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1. Introduction
The issue of cell association in the context of EBF/FD-MIMO has been brought up in multiple contributions including [1]

 REF _Ref410395220 \n \h 
 \* MERGEFORMAT [2]

 REF _Ref410395227 \n \h 
 \* MERGEFORMAT [3]. Specifically the issues include the variability of the narrow PDSCH beams in response to traffic or load, the issue of legacy UEs, coverage mismatch between the narrow beams used for the data channel and the wide beams formed for the common control channel. 

In the following we study different aspects of this issue that would be necessary to consider for further discussions.

2. Cell association issues
Assumptions: In this contribution we assume that the number of TXRUs associated with an antenna array is smaller than the total number of antenna elements (for e.g. 16 TXRUs associated with 64 antenna elements). We assume that for the vertical sectorization schemes described below each vertical sector comprises of 8 ports or less while the total number of ports associated with an array is 16 or more. EBF/FD-MIMO is assumed to be deployed with 16 or more Tx ports and Rel-13 UEs are assumed to recognize 16 or more ports transmission. These assumptions are useful in looking at all aspects of the cell association issue.  
TXRU configuration: The CRS and CSI-RS transmissions are subject to the port to TXRU virtualization and the subsequent TXRU to antenna element virtualization. The port to TXRU virtualization is in baseband and this allows a wide range of virtualization techniques to be used for different types of transmission signals – they can be frequency selective and time varying. The TXRU to antenna element virtualization used for CRS and CSI-RS (as well as other transmission signals) is considered to be common for a given antenna array – this virtualization is considered to be in RF and not varying in time or frequency. This implies that the eNB has to support all relevant transmission mechanisms including legacy UEs using the same TXRU virtualization. Dynamically varying RF virtualization or dedicated TXRUs for CRS ports etc. are possibilities that are not considered in this contribution.

Observation-1: TXRU virtualization is assumed to be a common constraint for an antenna array installation applicable to all transmissions from an eNB. It is considered to be wideband and time invariant within the simulation duration. A RRM solution should be applicable to a range of TXRU configurations and architectures.
Deployment strategy: Considering an antenna array enabled with 16/32/64 TXRUs, one of the goals of a deployment strategy is to arrive at the right balance of performance considering a mix of Rel-13 as well as legacy UEs. In terms of providing the best performance for both Rel-13 and legacy three main deployment strategies stand out – 

a) Vertical sectorization with different cell-id – In this case each vertical sector (8 ports or less) is assigned a separate cell-id and a corresponding CRS. The presence of CRS enables CRS based transmission modes within each sector. The vertical sectors are formed by RF beams designed to minimize interference between the vertical sectors. Example beam-patterns that can be used for vertical sectorization is shown in Figure1 and Figure2 below. UEs will be associated to one of these vertical sectors based on measurements from corresponding CRS. The RF beams are considered to be relatively static and not varying in response to traffic/load. It is expected that in this case the coverage of CRS can be reasonably matched to the PDSCH and no degradation is expected in the cell association performance. However, there will be CRS interference across the vertical sectors that will affect both control and data channel performance to a certain extent. 
Observation-2: Vertical sectorization with different cell-id deployment is not expected to cause degradation due to cell association.
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Figure 1: Beam pattern of TXRU virtualization weights for full-connection model for vertical sectorization
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Figure 2: Beam pattern of TXRU virtualization weights for sub-array model for vertical sectorization
b) Vertical sectorization with same cell-id – In this case each vertical sector (8 ports or less) is assigned a separate VCID. A common PCID and a common CRS is assigned to multiple vertical sectors comprising a single azimuth sector. This enables CSI-RS/VCID based transmission within each vertical sector. The RF beam-patterns are designed to minimize interference across the vertical sectors and take the same form as shown in Figure-1 and Figure-2. The RF beams are relatively static as described above. In order to provide optimal cell association performance the CRS or more specifically CRS port-0 in this case needs to match the broad coverage provided in aggregate by the multiple vertical sectors. A narrow CRS beam can lead to degradation of performance [4]. This can be practically challenging in certain cases considering the wide separation of the RF beams associated with the vertical sectors. 
c) EBF/FD-MIMO for Rel-13 UEs – In this case a single PCID (or VCID) is assigned to all the TXRUs associated with an antenna array (16 ports or more) and we assume that from a Rel-13 UE point of view 16 or more ports can be recognized. In order to support legacy UEs, EBF/FD-MIMO transmission with 16 or more ports may need to co-exist with the vertical sectorization methods as described in a) or b) above that may affect the design of RF beams. As in the case of b) the challenge here is also to create a CRS port-0 transmission that provides a broad coverage in elevation dimension.
Observation-3: Vertical sectorization with same cell-id deployment and EBF/FD-MIMO may lead to practical challenges for CRS transmission targeting broad elevation coverage when the RF beams associated with the underlying vertical sectors are narrow and widely separated- further investigation is needed for quantification of performance.
3. Discovery RS framework from Rel-12
In this section we consider the DRS framework introduced in Rel-12 for efficient small cell operation in SCE-PHY WI. If CRS port-0 coverage is less than optimal in terms of cell-association then additional CSI-RS based RSRP measurements (CSI-RSRP) as introduced in Rel-12 can enable the network to determine an appropriate neighbor cell for a handover if necessary. A Rel-12 UE can be configured with a list of CSI-RS configurations associated with neighbor cells and CSI-RSRP can be requested. In fact an UE can be directed to measure RSRP from any particular CSI-RS port if appropriately configured. Therefore the DRS framework in Rel-12 can be used for characterizing the environment around an UE in terms of received powers from different beams as long as the beams are relatively static.    
Proposal-1: In conjunction with CRS based measurements the DRS framework from Rel-12 enables CSI-RS based measurements – this can be considered in addressing the sub optimality in cell-association in the context of vertical sectorization, EBF/FD-MIMO.  
4. Conclusion
Observation-1: TXRU virtualization is assumed to be a common constraint for an antenna array installation applicable to all transmissions from an eNB. It is considered to be wideband and time invariant within the simulation duration. A RRM solution should be applicable to a range of TXRU configurations and architectures.

Observation-2: Vertical sectorization with different cell-id deployment is not expected to cause degradation due to cell association.
Observation-3: Vertical sectorization with same cell-id deployment and EBF/FD-MIMO may lead to practical challenges for CRS transmission targeting broad elevation coverage when the RF beams associated with the underlying vertical sectors are narrow and widely separated- further investigation is needed for quantification of performance.
Proposal-1: In conjunction with CRS based measurements the DRS framework from Rel-12 enables CSI-RS based measurements – this can be considered in addressing the sub optimality in cell-association in the context of vertical sectorization, EBF/FD-MIMO.  
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