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1 Introduction 
There are deployment scenarios where it is desirable to overlay small cells and macro cells on separate RNCs (Macro RNC and Small Cell RNC). An example is where the small cells are managed by an RNC acting in a similar fashion to a HNB Gateway. In such architecture the mobility would be performed through SRNS relocation (UE involved). This paper looks at the issue of handling Hand in from macro to small cells (HNB or other) when operating on same frequency and required to handle all releases of UE.

2 Discussion

2.1 Scenario
If the Macro and Small cells are on the same frequency, then it is necessary that the mobility works for all releases of UE i.e. from Rel-99 onwards. The current specifications prevent this from being practical for a large number of small cells due to the limitations in target cell identification.

In addition, the limits of system information broadcast of 32 intra-frequency neighbour cells means that when there are a large number of small cells, there must be PSC reuse. When small cells are added on top of mature networks, it is desirable to minimise the impacts on existing neighbour cell definitions, and is desirable to constrain the number of PSC allocated towards small cells to a small number of PSCs.

Finally, with small cell deployment it is desirable to have self organisation in the deployment. This means that the same group of PSCs may be reused throughout the macro network for the small cells.

The problem with such a scenario is target cell identification during mobility from Macro to the Small Cell. With the current mechanisms in the standards, the target cell ID passed in the Relocation Required message maps to a PSC and this will map to many small cells on the small cell RNC, making incoming handover ambiguous.

With enhancements to only the UTRAN specifications for SRNS Relocation and RNSAP Radio Link Setup, it is possible for the small cell RNC to uniquely identify a target small cell.

For HNBs used in residential/enterprise deployments, this problem was solved at Rel-9 by changes to the UE to report the Cell ID which allows unique identification. However, this is only provided for Rel-9 UEs and pre-release 9 UEs are assumed handled by some proprietary method or if involved in a metro cell/shopping mall deployment will be in a small planned network where ambiguity is removed by planned assignment of PSC.   

It is also possible to envisage such scenarios where the Macro RNC and Small Cell RNC are connected via an Iur interface.
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Figure 1 : Small Cell Overlay on top of a Macro Deployment

2.2 Proposal

It is proposed that the UTRAN standards are enhanced to allow identification of the target small cell based upon :

1) Target CPICH PSC/ARFCN Combination

2) Source cell ID information.

3) Timing information provided from the source to the target about the SFN-SFN time difference from the source cell(s) to the target cell (derived from SFN-CFN information reported by the UE).

4) UL Scrambling Code, SFN-CFN information

It should be noted that in 25.215[1] UE reporting of timing has support of Tm and Off for intra-frequency measurements and support for Tm only for inter-frequency with compressed mode due to the lack of ability for the UE to read the SFN from the broadcast channel of an inter-frequency cell.

With the provision of source cell information, the number of targets may be reduced to those small cells which are in the proximity of the source macro cell(s).

The small cell RNC may build up a picture of SFN to SFN timing offset from the small cell to macro cell based upon UE measurements, and may then determine the target cell uniquely based upon the information provided. The timing space is 9,830,400 chips for intra-frequency and 3,8400 chips for inter-frequency [R2], and it is not unreasonable to determine a SFN to SFN accuracy of 500 chips or better
 (e.g. 0.005% of the total space for intra-frequency and 1.3% for inter-frequency). With this level of identification, it is possible to considerably narrow down the target cell (See example in Annex Figure 3).

The proposal can be extended in a later release to support for a HNB architecture where the HNB registers to the HNB GW the necessary macro cell and SFN-SFN timing information.
2.3 Information Required

2.3.1 Common Information
The following information is readily available on the source RNC and may be used by the small cell for target identification.

1) SFN-CFN timing offset

· this is from the measurement report generated by the UE (Cell synchronisation information)
2) UL Scrambling Code - this could be used to detect the UE on the target prior to handover.

· If desired, this along with SFN-CFN timing offset can be used by the target to determine a positive match through UL synchronisation prior to handover. This could be achieved most simply in an intra-frequency environment, but could also be achieved in an inter-frequency environment with a more elaborate radio architecture.

3) PSC detected of the target.

· Can be used by the target RNC to narrow down to only the small cells sharing the same PSC.

2.3.2 Source Cell Information
The source cell information should include information about the active set cells. This should include the following :

1) Source Cell ID (Known through provisioning)

· Can be used by the target RNC to narrow down to only the small cells under the geographic coverage of the source macro cells.

2)Source Cell PSC/ARFCN

· This is known by the source and may useful on the target.

3) CPICH Ec/N0
· the latest known values of Ec/No to assist the target determination algorithm.
2.3.3 Timing Information
The UE Reports SFN to CFN offset of the neighbour small cell, and from this the source RNC may determine an accurate estimate of the SFNtarget-SFNsource from the SFN-CFN measurements reported by the UE in the intra-frequency measurements and in inter-frequency measurement reports from the UE it is possible to obtain a Tm.

As an example:

· The initial radio link is established with an offset of Default DPCH Offset Value (DOFF). The SFN-CFN for this cell (OffsetSource1) is initially Default DPCH Offset Value (DOFF) and may be updated by UE measurements.

· A second radio link is reported by the UE with Cell synchronisation information indicating OFF2 and Tm2. The SFN-CFN offset (OffsetSource2) is OFF2*38400+Tm2
· A small cell is reported by the UE with Cell synchronisation information indicating OFF3 and Tm3. The SFN-CFN offset (OffsetTarget) is OFF3*38400+Tm3
· The SFNtarget-SFNsourcen is simply the calculation of OffsetTarget-OffsetSourcen modulo 9830400.

Proposal 1: That the above information be provided by the source RNC to the target RNC or HNB-GW to enable non-CSG UE hand-in.

2.4 Proposed updates

The information that is available in the source RNC must be passed to the target RNC for small cells, or the HNB-GW if the target is a HNB. Several options are available for this:

a) extract the information from the IEs in the existing SRNS Relocation Info and add  IEs for any missing information. 

b) Add the missing information to SRNS Relocation Info in a single block of IEs 

c) Add the missing information to RANAP Source RNC to Target RNC Transparent container.

Selecting the best option, consideration should be given to this issue:
The information should be grouped together, rather than distributed in a large number of IEs.

Future use of a similar scheme for HNBs means that HNB-GW should not need to analyse the RRC Container containing the SRNS Relocation Information, as this would be a considerable amount of extra processing to extract this information, particularly if buried at low level in the RRC ASN.1.

From this is would be better to choose option c) above and add the information required to the Source RNC to Target RNC Transparent container. 
As an example, and to indicate the IEs involved a version of option c) above is shown belowwhet the IEs be added to the Source RNC to Target RNC Transparent container in RANAP.
2.4.1 Proposed Updates to 25.413Additional IEs shown in red.
9.2.1.28
Source RNC to Target RNC Transparent Container

The Source RNC to Target RNC Transparent Container IE is an information element that is produced by the source RNC and is transmitted to the target RNC. In inter-system handovers to UTRAN, the IE is transmitted from the external relocation source to the target RNC.

This IE is transparent to the CN.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	RRC Container
	M
	
	OCTET STRING
	
	-
	

	Number of Iu Instances
	M
	
	INTEGER (1..2)
	
	-
	


…

	IRAT Measurement Configuration
	O
	
	9.2.1.96
	
	YES
	ignore

	Management Based MDT Allowed
	O
	
	9.2.1.110
	
	YES
	ignore

	Target Cell Assistance Information
	O
	
	
	
	YES
	ignore

	>Target Cell Primary CPICH info
	M
	
	Integer(0..511)
	
	
	

	> Target Cell Frequency Info
	M
	
	Integer(0 .. 16383)
	UARFCN downlink (Nd)
	
	

	>Cell synchronisation information
	O
	
	new IE to mirror 25.331
	As reported by the UE
	
	

	>Scrambling code type
	M
	
	Enumerated(short, long)
	UL scrambling code type of UE on source
	
	

	>Scrambling code number
	M
	
	Integer(0..16777215)
	UL scrambling code number of UE on source
	
	

	>Source Cell Information per RL
	M
	1..<maxRL>
	
	
	
	

	>>Source Cell identity
	M
	
	INTEGER (0..268435455)
	Cell ID broadcast on SIB3 of the Macro cell
	
	

	>>Source Cell Primary CPICH info
	M
	
	
	
	
	

	>> CHOICE Timing info
	O
	
	
	
	
	

	>>> Source Cell Timing Offset Tm+Off
	M
	
	Integer(0..9830399)
	Estimated offset of target cell from the source cell (SFNtarget-SFNsource)in chips.

Used for Intra-Frequency or inter-frequency without compressed mode.
	
	

	>>> Source Cell Timing Offset Off
	M
	
	Integer(0..38399)
	Estimated offset of target cell from the source cell (SFNtarget-SFNsource) modulo 38400 in chips.

Used for Inter-Frequency with compressed mode.
	
	

	>> Source Cell CPICH Ec/N0
	O
	
	Integer(0..49)
	According to CPICH_Ec/No in [19] and [20].

Fourteen spare values are needed.
	
	

	> Source Cell Frequency Info
	M
	
	
	
	
	


Proposal 2:
That the above IEs listed are added to the Source RNC to Target RNC Transparent container directly. 
CR is provided for this. [6]
3 Conclusion
It is proposed that RAN3 agree that the necessary information to enable small cells and HNBs to support hand-in be added, and that this is located in the RANAP Source-Target transparent container.
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5 Annex – Example.

The following examples assume that the Target RNC is able to extract the source RNC ID out of the U-RNTI in the RRC container. Also, for simplicity the calculation is based on the small cells not being on macro cell borders.  When this is the case, the number of targets in scenario 2) increases proportionally to the number of neighbouring macro cells, e.g. if every small cell borders two macro cell.
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Figure 2 : Example of Small Cell overlaid on top of Macro Cells
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Figure 3 : Example of SFN Timing of Small Cells on the same PSC to SFN of Source Cell

The following scenarios are considered as an example for Macro Cell to Small Cell SRNS Relocation (UE Involved) :

Scenario 1) With only PSC and source RNC knowledge

This scenario is the baseline scenario, which captures the current SRNS relocation method where the target Cell ID maps to a PSC. This may be regarded in Figure 2, as every small cell with the same PSC (Same colour in the diagram). It can be seen that the target cell ambiguity is very large.

Scenario 2) With only PSC and source macrocell knowledge

This scenario enhances the standards to provide knowledge of the macro source cell ID. This narrows down the matches to just those under one (or potentially multiple when the source is in soft handover) macro cells, with the same PSC.

In the example in Figure 2, it is seen that the number of targets is considerably reduced, but the ambiguity is still high.

Scenario 3) With PSC and source macrocell and timing knowledge

This scenario uses the SFN-SFN of Target to Source cell for each source cell in the macro RNC. When this is applied, the target cell may be uniquely identified except in the rarest of conditions. The example in Figure 3 shows the timing matching small cell 13.

Example 1 : high density small cell overlay

600 macro cells per RNC

6 PSC available for small cell

100 small cells per macro cell

	Scenario
	Number of candidate Targets

	1) With only PSC and source RNC knowledge 

(current implementation of standards)
	10,000

	2) With only PSC and source macrocell knowledge
	16

	3) With PSC and source macrocell and timing knowledge
	1


Example 2 : modest small cell overlay

600 macro cells per RNC

6 PSC available for small cell

24 small cells per macro cell

	Scenario
	Number of candidate Targets

	1) With only PSC and source RNC knowledge 

(current implementation of standards)
	2,400

	2) With only PSC and source macrocell knowledge
	4

	3) With PSC and source macrocell and timing knowledge
	1


















































































































































































































































































































































































































































































































































































































































































































































� Assumption of 40PPB timing accuracy between source and target and a measurement report within the last hour.
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