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1
Introduction

In the last few RAN3 meetings, different proposals addressing PSC disambiguation have been presented in order to enhance mobility from Macro to Femto for non-CSG UEs [1]. Further considerations on such solutions have been introduced in [2] and, in particular, it has been pointed out that:

1. All solutions proposed in [1] address only hand-in towards open and hybrid cells. None of them addresses hand-in towards closed cells.
2. None of the solutions proposed in [1] can guarantee the correct target cells is selected 100% of the times (see consideration B for solutions 1a-1c and the analysis in [1] for solutions 2a-2b).
3. All solutions proposed in [1] impact the macro layer.
4. Increasing availability of SI-acquisition capable UEs would make the need of enhanced support for legacy EUs less stringent and in the long run not needed.
In this discussion paper we introduce yet another possible approach for supporting Macro to Femto hand-in for non-CSG UEs. This approach has much in common with solution 1a and solutions 2a/2b [1], and can be seen as a remapping of functions to the network elements. The approach offers similar performance with the following advantages: 
· the RNC remains in control of the HO decision;

· the disambiguating node (RNC) decides on the goodness of the available disambiguation data, from UE reports;
· the approach can be applied to both femto and picocells (no reliance on gateway functionality or HNB O&M);

· the approach should not require explicit standardization work.
2
Concept and solution description
One of disadvantages of solutions 1a/b/c of [1] is that during HO the operation (particular the final target decision) is controlled by the HNB-GW. On the contrary, the (source) macro RNC should be in control of the HO target decision. This would result in a similar behavior to the already existing operation (also in case of UEs capable of reading SIBs).
Other related issues with that solution family include

· handover statistics require different approaches (or data merge) depending on the target

· there could be a routing ambiguity in case of multiple gateways

With this concept in mind, a new solution is described in Sections 2.1 and 2.2.
Note that although the solution is described for HNB’s as targets, the solution can also be applied to a classic deployment with a separate RNC(s) hosting small cells that require disambiguation; or potentially a mix of the two.
2.1
Construction of HNB database in the macro cell RNC
Figure 1 depicts the first step of the solution: it consists in the macro building the database of HNBs (or more generally, “small cells”). Such DB would include:

· PSCs

· Cell IDs

· Assistance data (e.g., OTD, measurement report)
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Figure 1: Step 1 – The macro cell RNC constructs database of HNBs including PSCs, cell IDs, plus assistance data (OTD, measurement report).
This first step can be split in the following sub-steps:

A. The UE under control of the HNB is configured to provide measurement reports, including OTD data
B. The HNB initiates relocation towards macro cells, including MR and OTD;
C. The Macro cell RNC collects incoming data and adds it to its database.
At this stage, the Macro RNC has built a database with all necessary information necessary for future Relocation.
2.2
The macro cell RNC initiates a “best match” activity 
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Figure 2: Step 2 – The macro cell RNC now knows if a certain PSC is shared in an area, so if that PSC is a target, it can initiate a “best match” activity
As shown in Figure 2 above, the second step of the solution consists in:
A. The macro cell RNC decides whether or not to configure OTD reporting e.g. if UE is not SIB reading capable + likely target is known to be a “shared” PSC in the area
B. The macro cell RNC finds the best match in database in case of a shared PSC
C. The macro cell RNC initiates relocation towards HNB cell as normal 
3
Considerations on the solution
A few considerations can be drawn on the solution described in Section 2.1 and 2.2

Construction of the HNB database

· It is the function of the HNBs to configure the UEs to provide the OTDs and any other relevant data
· Also to include it in relevant messages
· It is the function of the HNB to maintain data fresh in the macro
· Normal handovers towards the macro are of course good occasions to provide this data
· Possible enhancement: 
· If OTD data is known to be stale (HNB knows what data it last provided and when), the HNB could use any existing UEs to measure and initiate procedures towards macro RNC
· In this case, the HNB would need to supervise / cancel the procedures towards the macro
· HNB needs to provide data towards all potential macro neighbours 
· No difference in functionality requirements for HNBs and small cell RNC (HNB GW is not involved)
Target cell disambiguation

· From the macro point of view, the work required is simply to ensure a best match from the known database of cells (the HO signalling is not impacted)
· Implementation is easily extendable to release 9 UE support: 
· if UE is SI acquisition capable, macro RNC can choose to order the UE to read the SIB -> which is obviously more reliable
· If UE is not capable of SI acquisition, macro RNC requires MR information plus OTD
· If there is only one neighbour with given PSC for the specific macro cell, no extra effort needed (macro will know this – this also helps even for SIB reading UEs)
· OTD not always needed (apart from SIB reading UEs, also depends on number of cells with that PSC, plus also optional use of MR data in disambiguation)
· If “best match” is not reliable due to e.g. stale data, OTD or MRs too close to differentiate etc, macro can choose not to trigger HO
· Likely to lead to further actions in normal operation such as inter-frequency HO
4
Final considerations and proposal

Some final considerations can be drawn. The solution described in this paper
· Requires no changes in terms of macro layer UTRAN signalling behaviour;
· Allows the macro cell RNC to be in control of the HO action.
Moreover, it is worth pointing out that it is the responsibility of the small cell layer (whether HNB or RNC) to ensure that the macro has enough information. The macro RNC can also use rel-9 UEs to augment the local database; but this is an enhancement and NOT a requirement (as in solution 2a/b).
It is the responsibility of the macro RNC to collect information from the UE in order to disambiguate, but this no longer has to be done via a single shot data point sent to the target (as in 1x). Also new macro measurement control behaviour is needed in any case to deal with SIB reading UEs, so this process may be seen as a variant of a generic macro disambiguation task. 
In the light of the considerations reported above, we propose the following:

Proposal 1: It proposed to capture the solution described in this contribution in the text proposal for TR 37.803 as reported below.
Proposal 2: It is proposed to capture in the agreements section of TR37.803 not to standardize any solution for enhancing Macro to Femto mobility for non-CSG UEs.
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6.1.3.3.2
Option 2: Disambiguation at Serving RNC
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6.1.3.3.2.4
Option 2c: Disambiguation at RNC (disambiguation data provided by femto during previous Femto to Macro HOs)

This approach has much in common with solution 1a and solutions 2a/2b, and can be seen as a remapping of functions to the network elements. This solution was designed with the following features in mind: 

· the RNC remains in control of the HO decision;

· the disambiguating node (RNC) decides on the goodness of the available disambiguation data, from UE reports;

· the approach can be applied to both femto and picocells (no reliance on gateway functionality or HNB O&M);

· the approach should not require explicit standardization work.

Option 2c can be split in two different steps: at first, during Femto to Macro mobility, the RNC builds a local database including all necessary information (e.g., PSCs, Cell IDs, OTDs, Measurement Reports); in a second phase, during Macro to Femto mobility, the RNC uses the information previously gathered in order to disambiguate the target Femto cell in case of a certain PSC is shared in a given (target) area.
6.1.3.3.2.4.1
Option 2c, Step 1: Construction of HNB database in the macro cell RNC

Figure 6.1.3.3.2.4.1.1 depicts the first step of the solution: it consists in the macro building the database of HNBs. Such DB would include:

· PSCs

· Cell IDs

· Assistance data (e.g., OTD, measurement report)
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Figure 6.1.3.3.2.4.1.1: Step 1 of Option 1d: The macro cell RNC constructs database of HNBs including PSCs, cell IDs, plus assistance data (OTD, measurement report).
This first step can be split in the following sub-steps:

A. The UE under control of the HNB is configured to provide measurement reports, including OTD data
B. The HNB initiates relocation towards macro cells, including full MR and OTD;
C. The Macro cell RNC collects incoming data and adds it to its database.
At this stage, the Macro RNC has built a database with all necessary information necessary for future Relocation.

6.1.3.3.2.4.2
Option 2c, Step 2: Best match activity (disambiguation) executed by the RNC

Figure 6.1.3.3.2.4.2.1 depicts the second step of solution 2c, in which the RNC, during Macro to Femto mobility (hand-in) can trigger the “best match” activity and disambiguate the target HNB.
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Figure 6.1.3.3.2.4.2.1: Step 2 – The macro cell RNC now knows if a certain PSC is shared in an area, so if that PSC is a target, it can initiate a “best match” activity
As shown the figure above, the second step of the solution consists in:

A. The macro cell RNC decides whether or not to configure OTD reporting e.g. if UE is not SIB reading capable + likely target is known to be a “shared” PSC in the area
B. The macro cell RNC finds the best match in database in case of a shared PSC
C. The macro cell RNC initiates relocation towards HNB cell as normal 
6.1.3.3.2.4.3
Considerations on Option 2c
Construction of the HNB database

· It is the function of the HNBs 
· to configure the UEs to provide the OTDs and any other relevant data,
· also to include it in relevant messages
· It is the function of the HNB to maintain data fresh in the macro
· Normal handovers towards the macro are of course good occasions to provide this data
· Possible enhancement: 
· If OTD data is known to be stale (HNB knows what data it last provided and when), the HNB could use any existing UEs to measure and initiate procedures towards macro RNC
· This method is usable if the macro RNC can determine that the neighbour relation is usable to update the DB
· In this case, the HNB would need to supervise / cancel the procedures towards the macro
· HNB needs to provide data towards all potential macro neighbours 
· No difference in functionality requirements for HNBs and small cell RNC (HNB GW is not involved)
Target cell disambiguation

· From the macro point of view, the work required is simply to ensure a best match from the known database of cells (the HO signalling is not impacted)
· Implementation is easily extendable to release 9 UE support: 
· if UE is SI acquisition capable, macro RNC can choose to order the UE to read the SIB -> which is obviously more reliable
· If UE is not capable of SI acquisition, macro RNC requires MR information plus OTD
· If there is only one neighbour with given PSC for the specific macro cell, no extra effort needed (macro will know this – this also helps even for SIB reading UEs)
· OTD not always needed (apart from SIB reading UEs, also depends on number of cells with that PSC, plus also optional use of MR data in disambiguation)
· If “best match” is not reliable due to e.g. stale data, OTD or MRs too close to differentiate etc, macro can choose not to trigger HO
· Likely to lead to further actions in normal operation such as inter-frequency HO
6.1.3.4
Discussion
This section captures a framework to compare solutions in section 6.1.3.3 to the current solution based on the deployment of Rel-10 nodes. Regarding Option 2, a further split into Options 2a and 2b is effected, as described in 6.1.3.3

	Option 2: Disambiguation performed at the SRNC. This option is further made possible via two means:

a) Disambiguation-assisting information supplied by other UEs that implement the WCDMA Rel-9 SI Acquisition feature.

b) Disambiguation-assisting information supplied by the HNB
c) Disambiguation-assisting information supplied by the HNB during previous Femto to Macro HO and stored in RNC’s local database


6.1.3.4.1 Parameters for Disambiguation

Table 6.1.3.4.1.1 summarizes the parameters that may be used for disambiguation (at each proposed option’s chosen node).

Note that for reach disambiguation parameter, a reference parameter stored in the disambiguation node (as per each solution) is be compared against the corresponding parameter in the Measurement Report Message that triggers hand-in.

Table 6.1.3.4.1.1: Disambiguation Parameters
	Node Type
	Information
	Option 1a

Disambiguation @ HNB-GW((OTD)
	Option 1b

Disambiguation @ HNB-GW(UE UL Detection)
	Option 1c

Disambiguation @ HNB-GW((OTD+ UE UL Detection)
	Option 2a

(Disambiguation @ SRNC, 

based on information supplied by Rel-9 UEs to SRNC)
	Option 2b

(Disambiguation @ SRNC, based on information supplied by HNBs to SRNC))
	Option 2c

(Disambiguation @ SRNC, based on information provided by HNBs to SRNC during previous Femto to Macro HO)

	Source Cell
	Source: CPICH ARFCN, PSC
	Yes
	Yes
	YesNote 4
	YesNote 1 
	YesNote 1
	Yes

	
	Source: CPICH OTD
	Yes
	No
	YesNote 4
	Yes
	No
	Yes

	
	Source: CPICH RSCP
	Yes
	No
	YesNote 4
	No
	No
	Yes

	
	Source: cell identity
	Yes
	Yes
	Yes Note 4
	Yes (implicit)
	Yes (implicit)
	Yes (implicit)

	Target Cell
	Target: CPICH ARFCN, PSC
	Yes
	Yes
	Yes Note 4
	Yes
	Yes
	Yes

	
	Target: CPICH OTD
	Yes
	No
	Yes Note 4
	Yes
	No
	Yes

	
	Target: CPICH RSCP
	Yes
	No
	Yes Note 4
	Yes
	No
	Yes

	Other Cells
	Other cells: CPICH ARFCN, PSC
	Yes
	No
	Yes Note 4
	Yes Note 2
	Yes Note 2
	Yes

	
	Other cells: CPICH OTD
	Yes
	No
	Yes Note 4
	Yes
	No
	Yes

	
	Other cells: CPICH RSCP
	Yes
	No
	Yes Note 4
	Yes
	Yes
	Yes

	UE
	UL DPCCH:SIR Note 5 
UL Scrambling Code Note 6
UL DPCCH：Chip Offset of the UL DPCCH with respect to the target HNB’s frame boundary (aka Tm,HNB + T0). 
	No
	Yes
	Yes Note 4
	No
	No
	No

	Note 1: needed to correlate OTD in Measurement Report Message with source cell.

Note 2: per Figure 6.1.3.1.2-2

Note 3: TBD, based on clarification during e-mail discussions how reference OTD values are obtained for Option 2b
Note 4: Same as for Solution 1a

Note 5: As measured by the target HNB

Note 6: As configured at the source cell, before hand-in


6.1.3.4.2 Node Impact

The following table summarizes the nodes where implementation upgrade is expected, for each of the options:

Table 6.1.3.4.2.1: Node Upgrade Requirements
	Node
	Option 1a

Disambiguation @ HNB-GW((OTD)
	Option 1b

Disambiguation @ HNB-GW(UE UL Detection)
	Option 1c

Disambiguation @ HNB-GW((OTD+ UE UL Detection)
	Option 2a

(Disambiguation @ SRNC, based on ANR-type info from Rel-9 CSG UEs)
	Option 2b

(Disambiguation @ SRNC, based on ANR-type info from OAM)
	Option 2c

(Disambiguation @ SRNC, based on information supplied by HNBs to SRNC during previous Femto to Macro HO)

	RNC
	FFS  Note 1
	YesNote 7
	YesNote 7
	Yes: disambiguation

TBD: provide reference params from DRNC to SRNCNote 2
	Yes: disambiguation

TBD: provide reference params from DRNC to SRNCNote 2
	YesNote 8

	UE
	No
	No
	No
	UE to hand-in: No
Other UEs: “substantial number of Release 9 UEs” Ref x
	No
	No

	HNB-GW
	Yes: disambiguation
	Yes: disambiguation based on UE UL information
	Yes: Filtering by OTD information and disambiguation based on UE UL information
	No
	Yes, HNB GW will need to update SRNC with HNB timing information

Note: when option 2b is used in conjunction with option 2a it is sufficient to have Rel9 UEs to report timing difference, therefore avoiding impacts on HNB GW
	No

	HNB
	Yes: provide Reference Params to HNB-GW
	Yes: Detecting UE based on UE information and response HNB-GW the result. 
	Yes: provide Reference Params to HNB-GW and Detecting UE based on UE information and response HNB-GW the result. 
	NoNote4
	Yes, HNB will need to report timing information to HNB GW

Note: when option 2b is used in conjunction with option 2a it is sufficient to have Rel9 UEs to report timing difference, therefore avoiding impacts on HNB
	YesNote 4
Provision of assisting information to the RNC during Femto to Macro HO

	HMS
	No
	No
	No
	No
	No
	No

	NMHNB 
	No
	No
	No
	No
	Yes Note6
	No

	NMMacro 
	No
	No
	No
	No
	Yes Note6
	No

	DMRNC 
	No
	No
	No
	No
	Yes Note6
	No

	Note 1: Source Cell Id can already provided part of UE History Information, as clarified in Ref y. All other parameters from[9], except Source Cell Identity, are available in the UE’s Measurement Report Message, which SRNC “should” [9] make available to the HNB-GW. Such RNCs need no upgrade. 

The structure of the RRC container (SRNS Relocation Info) can carry a single measurement report regarding the target cell's pilot strength. The OTD measurement reports are already an integral part of the UE’s measurement report and UE provides them (c.f. 3GPP TS 25.331, section 10.3.7.6) based on measurement configuration by RNC.

RNC is able to configure the UE for cell measurements including OTD. The requirement in RAN2 for including the UE’s measurement report in the RRC transparent container at handover time a “should” not a “shall” requirements (c.f. 3GPP TS 25.331, section 14.12.4.2[9]).  It is then concievable that current RNC might not deliver the Measurement Report that "triggered the SRNS relocation" in the RRC container.

Note 2: TBD, based on clarification during e-mail discussion regarding which disambiguation parameters are used for Options 2a and 2b.

Note 3: TBD, based on clarifications during e-mail discussion about how and which reference parameters are tracked for Option 2b

Note 4: TBD, based on clarification during e-mail discussion regarding how tractability of (Reference_OTD is ensured at the SRNC for option 2a, and whether that imposes requirements new requirements on HNBs.

Note 5: Given the network operators’ desire to operate HNB and Macro networks independently, many HMSs do not implement Itf-N; regardless of any standard support identifiable for Note 3, an upgrade of this node is likely required for Option 2b.

Note 6: Option 2a relies on identification of target based on surrounding neighbour PCIs. Such set of neighbour be provided by the HNB HMS, which is informed about neighbour cells for each HNB cell.  

Note 7: The UE’s UL Scrambling Code prior to hand-in must be provided to the target HNB-GW, along with the UE’s Tm measurmement of the target HNB.
Note 8: Such change does not necessarily require standardization work


6.1.3.4.3 Interface Impact

Table 6.1.3.4.3.1 summarizes the interfaces where protocol upgrade is expected, for each of the options.

Table 6.1.3.4.3.1: Interface Impact
	Interface
	Option 1a

Disambiguation @ HNB-GW((OTD)
	Option 1b

Disambiguation @ HNB-GW(UE UL Detection)
	Option 1c

Disambiguation @ HNB-GW((OTD+ UE UL Detection)
	Option 2a

(Disambiguation @ SRNC, based on ANR-type info from Rel-9 CSG UEs)
	Option 2b

(Disambiguation @ SRNC, based on ANR-type info from OAM)
	Option 2c

(Disambiguation @ SRNC, based on information supplied by HNBs to SRNC during previous Femto to Macro HO)

	Iu
	FFS Note 1
	FFS Note 1
	FFS Note 1
	No
	No
	No

	Iuh
	Yes: update of reference parameters 
	Yes:a new UE UL detection procedure Note 5 
	Yes: update of reference parameters and a new UE UL detection procedure Note 5 
	No
	Yes

Note: when option 2b is used in conjunction with option 2a it is sufficient to have Rel9 UEs to report timing difference, therefore avoiding impacts on Iuh
	No

	Iur
	No
	Yes: transmit target cell information. Note 4
	Yes: transmit target cell information. Note 4
	TBD Note 3
	Yes

Note: when option 2b is used in conjunction with option 2a it is sufficient to have Rel9 UEs to report timing difference, therefore avoiding impacts on Iur
	NoNote 5

	Itf-SHNB
	No
	No
	No
	No
	No
	No

	Itf-NHNB
	No
	No
	No
	No
	No
	No

	OAM-Type-4
	No
	No
	No
	No
	No
	No

	Itf-NMacro
	No
	No
	No
	No
	No
	No

	Itf-SMacro
	No
	No
	No
	No
	No
	No

	
	Note 1: See note 1 and 2 in Table 6.1.3.4.2.1. Disambiguation Parameters would, at any rate, be transparent to the CN.

Note 2: TBD, based on clarifications during e-mail discussion about which disambiguation parameters are used for Option 2b, and how corresponding reference parameters are made available to the (S)RNC.

Note 3: TBD, based on clarifications during e-mail discussion on how reference Parameters transferred from C-RNCs neighboring the target HNB to S-RNC for Option 2a. Iur would be a natural choice, although others are also possible.
Note 4: It is only involved in case of soft handover procedure.
Note 5: Iur-constellations with long lasting drift links would need to be avoided by proper network configuration


6.1.3.4.4 Specification Impact

Option 1a: Impacts are expected on the following specifications:

· TS 25.467, Stage2 for HNB operation:
· Description of the functionalities in RNC, HNB-GW and HNB required in order to support the target cell identification based on the timing difference information.
· Description of the conditions when the serving RNC adds the timing difference measurement results to the RRC container (or alternatively, as explicit new IEs within the RANAP container).
· TS 25.469, Stage 3 Iuh interface Application Part (HNBAP) signalling:
· Signalling procedures to deliver and to update the timing difference information between the HNBs and the serving HNB-GW.
· TS 25.413, Stage 3 Iu interface Application Part (RANAP) or TS 25.331, Stage 3 RRC: 
· either in 25.413 the transparent container transports the UE measured timing difference information from the SRNC to the HNB-GW as explicit new IEs

· or in 25.331, existing IEs within the SRNS RELOCATION INFO are utilised to transport the UE measured timing difference. Whether this is possible without protocol changes (at least change of semantics) would need to be clarified with RAN2.
Option 1b: Impacts are expected on the following specifications:

· TS 25.467, Stage2 for HNB operation:
· Description of the functionalities in RNC, HNB-GW and HNB required in order to support the target cell identification based on the timing difference information.
· Description of the conditions when the serving RNC adds the target cell’s Tm measurement result and the UE’s UL scrambling code to the RRC container (or alternatively, as explicit new IEs within the RANAP container).
· TS 25.469, Stage 3 Iuh interface Application Part (HNBAP) signalling:
· Signalling changes to deliver the UE’s UL scrambling code and the taget cell Tm measurement to all HNBs in PSC Confusion.
· TS 25.413, Stage 3 Iu interface Application Part (RANAP) or TS 25.331, Stage 3 RRC: 
· IEs to transport the UE UL Scramblign code and the target cell Tm measurement to the target RNC

Option 1c: Since option 1c combines options 1a and 1b, refer to the impacts of options 1a and 1b
Option 2c: Since all the changes needed to implement option 2c can be left to implementation no impact on any Stage 2 or Stage 3 specification is foreseen.
	END OF TEXT PROPOSAL


4
References

[1]
R3-120911, Text proposal for TR 37.083, Ericsson (Rapporteur), RAN3#75bis, 26th-30th March 2012, San Jose del Cabo, Mexico

[2]
R3-121231, On the support for Macro to Femto mobility for non-CSG UEs, Nokia Siemens Networks, Ericsson, RAN3#76, 21st-25th May 2012, Prague, Czech Republic
































































































PAGE  
1

_1398106690.vsd
HNB-GW 
+ HNB


Macro RNC


MSC/SGSN


A


B


B


B


C


DB



_1398106689.vsd
HNB-GW 
+ HNB


Macro RNC


MSC/SGSN


A


C


C


C


B


DB



