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1. Introduction

In this contribution, we discuss the results of an analysis where by a single CSG offset is used for the reselection ranking of all CSG’s in a Macro cell. 
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

In RAN2 #63, reselection between Macro and allowed CSG was discussed. RAN2 agreed in [1], for Macro and allowed CSG reselection that: “applying the best cell reselection principle for this case for both UTRAN and E-UTRAN. Whether we have additional offsets and how they are signalled and applied is FFS.”
In addition to the agreement identified above, RAN2 identified seven remaining issues in [2] and discussed these issues on email reflector. Issue #5 and #6 ask the question as to whether an offset applied to the reselection process should be “CSG specific” or “Cell specific”. 
In this contribution, we discuss the results of an analysis using a “Constant CSG Offset” (aka Cell specific) in the Macro to allowed CSG reselection process on mixed layer. For our purposes, a CSG Qoffset is used to adjust the ranking so as to favor a CSG cell, in order to influence the cell reselection ranking of a suitable CSG cell while taking into account radio criteria. In an effort to focus on a single issue, we do not discuss how the UE obtains the CSG offset.

Our analysis models a UE that is inbound to a CSG from an eNB, and from that we summarize the effect the Constant CSG Offset has on the distance at which the UE will reselect the CSG over the eNB
The methods employed by this analysis and the numerical results can be found at the end of this contribution.
From this analysis we developed the graphics provided below to illustrate the problem. The graphics shows the effect that a Constant CSG Offset would have on the relative distance at which a UE would reselect to a CSG that is near to the macro and a CSG that is far from the macro. Two examples are provided:  
1. A UE makes a reselection ranking for a CSG that is in the influence of a weak eNB reference signal, but is using a Constant CSG Offset that is tailored for a CSG that is in the influence of a strong eNB reference signal. 

2. A UE makes a reselection ranking for a CSG that is in the influence of a strong eNB reference signal, but is using a Constant CSG Offset that is tailored for a CSG that is in the influence of a weak eNB reference signal. 
In the first illustration, the CSGb is in the influence of a weak eNB signal. But it is using a CSG Qoffset configured for CSGa that is in the influence of a strong eNB signal, therefore the reselection point may be such that the UE will not be able to establish RRC connection with the CSGb at that point due to its low RSRP. 
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In this graphic, we illustrate the coverage area of two CSG’s in the 

coverage of a single Macro cell, when a “Constant CSG Offset” is 

used that is optimized toward a CSG with a strong Macro signal. 
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In the second illustration, the CSG that is in the influence of a strong eNB. But, it is using a CSG Qoffset configured for a CSG that is in the influence of a weak eNB, therefore the transition point may be such that the UE will not reselect to the CSG until it is exceptionally close to the CSG transmitter. 


[image: image2.emf]Macro Cell

R

s

< R

n

Example: Deriving a Common CSG Offset that is 

valid for a CSG in the presence of a weak Macro 

signal.

If (Qmeas

s

 = 25, Qhyst = 0)and (Qmeas

n

 = 20)

Then 

   |Qoffset| > -5 is needed to prioritize the UE

   to CSG

b

 at the CSG

b

 cell edge.

R

s

< R

n

CSG

b

CSG

a
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The analysis shows, and the illustration visualize, that using a Constant CSG Offset for reselecting to a CSG produces a transition distance that is disproportionally large for a CSG that is in the influence a weak eNB signal when the Qoffset is configured for a CSG that is in the influence a strong eNB signal. And conversely an undesirably small transition distance occurs for a CSG that is in the influence a strong eNB signal when the Qoffset is configured for a CSG in the influence of a weak eNB signal.

Proposal #1: If RAN2 agrees that a UE shall incorporate a CSG Qoffset in the reselection process to prioritize camping towards an allowed CSG cell, a CSG specific Qoffset should be used.

4. Conclusion

It is proposed to agree on the following: 
· Proposal #1: If RAN2 agrees that a UE shall incorporate a CSG Qoffset in the reselection process to prioritize camping towards an allowed CSG cell, a CSG specific Qoffset should be used.
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6. Details of analysis model
Variation in Sphere of Influence due to the Usage of a Fixed Offset

We address the following question:

What is the impact of using a fixed offset factor in the radius of the sphere of influence of a HeNB?





I. RESELECTION MODEL

The reselection is performed at the UE by comparing the received signal strength from eNB and HeNB. Let RSSIeNB and RSSIHeNB denote the received signal strength indicator (in dB) of eNB and HeNB respectively. The user reselects HeNB when
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(1)
where RSRP
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 is the Received Signal Strength in dBm and Q is the reselection offset in dB. Note that the Q offset is not a physical amplification of the transmitted signal. The received signal strength from eNB at the right hand side of (1) is a function of distance from the eNB. In particular 
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where D is the distance from eNB and 
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 is the path loss exponent. Therefore, in order to satisfy equality in (1) the RSRP
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also needs to be a function of D. That is to say that as we get farther away from eNB, the boundary at which the reselection is taken place at is getting farther and farther away from HeNB as if the radius of influence of HeNB is getting larger and larger. This effect is the direct consequence of using a constant offset factor Q regardless of the location of HeNB. In the next section we evaluate the variation of the radius of the sphere of influence of HeNB for different choices of offset.
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Fig. 1. Cellular system with HeNB.






II. EVALUATION

A. Analytical Results


Consider a cellular system in which the eNB is located at the center of a cell with radius R and HeNB has a radius of r
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. Assume that eNB and HeNB transmit their signals with power P
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and P
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 , 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 Figure1.

In a simplified channel model with have:                                    
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(2)

For simplicity, assume that the offset is of the form 
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 Assuming that “radius of a cell” is well defined.

Replacing (2) and (3) in (1) we have 
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Satisfying equality in (4) we can obtain the offset factor
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Note that the value of Q (q) is obtained for a reselection of HeNB at distance D from eNB and on the “border” of the physical sphere of influence of HeNB.

Let assume that UE is at distance d from eNB. We are going to use the value of Q in (5) at distance d from eNB and calculate the virtual radius of influence of HeNB, s. That is we need to solve
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Replacing (2) with new parameters and (5) in (6) we get
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(7)
 Simplifying (7) results in
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which is independent of the path loss exponent 
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 and the transmission power of eNB and HeNB. Let 
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denote the smallest and largest distances at which a reselection can take place. We define 
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to be the resultant radius of sphere of influence associate to 
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(9)      

and the range of variation is                                   
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B. Numerical Results

    We consider a cell with radius R = 3000m and HeNB with range of r = 100m and study three scenarios in which the value of Q is obtained at 1) the closest point to eNB, 
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2) D = R/2= 1500m:
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3) D = R= 3000m:
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This scenario has the smallest variation of radius of influence. However, it is highly undesirable. Because the effective radius of the sphere of influence of HeNB is smaller than its actual sphere of influence of the HeNB. It means that UE must be very close to HeNB to make the reselection.
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Example: Deriving a Common CSG Offset that is valid for a CSG in the presence of a weak Macro signal.
If (Qmeass = 25, Qhyst = 0) and (Qmeasn = 20)
Then 
   |Qoffset| > -5 is needed to prioritize the UE
   to CSGb at the CSGb cell edge.
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In this graphic, we illustrate the coverage area of two CSG’s in the coverage of a single Macro cell, when a “Constant CSG Offset” is used that is optimized toward a CSG with a strong Macro signal. 
Where:
Qoffset	Specifies the offset between the Macro and CSG.
Qmeass 	Specifies RSRP measurement quantity of the Macro. 
Qmeasn	Specifies RSRP measurement quantity of the CSG.
Qhyst    	Specifies the hysteresis value for ranking criteria.
Rs = (Qmeass + Qhyst) 
Rn = (Qmeasn - Qoffset)
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Example: Deriving a Constant CSG Offset that is valid for a CSG in the presence of a strong Macro signal.
If (Qmeass = 50, Qhyst = 0) and (Qmeasn = 20)
Then 
   |Qoffset| > 30 is needed to prioritize the UE
   to CSGa at the CSGa cell edge.
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