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1 Introduction 
This is a text proposal to introduce the RAN2 aspects of CELL_FACH mobility into TR37.803.
2 
Enhanced Mobility: description and analysis of the different architectural options

2.1 UMTS architectural topics

2.1.1 Enhanced Mobility in CELL_FACH, CELL_PCH and URA_PCH
2.1.1.1 Problems to be solved.

2.1.1.1.1 CELL_FACH mobility Support for CSG-capable UEs
The Problem is identified in LS from RAN2 [13]:

It is stated in the RAN2 specifications 25.304 and 25.367 that autonomous search used for cell reselection to CSG/Hybrid cells is applicable in Idle Mode, CELL_PCH and URA_PCH states, but not CELL_FACH. This means that if a CSG/Hybrid cell is not included in the Neighbour Cell List (NCL), a CSG capable UE will not find the neighbour CSG/Hybrid cell in CELL_FACH state. However, if the CSG/Hybrid cell is included in NCL then the legacy measurement, search, and reselection criteria applies, and any UE can find the CSG/Hybrid cell.
In the following sections the individual aspects related to the problems to solve in RAN2 for CELL_FACH mobility for CSG capable UEs are further refined.
Detection and Search criteria for reselection in CELL_FACH 
In order to support CELL_FACH mobility to CSG cells, a UE with a CSG whitelist in CELL_FACH state needs to be able to detect CSG cells which can be outside of the Neighbour Cell List and additionally whether the search is performed using the serving cell reselection Ssearch criteria or via UE autonomous search behaviour (as is done in Idle Mode, CELL_PCH and URA_PCH states).
Measuring of inter-frequency CSG cells in CELL_FACH state

For the intra-frequency reselection case and for the inter-frequency case when the UE has a 2nd receiver, a UE can search, measure and read the SIB of CSG cells with no measurement occasions or gaps required. 
For the inter-frequency case (when UE doesn’t have a 2nd receiver), currently a UE is only required to measure up to two additional frequencies, and if more than two frequencies are specified in the NCL then a UE only has to measure the first two frequencies. The measuring in CELL_FACH is done either utilising DRX periods or FACH measurement occasions (depending upon the UE capability).

The CSG cells may not be included in the NCL, and additionally may use different frequencies than cells listed in the NCL. Therefore for measuring CSG cells in CELL_FACH state a UE may need to measure on the dedicated CSG frequency(ies). 

The first problem identified is whether the UE needs to be able to read more than two additional frequencies in order to measure CSG cells or prioritise the frequencies to include the CSG dedicated frequencies. And the second problem identified, which is dependant upon the first problem, is whether there is any impact on the FACH measurement occasions or DRX periods if the UE is required to measure more than two frequencies.
System Information Block reading of target CSG cell(s) in CELL_FACH state

In order to determine whether a UE is allowed to reselect to a CSG cell, a UE would need to read the system information and compare it with the UEs CSG whitelist.

Whilst for an intra-frequency CSG cell the UE should be able to read the SIB of the CSG cell, for an inter-frequency CSG cell the UE would need to use DRX gaps or FACH measurement occasions (depending on the UE capability and when the UE doesn’t have a 2nd receiver). Due to the SIB scheduling of the CSG cells, the DRX or FACH measurement occasions patterns may not be sufficient for a UE to be able to read the whole SIB information for sometime.

The problem identified is whether the UE needs to read the system information before reselecting to a CSG cell and if so how that can be achieved.

[Next Change]
2.1.1.2 Possible solutions

2.1.1.2.1 CELL_FACH mobility Support for CSG-capable UEs

Detection and Search criteria for reselection in CELL_FACH
Solution A1: Same search criteria as Idle and PCH

In order to detect a CSG cell, a UE with a CSG whitelist in CELL_FACH state should be able to detect CSG cells from the “CSG PSC Split Information” IE and  “Dedicated CSG frequency List” IE. 

When reselecting in CELL_FACH state to CSG cells, a similar search criteria applies as is used for Idle and PCH states. 
· The UE autonomous search function shall be used by a UE in CELL_FACH for reselection to CSG cells on the same frequency as the source cell, when the CSG cell detected is suitable, and according to the reselection rules where the CSG cell is the highest ranked (using the cell reselection criteria).

· The UE search function shall be used by a UE in CELL_FACH for reselection to CSG cells on a different frequency to the source cell, when the CSG cell detected is the strongest cell, irrespective of the cell reselection rules.

Measuring of inter-frequency CSG cells in CELL_FACH state
Solution B1: CSG frequencies are included in additional 2 frequencies.

For measuring CSG cells in CELL_FACH state a UE would need to measure on the dedicated CSG frequency(ies). UE could measure first on the dedicated CSG frequency(ies) and then additional frequencies (listed in the system information block type 11/11bis/12). Still keeping the maximum of 2 additional frequencies.
Solution B2: UE measures on more than 2 additional frequencies
Variant 2a: More FACH measurement periods are assigned.

For measuring CSG cells in CELL_FACH state a UE would need to measure on the dedicated CSG frequency(ies). This would be in addition to the requirement that a UE is only required to measure on two frequencies.

If a UE is required to measure more than 2 additional frequencies and UE requires measurement occasions to perform the measurements in CELL_FACH, the UE is assigned more inter-frequency FACH measurement occasions. 

If a UE is required to measure more than 2 additional frequencies and HS-DSCH discontinuous reception is ongoing, the UE could be assigned more DRX periods.
Allowing more measurement periods has the effect of needing to schedule the UE for more gaps for all FACH measurements, therefore some reduction in throughput would be expected in legacy UEs.

Variant B2b: Additional set of FACH measurement periods are assigned.
If a UE is required to measure more than 2 additional frequencies and UE requires measurement occasions to perform the measurements in CELL_FACH, the UE is assigned an additional set of inter-frequency FACH measurement occasions for measuring CSG cells. 

If a UE is required to measure more than 2 additional frequencies and HS-DSCH discontinuous reception is ongoing, the UE could be assigned an additional set of DRX periods.
The second measurement period would only be used by UE supporting it and therefore not affecting any legacy UEs behaviour. 
Variant B2c: UE uses autonomous gaps

UE uses autonomous gaps to measure more than 2 additional frequencies, where these frequencies are the dedicated CSG frequency(ies).
Solution B3: UE measures CSG cells in 2nd DRX
In the release 11 further enhancements for CELL_FACH Work Item, a 2nd and longer DRX cycle in CELL_FACH will be defined. This longer DRX cycle could be equivalent to that specified in Idle modes and PCH states, therefore the same autonomous measurement behaviour can be used by the UE for reselection to CSG cells  in CELL_FACH as already specified for Idle Mode, CELL_PCH and URA_PCH states.
System Information Block reading of target CSG cell(s) in CELL_FACH state
Solution C1: UE doesn’t need to read SIB before reselecting to previously visited CSG cell. Instead relying on fingerprint.

For a previously visited member cell the UE will have a whitelist entry for the cell, and a set of information pertaining to the CSG cell that would allow the UE to send a proximity indication in CELL_DCH. It is expected that a UE will know that it near a member CSG cell and therefore recognize from measurements fingerprint the member CSG cell in which case it may not need to read the SIB information before reselecting, but rather reselects, then reads the SIB (as a final check on the membership) before sending the CELL UPDATE message (if allowed). 

Solution C2: UE reads SI in 2nd DRX
As per solution B3 above a UE uses the 2nd DRX also for reading the SI of a CSG cell to determine whether UE is allowed to reselect.
[Next Change]
2.1.1.3 Comparison of solutions

	
	Measuring of inter-frequency CSG cells in CELL_FACH state
	System Information Block reading

	
	
	UE measures on more than 2 additional frequencies
	
	

	
	Solution B1: CSG frequency(ies) are considered as part of 2 additional frequencies
	Variant  B2a: more FACH measurement periods are assigned
	Variant B2b: additional set of FACH measurement periods are assigned.
	Variant B2c: UE uses autonomous gaps


	Solution B3: 
UE measures CSG cells in 2nd DRX
	Solution C1: UE doesn’t need to read SIB before reselecting
	Solution C2: UE reads SI in  2nd DRX

	Impact on Performance of Legacy UE 
	None
	Impact on scheduling. Less periods to schedule traffic to legacy UE.
	None
	None
	None
	None
	None

	Impact on reselection to inter-frequency cells in NCL
	Yes, if frequencies in NCL plus CSG frequencies > 2. UE won’t be able to reselect to some frequencies 
	Yes, reselection may be impacted for legacy and new UE
	None
	None
	TBD. Performance may change as 2nd DRX is still to be defined.
	None
	TBD. Performance may change as 2nd DRX is still to be defined.

	Network impact
	None
	less periods to schedule traffic
	less periods to schedule traffic 
	Would need to be determined how network schedules for UE autonomous gaps.
	None
	None
	None
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