate cell IDs, i.e. category 1 baseline schemes. However, category 2 baseline schemes based on virtual sectorization using beamformed CSI-RS resources obviously can not be based on CRS-based RRM measurements, but rather require CSI-RS –based RRM measurements. CSI-RS –based RRM measurements would serve the purpose of selecting the best CSI-RS resource (and thus the best vertical beam) for transmitting PDSCH to the UE. Again, it is noted that this CSI-RS resource does not necessarily need to belong to the serving cell.
In [2] it was proposed that CSI-RS –based measurements would be introduced for this purpose. However, CSI-RS –based RRM measurements have already been specified as part of Release 12 discovery signal –based measurements. As part of the MeasDS-Config-r12 IE, the UE can be configured with up to 96 different CSI-RS resources to be measured, and needs to be able to report CSI-RSRP for up to three CSI-RS resources per frequency. Each CSI-RS resource is configured with the following parameters:
· Measurement CSI-RS ID

· Physical cell ID corresponding to the cell with which the CSI-RS are associated

· Scrambling identity

· Resource configuration, indicating the resource elements used for the CSI-RS (only antenna port 15 is utilized)
· Subframe offset indicating the location of the CSI-RS within the discovery signal occasion.
Furthermore each discovery signal occasion is associated with DMTC that have a periodicity of 40 ms, 80 ms or 160 ms. In context of CSI-RS –based measurements for elevation beamforming, essentially each beam can be associated with a CSI-RS resource, and the corresponding CSI-RS are beamformed accordingly. The operation is illustrated in Figure 1 assuming 40 ms discovery signal periodicity. 
[image: image1.emf]40 ms

CSI-RS for beam #2

CSI-RS for beam #1

40 ms 40 ms

Beam #1 

coverage

Beam #2 

coverage


Figure 1. Illustration of utilizing existing discovery signal -based CSI-RS measurements for beam (CSI-RS) selection. The UE can be configured to report CSI-RSRP measurements corresponding to both beams, enabling the eNB to make the beam selection. CSI-RS with antenna port 15, intended for the measurement, are received once every 40 ms.
During the online discussion in RAN1#80, it was rather unclear which part of the existing CSI-RS measurements could require modifications or enhancements. In [1], it was suggested that different antenna ports could be configured for different beams instead of configuring different CSI-RS resources. This could potentially save 50% of the overhead since ports 15 and 16 could be used instead of only antenna port 15. However, the overhead is already only 2 REs per PRB per 40 ms per CSI-RS resource corresponding to roughly 0.05% overhead in a typical case of 2 CRS ports, 3 PDCCH symbols and 2 DMRS ports. Thus, it is clearly not worth the effort to optimize the overhead further.oww How
Finally, it is noted that in principle the network is aware of the association of each configured CSI-RS resource to different cells, and could, based on the received CSI-RS –based measurement reports, hand the UE over to a cell that serves PDSCH better to the UE. This is possible by eNB implementation, however as mentioned, in our view cell selection should continue to be based on CRS-based measurements to ensure that the CRS and thus common channel reception quality is correctly reflected in the cell selection.

Observations:

· Mechanisms may be needed to support selection of virtual sector when multiple beamformed CSI-RS resources are utilized for elevation beamforming within a single cell.

· Such mechanisms are readily supported by the existing Rel-12 discovery signals: the UE can be configured to measure CSI-RSRP from beamformed CSI-RS resources.

· We have not observed any shortcomings related to using the existing measurements for the purpose.

· Thus implementation-based schemes seem sufficient.

3. Conclusion 
In this contribution we have discussed the need for RRM measurements in support of EBF/FD-MIMO. Our proposed conclusion is as follows:
Conclusion:

· No further RRM enhancements are needed for supporting EBF/FD-MIMO.
· Existing RRM measurements are sufficient.
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