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1. Introduction

In the email discussion [1] that was sent out after RAN2#63bis in Jeju, section 2.5 addresses the issue of CSG Qoffsets w.r.t reselection between macro <-> allowed CSG on a mixed layer. Further in section 2.5 the question is asked: How are they (i.e. the Qoffsets) signalled / used?  In this contribution, we discuss several methods by which the UE can obtain CSG Qoffsets, as well as identifying some of the pro’s and con’s for each method. 
2. Definitions

Constant CSG Offset: A constant CSG offset is that which is in use when the UE uses the same CSG offset when performing reselection ranking amongst all CSG cells in a Macro cell. (aka Cell Specific)
CSG specific offset: A CSG specific offset is that which is in use when the UE uses a unique CSG offset when performing reselection ranking.  

3. Discussion
The following discussion assumes that RAN2 has (or will have) agreed that CSG specific Qoffsets are used as part of the UE’s reselection criteria. As such, there is a need for the UE to acquire a Qoffset that uniquely relates the servicing Macro to the target CSG. 
3.1 Methods
In order to provide a framework under which we establish the appropriate means by which the UE obtains the CSG Qoffset, we identify the following methods. Following this list is a table identifying some of the pros and cons for each method. 
3.1.1 Macro SIB

The UE obtains via access to the macro SIB a list that associates each CSG in the macro cell with a unique Qoffset. This implementation implies that the UE should obtain the full list at registration, or just the set of CSG Qoffsets of interest at reselection.

3.1.2 CSG SIB

The UE obtains via access to the CSG SIB a value that associates the CSG and the macro cell with a unique Qoffset. This implementation implies that the UE should obtain the CSG specific Qoffset at reselection.
3.1.3 Dedicated NAS/RRC Signalling 
The UE obtains via NAS/RRC signalling a list that associates each CSG in the macro cell with a unique Qoffset. This implementation implies that the UE should obtain the CSG specific Qoffset at the registration procedure.
3.1.4 Intelligent UE

The UE autonomously calculates a CSG specific Qoffset via an algorithm that takes as input the UE’s current RF environment. This implementation implies that Qoffset is derived from Qmeas_s and Qmeas_n using an implementation specific algorithm. 
3.1.5 Intelligent UE with configurable value

The UE autonomously calculates a CSG specific Qoffset via an algorithm that takes as input the UE’s current RF environment, and specific information about to the Macro/CSG environment that is signaled to the UE to modify default value(s). This implementation implies that Qoffset is derived from Qmeas_s, Qmeas_n and CSG_Var_s,n using an implementation specific algorithm. 
Section 5 provides an example algorithm that provides a Qoffset, when given the signal strength of the eNB and target CSG as input.  
4. Table of Pros and Cons regarding Qoffset signalling

	How UE obtains Qoffset(s)
	PRO
	CON

	Dedicated NAS/RRC 
	1. Central control allows for system wide configuration, modification and coordination of CSG specific Qoffset.

2. Provides for near real-time changes in CSG specific Qoffset with low system impact. 
	1. Requires that when a CSG is provisioned in the Macro cell, that some mechanism is employed to characterize the CSG’s environment and then generate the appropriate unique Qoffset 

2. Requires the eNB or MME or some other CN entity to maintain a list associating each CSG and its Qoffset.
3. Requires the UE is RRC Connected to obtain Qoffset data

4. Requires the UE obtain the Qoffset before ranking can occur

	Macro SIB
	1. Central control allows for system wide configuration, modification and coordination of CSG specific Qoffset.
	1. Requires that when a CSG is provisioned in the Macro cell, that some mechanism is employed to characterize the CSG’s environment and then generate the appropriate unique Qoffset

2. Requires the eNB to maintain a list associating each CSG and its Qoffset.

3. A change in the number of CSG’s in a Macro cell results in a change in SIB data. A change in SIB data requires paging event to notify UE’s of new SIB data.

4. Requires the UE obtain the Qoffset before ranking can occur

	CSG SIB
	1. Smallest system impact, as each CSG need only broadcast its own specific Qoffset.
	1. Requires that when a CSG is provisioned in the Macro cell, that some mechanism is employed to characterize the CSG’s environment and then generate the appropriate unique Qoffset.
2. Requires the UE obtain the Qoffset from the target before ranking can occur.

	Intelligent UE
	1. No signalling is required for UE to determine the CSG specific Qoffset.

2. Always provides a CSG specific Qoffset relevant to the current environment.
3. Easy to specify, as it is implementation specific
	1. Computation required at UE

2. Is not configurable by operator post manufacture.

	Intelligent UE with configurable value
	1. No signalling is necessary for UE to determine the CSG specific Qoffset 

2. Always provides a CSG specific Qoffset relevant to the current environment 

3. Easy to specify, as it is implementation specific
	1. Computation required at UE


5. Example algorithm 
Consider a cellular system in which the eNB is located at the centre of a cell with radius R and HeNB has a radius of influence r. Assume that eNB and HeNB transmit their signals with power Pe and PH, respectively. Moreover, assume that the UE is located at distance D from the eNB where we would like the reselection takes place. The scenario is illustrated in Figure 1. 
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Figure 1 Cellular system with HeNB, reselection at distance D from eNB and distance r from HeNB.

In a simplified channel model we have:
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Equation 1
The UE performs reselection when
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Equation 2
Where RSRP() is in dBm and the Q factor is in dB. For simplicity consider Q is of form
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Equation 3
Replacing Equations (1) and (3) in (2) we have
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Equation 4
Solving for q we get
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Equation 5
6. Conclusion

We have discuss multiple methods by which the UE can obtain the CSG specific Qoffsets, and provided a table that list the positive and negative qualities of each method. In addition to the standard signalling methods available to the UE by which it can obtain data from the system, we have introduced the concept that the UE can, and should, compute the CSG specific Qoffset given a implementation dependent algorithm. An algorithm capable of providing the Qoffset was provided as an example. 
7. Proposal

It is proposed that RAN2 adopts the method “Intelligent UE” or “Intelligent UE with configurable value” as the means by which he UE is supplied with a CSG specific Qoffset.
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