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1. Introduction

In RAN1 #62bis meeting, we observed that each CRE(Cell Range Expansion) gives gains at least for low to moderate cell association bias values [1]. Also, many companies would have a consensus that A3-offset(Ocn or Ocs) of event A3 could be used as a CRE bias value [2][3]. 
In this contribution, we would introduce several HetNet (Heterogeneous Network) cases where NW could not efficiently utilize the mobility of UEs or might induce problematic UEs with high RLF probability in the base of the current cell-specific CRE bias value.
2. Discussion
Most companies may think that current measurement triggering scheme with cell-specific CRE bias values would be sufficient as for accommodating HetNet mobility. 

Offsets (Ocn or Ocs) are defined as [4] :
Ocn is the cell specific offset of the neighbour cell (i.e. cellIndividualOffset as defined within measObjectEUTRA corresponding to the frequency of the neighbour cell), and set to zero if not configured for the neighbour cell.
Ocs is the cell specific offset of the serving cell (i.e. cellIndividualOffset as defined within measObjectEUTRA corresponding to the serving frequency), and is set to zero if not configured for the serving cell.
According to the definition of offsets, all the UEs of a cell with HetNet cell configuration would apply the same CRE bias to the mobility function. We are concerned that there is some problem as eNB hand a UE over a different type of target cell (e.g. Macro cell to Pico cell, Macro cell to Femto cell, and so on) with the same CRE bias for all the UEs of a cell. In the following subsections, we would introduce several scenarios in which cell-specific CRE bias could not control the mobility of UEs in HetNet cell configuration.
2.1 Macro-Pico scenario
Generally, pico cell would be HotZone (i.e. HotSpot), in which a number of UEs would be included. In addition, traffic pattern of each UE is recently growing more diverse. For example, “voice traffic only” into “video stream”, “voice + data” and so on with regard to UE’s service requirement. If a UE has several types of services, resource scheduling for the UE would become more dynamic. That is, this various traffic patterns would intensify the fluctuation of the resource required for a UE. In other point of view, although UEs have the same channel quality and service requirement, the reliability of data and achievement ratio of service could be different for each UE due to different device capabilities (e.g. UE category, frequency band, number of antenna). For simple example, the UE would have only one antenna implementation and could use neither Antenna diversity scheme nor Spatial Multiplexing scheme, and thus the reliability of data and achievement ratio of service would be lower than with the capacity of two antennas. This diversity of UE capacity would also make the fluctuation of RRM for a UE worse.  Due to the cumulated fluctuation over each UE, the variation of amount of loading in the pico cell would increase, and hence load balancing between macreo and pico cells would need to be finely adjusted to UE-specific level. .
We would introduce two corner cases which would need UE-specific CRE bias values. 
When cell-specific CRE bias value is applied to PeNB and over-traffic occurs in PeNB, PeNB could not cover all UEs in pico cell as figure 1(a) and would have to return some UEs to MeNB. In order to resolve this overload, if CRE bias value is changed in the cell-specific manner, the coverage of PeNB would decrease to original pico cell area (i.e. black contour in Figure 1-(a)) since Low-end UEs and High-end UEs could not be distinguished. For that case, some of UEs (e.g. low-end UEs) would need to have different CRE bias values as figure 1(b) such as to seize an efficient load balancing with gains from CRE. For example, if PeNB is targeted for traffic off-loading from a macro cell sufficiently, Low-end UEs might have lower CRE bias values than High-end UEs since High-end UEs would tend to require more radio resource. Thus, we could achieve efficient load balancing result between MeNB and PeNB without overload, and also the gains with CRE could be maintained.
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(a) Cell-specific CRE bias                             (b) UE-specific CRE bias

Figure 1. Macro-pico scenario for load balancing
As figure 2, UE1 and UE2 have the same channel quality but different UE capabilities; UE1 have 1 antenna and UE2 2 antennas, and thus UE1 could not apply antenna diversity scheme but UE2 possible. In this case, because measurement for mobility is basically done on one antenna regardless of antenna diversity scheme, they could have the same channel quality but different channel reliabilities. UE1 would have better being served from MeNB due to low channel reliability as served in PeNB, while UE2 would have enough good channel reliability to be served in PeNB. Here, if different CRE bias values are separately applied to the UEs, it might get a benefit that prohibit UE vulnerable on low channel quality from move to PeNB. In other words, only if PeNB is enough stable in reliability for the UE to be served by, the UE should hand over to PeNB.
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Figure 2. Macro-pico scenario for link reliability
If UE-specific CRE bias value in pico cell is used, we could expect the following benefits:
· More effective load balancing

· Increase link reliability and QoS of UE
· Increase flexibility of network operation without UE complexity

· Ocn and Ocs is transmitted by RRC to UE. UE don’t need to know whether cell specific value or UE specific value.  
2.2 Macro-Femto scenario
In [5], for themacro-femto case, it seems beneficial that UEs not allowed to access femto cell could be applied CRE bias value of femto cell [5]. If MUE is under strong interference from femto cell before performs measurement restriction, it may experience a deadlock situation where the MUE does not detect RLF correctly. Therefore giving CRE bias value greater than 0 to non-allowed UE could prevent deadlock by early measurement restriction. 
Figure 3 illustrates the procedure. Once the serving eNB knows the UE is not a member, it transmits CRE bias value to the UE. Then non-allowed UE feels closer to CSG cell (neighboring), and reports this to serving cell. Finally, Non-allowed UE applies earlier the measurement restriction, then prevents deadlock situation by early applying measurement restriction. 
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Figure 3. Process for applying CRE bias value in macro-femto scenario
Figure 4 shows that non-allowed UE and allowed UE are recognized by CSG cell boundary.  
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Figure 4. Macro-femto scenario for preventing RLF of non-allowed UE
If CRE bias values in femto cell are applied for only non-allowed UE, we could expect the following benefits:

· Prevent deadlock situation in which the non-allowed UE would detect RLF incorrectly
· Because it is possible for UE to run the measurement restriction earlier before receiving strong interference from femto cell.

· Does not affect the existing operation. 
· CRE is not applied to allowed-UE. This method is just for early detection of non-allowed CSG cell. 
So we would need to consider UE-specific CRE bias value as well as Cell-specific CRE bias value. If agreed, we would require the following modification to TS 36.331 to achieve this: 
For HetNet scenarios 

 Ocn is the cell specific or UE specific offset of the neighbour cell (i.e. cellIndividualOffset as defined within measObjectEUTRA corresponding to the frequency of the neighbour cell), and set to zero if not configured for the neighbour cell.
Ocs is the cell specific or UE specific offset of the serving cell (i.e. cellIndividualOffset as defined within measObjectEUTRA corresponding to the serving frequency), and is set to zero if not configured for the serving cell.
3. Conclusion
We have considered the need for UE-specific CRE bias value as well as Cell-specific CRE bias. 
Proposal 1: For HetNet scenarios, UE-specific CRE bias would have benefits. 
Proposal 2: Criterion as for determining a UE-specific CRE bias could be UE capability (e.g. UE category, link reliability, frequency band, number of antenna), CSG membership, etc.   
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