
3GPP TSG RAN WG2 #62bis





     Tdoc-R2-083460
Warsaw, Poland, 30th June – 4th July 2008
Agenda item:

5.6
Source:


NTT DOCOMO
Title:


CSG mobility scenarios
Document for:

Discussion
1.  Introduction
Mobility control regarding CSG has been discussed by email between RAN2 #61bis and #62 [1] and between #62 and #62bis. It seems a number of companies are insisting to reserve a certain Physical Cell ID (PCI) range for CSG cells. Moreover, the assumption seems to be that the UE checks the Global Cell ID (GCI) of the CSG cell before performing the measurement report that triggers handover. Before agreeing to such principles, it would be beneficial to identify the possible CSG mobility scenarios and the desired behaviour in each case. This should help clarify in what scenarios PCI splitting can be beneficial, and in what scenarios not. This paper focuses on active mode mobility. However, the similar obsevations should be applicable also to idle mode mobility.
2. CSG mobility scenarios
When mobility drivers were discussed for Stage 2, it has been agreed that intra-frequency mobility should be based purely on radio conditions [2]. This is because as soon as other aspects are considered, interference problems arise deteriorating the spectral efficiency. As such, any cell that meets the “best cell” criteria (i.e., Event A3: neighbour > serving + offset) should be reported to the serving cell, irrespective of whether the UE is allowed to access that cell or not. Any efforts to consider other aspects like CSG is against nature, and the fundamental “best radio” principle should not be distorted. Hence, any optimisation for CSG handling, including PCI splitting, should be considered only based on the benefits thought for inter-frequency mobility.
Table 1 shows possible CSG mobility scenarios and the desired behaviours by the UE/ NW. The table also shows the benefits of splitting PCI between Macro and CSG cells, and the benefits of implementing a CSG-PCI whitelist (list of PCIs of the accessible CSGs) in the UE, as part of the fingerprint.
It should be noted that as a fundamental principle, in any case, handover is network controlled, i.e., the network should initiate handover based on a measurement report (MR) received from the UE. The MR trigger to be used (e.g., Event A3: neighbour > serving + offset for time-to-trigger) depends on the mobility policy. In the second column, different types of cells are considered that would trigger the MR.

In Table 1 the following abbreviations are used in the second column:
· Macro:
a macro cell that the UE is allowed to access, i.e., R-PLMN or E-PLMN;
· xMacro:
a macro cell that the UE is not allowed to access, i.e., forbidden PLMN;

· CSG:
a CSG cell that the UE is allowed to access;

· xCSG:
a CSG cell that the UE is not allowed to access.
In the third column, the choice would be among the followings:
· MR + HO:
The UE should perform an MR and handover should be triggered;
· MR + divert:
The UE should perform an MR and be diverted to another frequency;
· No MR + stay:
The UE should not perform MR, i.e., the UE should stay on the current cell;

It should be noted that the mobility in Scenarios 1, 2 and 3 is based on network initiation, based on the currently agreed procedures using the currently agreed measurement objects and reporting configurations. In Scenarios 4 and 5, the mobility would be based on UE “suggestion”, i.e., indication from the UE being in the vicinity of a CSG, based on fingerprint. Hence, the only cases where potential “gap requests” are involved are Scenarios 4 and 5. It should be noted that the “gap request” in these cases are not just for GCI reading, but for getting measurement gaps to perform CSG cell search and measurements.
Table 1  CSG mobility scenarios – desired behaviours and benefits of PCI splitting / CSG-PCI whitelist.

	Scenario
	Type of cell triggering MR
	Desired behaviour
	Benefit of splitting PCI

	
	
	
	CSG UE
	Non-CSG UE

(empty whitelist)

	Scenario 1: Intra-F in a mixed carrier

- Mobility based on best radio principle (based on A3: neighbour > serving + offset)
	Macro
	MR + HO
	· UE can limit when to read GCI.
	· No benefit

	
	xMacro
	MR + divert
	· 
	· 

	
	CSG
	MR (w/ GCI) + HO
	· 
	· 

	
	xCSG
	MR + divert
	· 
	· 

	Scenario 2: Intra-F in a dedicated carrier

- Mobility based on best radio principle (based on A3: neighbour > serving + offset)
	CSG
	MR (w/ GCI) + HO
	· No benefit
	· N/A

	
	xCSG
	MR + divert
	· 
	· 

	Scenario 3: Inter-F to a mixed carrier (1)

- Inter-F mobility desired to Macro (or accessible CSG) due to e.g., losing coverage of current freq., load balancing
	Macro
	MR + HO
	· UE can limit when to read GCI.
	· Helps prevent unnecessary MR (on xCSG)

	
	xMacro
	No MR + stay
	· 
	· 

	
	CSG
	MR (w/ GCI) + HO
	· 
	· 

	
	xCSG
	No MR + stay
	· 
	· 

	Scenario 4: Inter-F to a mixed carrier (2)

- Inter-F mobility desired only if UE enters accessible CSG coverage
	Macro
	No MR + stay
	· UE can limit when to read GCI.

· Helps prevent unnecessary MR (on Macro/ xMacro)
	· N/A

	
	xMacro
	No MR + stay
	· 
	· 

	
	CSG
	MR (w/ GCI) + HO
	· 
	· 

	
	xCSG
	No MR + stay
	· 
	· 

	Scenario 5: Inter-F to a dedicated carrier

- Inter-F mobility desired only if UE enters accessible CSG coverage
	CSG
	MR (w/ GCI) + HO
	· No benefit
	· N/A

	
	xCSG
	No MR + stay
	
	


As can be seen from Table 1, PCI splitting does not have much benefit in terms of measurements and measurement reporting. Only in Scenarios 3 and 4 (see highlighted parts), PCI splitting has possible benefits in reducing unnecessary MRs on xCSG (Scenario 3) or on Macro/ xMacro (Scenario 4). It should be noted that to take these advantages, new measurement reporting rules need to be defined. Then, RAN2 has to think whether such additional rules (that can potentially be complex) would be beneficial considering how frequent such scenarios would occur in practice.
For a CSG UE, PCI splitting has potential benefits in limiting GCI reading from system information, in Scenarios 1, 3 and 4. However, the CSG UE is expected to be equipped with some intelligent “fingerprinting” mechanism, e.g., a “map” of accessible CSG-PCIs. Although such fingerprints are up to UE implementation, this would be essential for inbound mobility support. For a CSG dedicated carrier, the fingerprint would be the only tool available to limit the GCI reading. If the UE has a reliable fingerprint, this would in fact be more beneficial than PCI splitting, since the UE can avoid most xCSG cells. Given this fingerprint, the benefits of PCI splitting need to be carefully assessed, before making the final decision.
3. Conclusions
CSG mobility scenarios were discussed. RAN2 is requested to study the scenarios listed above and discuss whether the benefits identified would justify PCI splitting for CSG cells. Although CSG is an interesting feature, excessive optimisation on CSG should not jeopardize the core Rel-8 work.
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