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1. Introduction
RAN3#74 saw the introduction of a second approach [12] to active hand-in of legacy UEs from Macro to HNB cells, in addition to the one [8].
Two comparison documents [13]

 REF _Ref311208169 \r \h 
[14] and a rebuttal [15] were submitted for online discussion. To further converge to a conclusion, an e-mail discussion was scheduled [16]:
	[#07: TP on Macro to HNB – non CSG UE] (Qcom)

[- describe additional solutions if any]

- comparison between solutions


In consequence, this discussion is meant to capture:

1) any additional solution (please fill it/them in section [TR].6.1.3.1.y below)

2) clarifications requested for already-proposed solutions
3) a set of comparison topics

4) actual comparisons, based on the topic set from 3
Section 2 captures the text proposal for TR [10].
Section 3 captures clarifications for existing solutions; contributors are invited to help with the listed clarifications, as well as request any further clarifications to be added.
2. Text Proposal
Below is a text proposalfor the section 6.1.x of TR [10]. 
For clarity and completeness, changes with respect to the TP submitted in RAN3#73bis [11] are tracked.
	Start of text proposal


[TR].2
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-
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-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
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[4]
3GPP TS 36.300:  Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2
[z1]

3GPP TS 25.331:  Radio Resource Control (RRC); Protocol specification
[z2]

3GPP TS 25.215:  Physical layer; Measurements (FDD)
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R3-112026, Macro to small cell, metro cell Hand-in (http://www.3gpp.org/ftp/tsg_ran/WG3_Iu/TSGR3_73/Docs/).
	Next Section in TP


[TR].6
Enhanced Mobility: description and analysis of the different architectural options

[TR].6.1
UMTS architectural topics

[TR].6.1.1
Enhanced Mobility in CELL_FACH, CELL_PCH and URA_PCH

[TR].6.1.2
Enhanced Mobility with macro network
Including inter-HNB-GW connectivity, SHO, Enhanced SRNS Relocation

[TR].6.1.3
Legacy UE mobility
[TR].6.3.1.0
Problem Statement

The term Legacy UE refers to non SIB-reading UEs (to be confirmed).

In dense HNB deployment scenarios the size of the NCL with 32 PSC values per frequency carrier will be a limiting factor especially in co-channel deployment with macro cells.

The PSCs of the neighbouring hybrid access HNB cells need to be indicated in the NCL of the serving macro cell in order to support inbound mobility with legacy and non-member UEs. The same is required in open access HNB cell deployments for all UEs.

In closed access HNB deployments the limited size of NCL is only part of the problems in supporting the legacy UEs for inbound handovers. Additionally the deployments where non-member legacy UEs trigger a significant number of handover attempts  could experience a corresponding Core Network signalling increase and identification of proper handover target may get delayed leading to handover failures in worst case.

The analysis below is focusing on solving the problem of the limited NCL space in case of dense co-channel HNB deployments in order to improve the legacy UE support in hybrid access cell scenarios and the support of all UEs in dense open access cell scenarios. The closed access HNB deployments will benefit of solving this problem, however the Core Network signalling increase is an additional issue for target CSG cell scenarios.

One option to solve the addressed problem is to reserve for HNBs only very few PSC values, which have to be reused among the HNBs. 

This however leads to another issue to be solved, the PSC Confusion problem. 
This may result in the inability of identifying, at the macro RNC, a unique target HNB corresponding to a PSC reported by a UE. 

The table below summarises the scenarios in which mobility issues due to PSC confusion might be encountered when legacy UEs attempt to handover to HNB cells.

	
	Is mobility scenario relevant?
	Are potential mobility issues foreseen?
	Issues to be solved with this scenario

	Macro to Hybrid/Open Access HNB
	Yes
	Case 1: Deployments where Open and Hybrid cells are coordinated and deployed with uniquely identifiable PSCs do not suffer from PSC confusion.
Case 2: Networks where Open and Hybrid HNBs are not deployed with uniquely identifiable PSCs suffer from PSC confusion.
Rel-9 hand-in was designed on the basis of presence of CSG capabilities at the UE in order to avoid issues due to potential PSC Confusion for Open and Hybrid HNBs. Some companies assert that PSC allocation for Open and Hybrid cells could be such as to avoid PSC confusion
	Case 1: N/A 
Case2: PSC confusion

	Macro to Closed Access HNB
	Yes 

	Yes, in cases where high density Closed Access HNBs are deployed and limited PSC ranges are allocated.

Given that the NCL size is already limited even for macro cells, anything other than a couple of Closed Access HNBs per macro would cause PSC confusion
	Target cell disambiguation in intra and inter carrier deployments

	Closed Access HNB to Closed Access HNB
	Yes, 

	FFS
Independently of the access mode source HNBs will in many cases be able to list all their neighbour cells 
	FFS

	Open/Hybrid HNB to Closed Access HNB
	Yes,

	
	FFS

	Open/Hybrid HNB to Open/Hybrid HNB
	Yes

	
	FFS

	Closed Access HNB to Open/Hybrid Access HNB
	Yes,

	
	FFS

	Closed Access HNB to Closed Access HNB
	Yes, 

	
	FFS


The issue of PSC confusion in the Macro to HNB mobility is illustrated in Step 2 of Figure 6.1.3-1. The Cell Id IE in this step is normally filled:

A.  via a configured PSC(Cell Id map

or

B.  from the SI Measurement Report of a supporting Rel-9 UE.

In case the association between identified PSC and Cell ID cannot be achieved, neither of these approaches is feasible for UEs not supporting the Rel-9 SI Acquisition feature.

Subsections 6.1.3.1 and 6.1.3.2 capture proposed options for addressing Legacy UE hand-in from Macro to HNB cells.
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Figure 6.1.3-1: S-RNC cannot identify HNB in PSC Confusion causes
[TR].6.1.3.1
Options

[TR].6.1.3.1.1
Option 1: Disambiguation at HNB-GW
[TR].6.1.3.1.1.1
Option 1a: Disambiguation at HNB-GW ((OTD/Source Cell/C-PICH)
The combination of three approaches is proposed to help the HNB-GW disambiguate the correct target HNB in step 4 of Figure 6.1.3-1:

1. Source Cell

2. Timing Difference ((OTD)

3. C-PICH matching
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Figure 6.1.3.1.1.1-1: HNB Disambiguation

[TR].6.1.3.1.1.1.1
Source Cell

This technique allows the HNB-GW to consider as candidate targets only those HNBs in the neighbourhood of the source macro cell.

This requires delivery of the Source Macro cell identity from SRNC to the HNB-GW.

In the event multiple cells are measured by a UE in step 1 of Figure 6.1.3.1.1.1-1, providing to the HNB-GW information for all such cells can increase the resolution of the disambiguation approach. Such information helps when the UE is in soft hand-over when the Step 1 report is executed, or when the HNB is in neighborhood multiple deployed cells reportable in Step 1.

Useful information for each such macro cell is:

· Cell Id (to match against cells observed by the HNB)
· CPICH RSCP (e.g. to assist the in selecting the best matching neighbor(s) for disambiguation).

[TR].6.1.3.1.1.1.2
Timing Difference ((OTD)

This technique allows the HNB-GW to consider as candidate targets only those HNBs whose downlink frame timing matches with that reported by the UE.

Namely, and referring to Figure 6.1.3.1.1.2-1:

· (OTD = (OTDHNB1 - OTD MNB) represents the target HNB’s timing with respect to the macro cell, as measured by the UE

· OTDcell = UE’s timing with respect to the given cell.

· OTDcell = OFFcell*10 ms + Tmcell (expressed in chips), as reported by R99 UEs [z1] 

· OFF and Tm compose the “SFN-CFN observed time difference” [z2] §5.1.8

· (OTD ( [0, 256*38400-1] chips
· OTDHNB1 and OTD MNB are reportable with event-1a.

· (Reference_OTD is measurable by each HNB

· The availability of thousands of random (Reference_OTD signatures makes timing signature confusion unlikely within the macrocell

· (Reference_OTD is robust to UTRAN clock drifts

At the HNB-GW, the comparison between (Reference_OTD and (OTD is the basis of the (OTD-based disambiguation approach. This approach is also illustrated in the Appendix of contribution [z3].

In the event multiple HNB neighbours are reported in Step 1 of  Figure 6.1.3-1, OTD MNB for each such neighbor should be made available to the HNB-GW.
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Figure 6.1.3.1.1.1.2-1: (OTD approach
[TR].6.1.3.1.1.1.3
C-PICH matching

This technique allows the HNB-GW to consider as candidate targets only those HNBs whose pilots match with that reported by the UE. While the approaches in 6.1.3.1.1.1.1 and 6.1.3.1.1.1.2 offer the most significant increase in resolution, C-PICH matching can be helpful to further increase disambiguation capability.

HNB pilots can be characterized by:

· Primary Scrambling Code

· ARFCN

· CPICH RSCP 

[TR].6.1.3.1.1.1.4
Signalling
Providing OFFHNB1, TmHNB1, OFFMNB, TmMNB, and the Source Cell to the target HNB-GW is necessary to address PSC Confusion, as shown in the figure below. Additional useful target information are PSC and ARFCN.

In addition HNBAP signalling would be needed to inform the HNB-GW of (Reference_OTD and corresponding macro neighbors. Signaling the HNB’s C-PICH (i.e. PSC and ARFCN) would also be helpful.


[image: image4]
Figure 6.1.3.1.1.1.4-1: Iu Signaling with Source & Delta-OTD-based disambiguation
[TR].6.1.3.1.1.1.5
Inter-frequency handover
The value of OFF “is always reported to be 0” for inter-frequency cells in Step-1 [z2].

Therefore it should be noted that the range of (OTD will be different for intra and inter-frequency cell measurements (e.g. when the HNB cell is measured on another frequency than the source cell) and hence the ability to disambiguate in the two scenarios will also differ.
[TR].6.1.3.1.1.2
Option 1b: Disambiguation at HNB-GW based on UL detection at HNB sub-system(UE UL PSC/UE UL DPCCH/target PSC) 

In this solution, the disambiguation is also located in the HNB-GW. The HNB-GW will distribute the handover UE information to the candidate target cells, which having the same PSC as the target cell. The candidate cells should measure the UL DPCCH of the UE by reusing the uplink synchronization procedure with the UE info and send the measurement result (e.g. SIR) to the HNB GW. The UE information shall include the UL PSC and UL DPCCH Chip offset of the Radio Link with respect to the target cell frame boundary. Then the HNB GW selects the best cell as the target cell based the measurement result of the cells. Then HNB GW could trigger the RL Setup Request/Relocation Message in the target cell to continue the handover procedure as usual.
Note: For inter-frequency hand-in, a second receiver may be required in the HNB to detect the UE camping on another frequency.
[TR].6.1.3.1.1.2.1
Signalling
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Figure 6.1.3.1.1.2-1 Disambiguation by Uplink Detection

Figure 3.1.1-1 shows an example of signalling procedure following the solution proposed.
1) A legacy UE sends Measurement Report Message to SRNC.

2) The SRNC sends Relocation Message or Radio Link Setup Request Message to HNB GW including the target cell PSC, UE UL PSC and UL DPCCH chip offset.


Note: the relocation can be transmitted by RANAP or, if available RNSAP. 

3) The HNB GW acquires the candidate target cells based on the target cell PSC, sends the information from the SRNC to the candidate cells, and the candidate target cells measure the Uplink signal quality of the UE and respond with  the measurement result to HNB GW. 

4) The HNB GW selects the best cell based on the measurement result (e.g. RSCP/SIR) from candidate cells.

[TR].6.1.3.1.1.3
Option 1c: Disambiguation at HNB-GW(UE UL detection + (OTD Filtering) 
In this solution, the disambiguation is also located in the HNB-GW. The HNB-GW should firstly filter the candidate target cells with (OTD information, and the HNB-GW will distribute the handover UE information to the remaining candidate target cells. Should any further ambiguity remain after HNB-GW filtering, the UE UL detection as in Option 1b will be used to resolve it.
The following steps are the same as solution 1b, except (OTD filtering is performed at the HNB-GW in step 3a, prior to step 3b.
Note: option 1c combines the benefits of both solutions 1a (minimized amount of Iuh signalling and excellent intra-frequency disambiguation) and 1b (excellent inter-frequency disambiguation ability).
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Figure 6.1.3.1.1.3-1 Disambiguation by Uplink Detection with (OTD Filtering at the HNB-GW
[TR].6.1.3.1.2
Option 2: Disambiguation at Serving RNC
In this solution information needed to carry out disambiguation of the target cell are stored in the serving RNC (SRNC).  This information may consists of some or all of the following:

1. System Information of target cell
2. PSCs of cells neighbouring the target cell 

3. Timing Difference ((OTD) between source and target cell
The following sections explain how this information can be used to support mobility of legacy UEs to HNB cells.

[TR].6.1.3.1.2.1:
Acquisition of information at SRNC

It is assumed that by the time Release 11 HNB architectures would be fully deployed there would be a substantial number of Release 9 UEs available. Release 9 UEs are able to acquire System Information for detected cells. Therefore it is plausible to rely on such UEs to report to a SRNC System Information of cells not configured or not included in the Neighbour Cell List of the SRNC.
It has to be noted that this assumption is already adopted across several technical areas in 3GPP.  For example, the UTRAN ANR function purely relies on Release 10 UEs for collecting and reporting neighbour cell information able to enhance the Neighbour Relation Table of an RNC. Similarly, in LTE, the adjustment of mobility parameters between cells for resolution of mobility failures relies on the presence of Release 9 and Release 10 UEs capable of supporting the MRO function.

By means of Release 9 UEs an RNC can acquire System Information about the cells neighbouring each served cell.  It has to be noted that the serving RNC does not need to be reported any System Information for cells directly served, given that all the cell configuration parameters for those cells are already known.

Moreover, an RNC can collect information about the PSCs of cells in the neighbourhood of a given target cell.  
For example, if it is assumed that a UE reports a given Cell-n with PSC-n as the strongest target cell, information about the PSCs of the cells neighbouring Cell-n are provided by the UE in the reported PSCs included in the monitored set and/or in the detected set of cells the UE is able to monitor.

Similarly, the RNC can also store timing difference information between source and target cells reported by the UE.  Such timing difference information may consist of some or all of the following (as described in [z2]):

A. SFN (Target Cell) – SFN (Source Cell)
B. SFN (Target Cell) – CFN (Source Cell)
Alternatively, information about the HNB cells neighbouring RNC served cells could be acquired via OAM configuration.
In fact, a HNB needs to report to its OAM system a considerable amount of information regarding every detected cells neighbouring its served cell.  This information consists of, amongst other IEs, the PSC, Cell ID, LAC, RAC and CSG ID of neighbouring cells.
The HNB OAM system could send this information to the RNC to either speed up creation of a neighbour cell database or to fully create and maintain such database.   

[TR].6.1.3.1.2.2:
Target Cell Disambiguation at SRNC


[image: image7]
Figure 6.1.3.1.2-1: Suport for HNB mobility for legacy UEs

In figure 6.1.3.1.2-1 The procedures of neighbour information acquisition described in section 6.1.3.1.2.2 are shown, where the SRNC can either acquire neighbour cell information via CSG capable UEs or it can acquire them via OAM.

In addition to these procedures the figure shows the process of target disambiguation in cases of mobility involving legacy UEs.

When a legacy UE detects a target cell (by means of detecting its PSC), it will also report to the SRNC a number of other PSCs belonging to either monitored cells (i.e. cells in the macro NCL) or to detected cells (i.e. cells not in the macro NCL). Moreover, the legacy UE will report timing difference information between source and target.

The SRNC can compare the information reported by the legacy UE with the neighbour cell information previously acquired and stored. By means of such comparison the target disambiguation can be carried out. 

It has to be noted that disambiguation of the target based on detected PSCs in a given neighbourhood is a principle already acknowledged in Release 9.  In fact, Release 9 UEs can report a CSG Proximity Indicator by means of so called “fingerprinting”, which was discussed in several occasions as consisting of monitoring and recording the ecosystem of PSCs surrounding an accessible CSG cells. The same principle is used and enhanced in this solution.

[TR].6.1.3.1.2.3:
Signalling

One of the main advantages of the proposed solution is that it does not require any changes in the signalling procedures currently standardised for relocation.


[image: image8]
Figure 6.1.3.1.2-2: Signalling exchange for HNB mobility of legacy UEs

Figure 6.1.3.1.2-2 shows an example of signalling procedure following the solution proposed.  

1) Legacy UE reports the cell associated to PSC=3 as the strongest monitored cell.
The UE also reports other monitored PSCs (i.e. PSC=1 and PSC=12) and the timing difference between source cell and target cell (i.e. HNBc).

2) SRNC uses the database of neighbour cell information to disambiguate the target cell associated to PSC=3 reported by the UE.  Such disambiguation results in identifying HNBc as the target.

3) SRNC triggers a legacy RANAP: RELOCATION REQUIRED procedure towards the SGSN/MSC

4) SGSN/MSC triggers RANAP: RELOCATION REQUEST to the HNB GW, which will then forward the message to HNBc.

The solution proposed guarantees the following:

1) It maintains a fundamental principle adopted across 3GPP networks, namely that source RNS detects and decides to which target relocation needs to be addressed

2) It minimises the impact on the network by involving only the SRNC in the target resolution process

3) It does not impact any interface, allowing for interoperability with legacy HNB infrastructure 
[TR].6.1.3.2
Discussion
This section captures a framework to compare solutions in section 6.1.3.1 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 [14]:
	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


[TR].6.1.3.2.1 Parameters for Disambiguation
The following table 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 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))

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

	
	Source: CPICH OTD
	Yes
	No
	YesNote 4
	Yes
	No

	
	Source: CPICH RSCP
	Yes
	No
	YesNote 4
	No
	No

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

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

	
	Target: CPICH OTD
	Yes
	No
	Yes Note 4
	Yes
	No

	
	Target: CPICH RSCP
	Yes
	No
	Yes Note 4
	Yes
	No

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

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

	
	Other cells: CPICH RSCP
	Yes
	No
	Yes Note 4
	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

	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


[TR].6.1.3.2.2 Node Impact
The following table summarizes the nodes where implementation upgrade is expected, for each of the options:

Table 2: 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)

	RNC
	FFS  Note 1
	FFS  Note 1
	FFS  Note 1
	Yes: disambiguation

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

TBD: provide reference params from DRNC to SRNCNote 2

	UE
	No
	No
	No
	UE to hand-in: No
Other UEs: “substantial number of Release 9 UEs” [11]
	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

	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. 
	No 4
	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

	HMS
	No
	No
	No
	No
	No

	NMHNB 
	No
	No
	No
	No
	Yes Note6

	NMMacro 
	No
	No
	No
	No
	Yes Note6

	DMRNC 
	No
	No
	No
	No
	Yes Note6

	Note 1: Source Cell Id can already provided part of UE History Information, as clarified in [15]. All other parameters from Table 1, except Source Cell Identity, are available in the UE’s Measurement Report Message, which SRNC “should” [5] make available to the HNB-GW. Such RNCs need no upgrade. 

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.  


[TR].6.1.3.2.3 Interface Impact

The following table summarizes the interfaces where protocol upgrade is expected, for each of the options:

Table 3: Interface Update Requirements
	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)

	Iu
	FFS Note 1
	FFS Note 1
	FFS Note 1
	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

	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

	Itf-SHNB
	No
	No
	No
	No
	No

	Itf-NHNB
	No
	No
	No
	No
	No

	OAM-Type-4
	No
	No
	No
	No
	No

	Itf-NMacro
	No
	No
	No
	No
	No

	Itf-SMacro
	No
	No
	No
	No
	No

	Note 1: See note 1 and 2 in Table 2. 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.


	Kindly do not open new comparison sub/sections.
Such topics will be opened by the e-mail rapporteur, based on the progress of the e-mail discussion, as well as based on requests for new sub/sections.


[TR].6.1.3.3
Conclusion

<to be filled in as time permits>
	End of text proposal


3 E-mail Discussion
This section is meant to capture discussion outside the TP is section 2, to assist the completion of section [TR].6.1.3.2
We list below questions/issues/topics raised during online discussion, with the aim to fine-tune the solutions in the TP and resolved TBDs in the comparison tables. Further questions will be added, as identified.
Contributors are invited to help with the listed clarifications, as well as request any further clarifications to be added. We also added the clarifications responses by the rapporteur company.
3.1 Option 1 Clarifications (HNB-GW disambiguation)
	Q1.1 
(from [15])
	“According to current specifications an RNC would construct the RELOCATION REQUIRED by means of information reported by the UE about the target. However, in the new use of this mobility procedure proposed in Solution 1 there is no target to configure.”

	Qualcomm 
	For coverage/interfere-based hand-ins, RNC fills in the RANAP Target Cell Id IE based on the UE-reported PSC. In Option 1, the contents of  the Target Cell Id IE become irrelevant, since the Target Cell Identity is disambiguated at the HNB-GW.
[Re: NSN comment on statstics on handover success and failure]
For HNB targets in PSC Confusion, S-RNC indeed would not know the exact target before triggering hand-over. In this case and as an example implementation, RNC may identify the PSC in confusion with a 28-bit identifier representing all neighbouring HNBs sharing that PSC.

In this case, statistcs collected at the S-RNC would correspond to the source/(any target sharing the PSC), and should be interpreted as such.
If statistics need to be collected for the source/(exact target in PSC confusion) pair, this could be done via various means (e.g. collect at the HNB-GW, or return resolved Cell Id to SRNC, etc)
[Re: Ericsson comments]

1) Question about Target ID: we already replied to this in Q1.5. In case that was insufficiently detailed, stage-3 references follow:

· For PSC corresponding to another IRP’s RNC’s cell, an external cell would be defined
· ExternalUtranGenericCell IOC is defined in 3GPP SA5 TS 32.642
· 25.413: Target ID = PLMN + LAC [+ RAC] + RNC-id of external cell. 
· PLMN = Mcc + Mnc in ExternalUtranGenericCell
· LAC = lac in ExternalUtranGenericCell
· RAC = rac in ExternalUtranGenericCell
· RNC-id = rncId in ExternalUtranGenericCell
2) Question about HNB-GW mapping: refer to Q1.4, where this topic is being discussed

Ericsson mixes up Target Cell Id (which is irrelevant to disambiguation in the HNB-GW) and Target Id (which is very relevant, addressed in Q1.5 and detailed above.)


	Huawei
	Agree Qualcomm opinion.

	Nokia Siemens Networks
	Typically, statistics on handover success and failure are compiled by the macro RNC based on cell pairs (source/target). One impact of this solution is that it would not be possible for the RNC to do this, since it would not know the exact target.

	Ericsson
	In order to fill in the Target ID IE by means of the PSC reported by the UE the SRNC will have to be configured with information mapping the PSC range of the target HNB cell with the information contained in the Target ID. This implies an impact on the RNC OAM and it poses the question of how is such information going to be passed from the HNB OAM system to the RNC OAM system.

If the macro cell spans across different HNB GWs or if future HNB GW redundancy is introduced. How is the reported PSC going to unequivocally map to a single HNB GW target?

It is not possible to simply state that the content of the Target ID IE “becomes irrelevant”.  This IE is a mandatory IE constructed and interpreted in a very well defined manner by source RAN and CN. Any requirement to consider “irrelevant” the information in this IE implies an impact on SRNC and CN.


	Q1.2 

(from [15])
	“[T]he Source RNC to Target RNC Transparent Container would have to contain target information that the RNC will have to derive from sources not described in R3-112888”

	Qualcomm 
	Target information is derived from the UE’s Measurement Report Message, which triggers the hand-in.
[Re: Ericsson Questions]

OAM configuration at SRNC:
· It would be similar to configuration for handover to an regular external cell (c.f. Q1.5 & Q1.1)
· No implementation impact on OAM system. IOCs defined since the beginning, in SA5.
· isHOAllowed attribute must be set to true (c.f. 3GPP TS 32.642)
Target Cell ID IE: see Q1.1


	Huawei
	Agree with Qualcomm.

	Ericsson
	The UE measurement report does not contain the information mandatorily needed in the Source RNC to Target RNC Transparent Container. For example, how is SRNC going to fill in the Target Cell ID IE? Is this going to require OAM configuration at SRNC and consequently an impact on the OAM system?

	
	


	Q1.3 

(from [15])
	“RANAP: RELOCATION REQUEST ACKNOWLEDGEMENT/REQUEST COMMAND

This message will be generated by the target HNB and sent to the source RNC. However, the target used by the SRNC will most likely have to be the HNB GW, which is different from the target that will generate this message. How is this discrepancy going to impact current working assumptions?”

	Qualcomm 
	After disambiguation at the HNB-GW, handover signalling proceeds as captured in 25.467 since Rel-9.
[Re: Ericcson Comment]

Statistics: 
- can still be collected. See Q1.1 for a related dicussion.
Algorithms:
- Indeed, for Solutions of type 1, statistics collected in SRNC lose some resolution (c.f. Q1.1).
- Where such statistics are still needed, a few means can be envisaged:

· collect them at the target HNB-GW (preferable, to minimize RNC impact)

· have the target HNB-GW return the Target Cell Id to the SRNC

Some of the error causes do not depend on Target Cell Id (e.g. Unknown Target RNC). Such errors can still be handled as today.
For error values that depend on the Target Cell Id:

· statistics can still guide deployment of the feature;
· the choice is between (1) preventing call failures and (2) preventing use cases on account that statistics do not have the same resolution as before. We think there is more value in preventing handovers.


	Huawei
	Agree with Qualcomm.

The message RANAP: RELOCATION REQUEST ACKNOWLEDGEMENT/REQUEST COMMAND is still generated by HNB after the target HNB is determined.

	Ericsson
	In handover scenarios where the HO target is known at source, any failed handover, cancelled handover or successful handover completion can be linked to the specific mobility target.  This serves two purposes: 1) prevent repeated failure occurrences in the future; 2) collect meaningful statistics.  If the mobility is triggered without any knowledge of the mobility target, the advantages of these functions and of algorithms like handover evaluation in source RAN will be lost

	
	


	Q1.4 

(from [15])
	“If it is assumed that a default target HNB GW is known at the SRNC in order to correctly construct the RANAP: RELOCATION REQUIRED message, how is Solution 1 going to work when the macro cell spans across different HNB GW domains?”

	Qualcomm 
	Same as today, RANAP Target ID (i.e. HNB-GW) can be derived at RNC from the UE-reported PSC. 
As a special example, if HNB-GWs are deployed geographically (i.e. all HNBs in a macro cell are served by a single HNB-GW), Target-ID selection becomes trivial.
[Re: NSN comment on multi-GW neighborhoods]

HNB deployment would be the operator’s choice. A few such choices that ensure unique Target RNC ID are:
A. geographically separate of HNB-GW deployments (as above)

B. injective (i.e. “onto”) PSC ( HNB-GW mapping

1. e.g.: HNB-GW assigned to  HNB dependent on random PSC selection by HNB
2. e.g.: PSC ranges for HNB dependent on HNB-GW selection 
C. injective ARFCN ( HNB-GW mapping
D. allow multiple preparation initiation at SRNC

· less preferable, since not all RNCs might support this
Note that A and B.2 are described in NSN’s comment below.
B.1 is distinct and avoids the described “hearability” concern.
Combinations versions of A, B, C approaches are also possible; other approaches are also possible.
[Re: Ericsson comment]

The options in Ericsson’s reply are a subset of the options discussed above. For instance, options B.1, C and D are not mentionned.
Certain provisions, as in A, B, C, D (or a combination thereof, or other implementation means) are needed to ensure proper HNB-GW identification by the source RNC:

· they would be in place until the Rel-9 solution becomes deployable
· balancing load across HNB-GWs is not prevented

· while splitting PSC range (B.2) is an option, it is not the only one.
Such provisins should be weighed against the certainty of call drops in PSC Confusion scenarios.


	Nokia Siemens Networks
	If however HNB-GWs are not deployed in geographically separate zones (and this is possible for many reasons, e.g. to separate handling of residential, enterprise and public systems, or to avoid having complete failure in a whole region), then the solution of having different PSC ranges may be problematic since a reduction in available PSCs could lead to interference or hearability problems (UE within range of two cells using same PSC etc). We think this issue should not be ignored.

	Ericsson
	A macro cell can span across two HNB GW domains even if HNB GWs are deployed based on geographical separation, for example due to load balancing reasons. Moreover, it is very likely that HNB GW redundancy will be adopted to cope with single point of failures/scalability in the future, in which case there might well be more than one HNB GW serving the same area.  How can the reported PSC unequivocally point at the right HNB GW given that the assumption brought by the proponents is to assign a very small range of PSCs for CSG PSG split?

	
	


	Q1.5
(from [15])
	“What is the level of configuration required at the SRNC to ensure that the right target is selected when constructing the RANAP: RELOCATION REQUEST?”

	Qualcomm 
	An HNB is configured as an external UTRAN generic cell, as per SA5 specifications.
[Re: Ericsson comment]

To expand on the answer above, the concept of “external UTRAN generic cell” exists in 3GPP:

· for explicit 3GPP references and RNC OAM impact see Q1.1

· RNC OAM configuration: see Q1.2

· NMS (network management system) configuration: 
· “external UTRAN generic cell” IOC is configured as in Q.1.1

· the IRP specs (through which “external UTRAN generic cell” IOCs are configured) are applicable to any management interface.
To summarize: changes to RNC OAM (i.e. RNC Elemtent Manager) and to the NMS in general are of a configuration nature. Configuration is similar to that required for adding an external cell.


	Huawei
	Agree with Qualcomm.

	Ericsson
	The above does not answer the question. The question concerns configuration of the SRNC, which in turns affects the RNC OAM system and the NMS.  What are the changes needed to allow an SRNC to understand that certain physical layer measurements reported by the UE correspond to a specific target RAN?

	
	


	Q1.6
(from [15])
	According to Solution1, whenever a legacy UE is in the coverage area of a closed CSG cell, the SRNC shall generate mobility messages towards the target HNB GW. This is going to cause the following:

1) Considerable increase of signalling towards the CN

2) Considerable increase of Relocation Failures due to the majority of CSG detected cells being not accessible

3) Considerable increase of Relocation signalling at SRNC and at HNB GW

4) Considerable increase of access control procedures for legacy UEs at target HNB GW

	Qualcomm 
	First, we address the concerns one at a time, noting that they are specific for CSG HNBs:
1) In the absence of hand-in, legacy UE call drops would result in call re-establishment signalling. Such signalling is at least as taxing as hand-over signalling.
2) Well-designed HNBs are expected to restrict their coverage inside residences; this is necessary to avoid call drops of and downlink interference to non-member UEs. In principle, any feature ca be badly implemented by a UTRAN vendor, but this was not historically seen in 3GPP as a downside of the feature, but rather a downside of the particular implementation.
CSG Non-member UEs (e.g. guests, burglars) entering the residence may indeed experience Relocation Failure, but such occurrences are much rarer than CSG members entering their own residences.
3) In light of (2), relocation signalling at SRNC and HNB-GW for hand-in towards CSG HNBs is mostly expected to occur for member UEs. Increase in such signalling is paralleled by decrease in call re-establishment signalling at the SRNC, which is a good thing.
4) There is no such increase of access control procedures at the HNB-GW:

a. The vast majority of access control procedures at the HNB-GW are generated by non-CELL_DCH UEs, irrespective of hand-in support.

b. Absent hand-in support, UEs in CELL_DCH experiencing call drops when entering CSG HNB coverage would also trigger access control in the HNB-GW.
Second, CSG HNBs are deployed on a separate PSC split. A network deployment can always choose to disable hand-in to CSG HNBs, on the basis of PSC alone.
[Re: NSN comments on signalling increase]

As a company position, the main focus is on hand-in to hybrid and open HNBs.

As a technical comment on hand-in to CSG HNBs, we offer the following observations:
1) Interference to non-member UEs are avoidable, except possibly in certain special cases (e.g. CSG HNBs at the window on a lower floor, facing the street, visitor entering house).
In addition, member call re-connection for one member UE has signficantly more CN impact than hand-in failure for none non-member UE.
2) Operator has complete control to reject a solution for hand-in to CSG HNB that does not satisfy its requirements.
We agree that a solution for hand-in of legacy UEs to CSG HNBs does not perform to the operator’s statisfaction, it should have full freedom to disable such hand-in.
[Re: Ericsson comments]

Regarding claim “the proponents [of solution 1] foresee a high level of risk in signalling overload and CN performance impact”: this is a distortion of what I wrote above. It might be due to a missing “if”:
· “We agree that if a solution for hand-in of legacy UEs to CSG HNBs does not perform to the operator’s statisfaction, it should have full freedom to disable such hand-in.”
We believe this is an open contention point. Due to limited time left to the deadline, this open point is best addressed in RAN3#75. Should no interest exist in Macro ( CSG legacy hand-in, we will not insist.


	Huawei
	Agree with Qualcomm.

To support the legacy UE handover from macro to closed CSG UE, 1), 2), 3) and 4) is normal behaviour for the network. No additional action is generated.

	Nokia Siemens Networks
	1) Signalling increase due to failed hand-ins is caused by non-members. Avoidable successful re-establishments  due to lack of HO happen to members only. We have no data to say which is the most frequent, but it is not unreasonable to expect the first effect to be dominant except in certain very special cases (e.g. where everyone has very large gardens, and no visitors).

2) Although this is true, the operator has somewhat less control of the exact performance of a HNB in an exact customer-chosen position than for a macro system. 

3) See above

On the second point, HO to closed cells could (probably should) simply be disabled for legacy terminals. In fact this solution is not appropriate for closed cells due to the above discussion. Although it is generally true that failed handovers can be somehow mitigated by RF control, they will happen in practice, and may even be quite common in certain scenarios. 

If on the other hand we could state categorically that non-members would never trigger unnecessary HO to closed cells, then we would probably only need the PSC and source cell ID, since the HNB-GW could rely on looking up the relevant memberships for the UE. So in practice there will be unnecessary handover preparations, and we should rule out the use case “macro-to-closed femto”.

	Ericsson
	With regards to Q1.6 1) the signalling eventually generated by member UE’s call drops is considerably less than the signalling generated by all legacy UEs attempting to handover to any  visible CSG cell. Therefore the level of signalling due to attempted handovers in Solution 1 is much higher than what would be generated if handovers involving only UE members were triggered. Moreover, radio conditions could be such that a UE might still be able to finish a CS call on the macro cell before reselecting the target CSG cell, in which case no failure would occur

With regards to Q1.6 2) it has been stated in many contributions from operators that residential HNBs are expected to be simple and low cost devices. It is unlikely that they will support advanced and reliable solutions for self radio planning. Indeed, radio signal overspills from macro/pico cells to surrounding neighbourhood is a very frequent phenomenon even for networks undergoing radio planning. Hence it is difficult to think that such overspill can be avoided for HNBs.
Residential HNBs are not controllable in terms of deployments (there could be simply a wall or a window separating the HNB from the outdoor macro cell), therefore no assumptions can be made about their signal being confined to a specific area.


Hence, not only UEs entering the residence will be attempted to be handed over to the HNB cell, but this will apply also to UEs moving in each HNB neighbourhood, which in dense HNB deployments consists of a very high portion of coverage area.

With regards to Q1.6 3) The answer given to this question is not valid, as it is explained above that it is not possible to assume with any level of certainty that only member UEs will detect CSG cells. The level of signalling overload is non-quantifiable and it is of high risk for a legacy CN, given that there are no means to stop such signalling and the associated handover failure events, which will corrupt operator’s statistics.

With regards to Q1.6 3) again, it cannot be assumed that only member UEs attempt to handover to target CSG cells.  All non-member UEs attempting to hand over to target CSG cells will generate access control at the HNB GW. Therefore an increase of access control procedures at the HNB GW is an obvious effect.

In reply to “Second, CSG HNBs are deployed on a separate PSC split. A network deployment can always choose to disable hand-in to CSG HNBs, on the basis of PSC alone.”. 

This defeats the whole purpose of this solution and acknowledges that the proponents foresee a high level of risk in signalling overload and CN performance impact. This option cannot be considered if the proponents seriously intend to support the considerable changes the solution under analysis implies on source RAN, Target RAN, OAM systems and CN. 


	Q1.7
(from [15])
	“Solution 1 assumes that HNBs are going to autonomously set up their cell with an SFN-SFN time difference to the overlapping macro that is different from other HNBs using the same PSC. 

However, it needs to be considered that UE measurements of the SFN-SFN time difference are subject to error. It can be typically monitored that errors in the order to 20-30 chips are very frequent, especially in cases of target Ec/No equal or lower than -15dB (which is very typically the case when the UE is outdoor and the target cell is indoor). 

How is Solution 1 ensuring that, at each HNB cell setup, a big enough SFN-SFN time difference separation between all HNBs using the same PSC in the macro coverage can be ensured? 

How can it be ensured that such separation can overcome UE measurement errors when it comes to target cell disambiguation?”

	Qualcomm 
	There are 256 x 38400 ~ 10 million chip differences available. After the 30 chips error claimed in [15], over 300,000 timing-based signatures can still be identified for each HNB PSC.
HNB-GW can ensure that HNB timing signatures remain resolvable. Note that HNB-GW’s role is especially important to address downlink timing drift by HNB cells (and, to a lesser extent, macro cells)
Note: the UE measurement of OTD is correct down to +/- 1.5 chip resolution in the worst case, per RAN4 specs. The 20-30 chip uncertainty asserted by [15] is not an error in UE measurement, but is rather due to correct UE measurement of path propagation delay.
[Re: NSN comments]

It is an operator choice as to how HNBs supporting UE hand-in are deployed and how/if they would co-exist with HNBs not supporting such hand-in. 

Note that such a choice will need to be made regardless of whether the solution is for legacy UEs or UEs featuring the elusive Rel-9 hand-in solution.
E.g. to avoid failed handovers towards non-supporting HNBs (non-exhaustive list):
· Upgrade HNB firmware

· Note: HNBs support TR-069, which provides means to upgrade such firmware to supporting HNBs
· Deploy solution when sufficiently many supporting HNBs have been deployed

· If some HNBs cannot be upgraded:

· Distinct PSCs/ARFCNs (or both) can be used for such non-supporting HNBs

· SRNC could be configured w/o handover towards such PSCs/ARFCNs
Also, there is no need for HNBs to change timing in lock-step with macro cells. HNB only needs to inform HNB-GW of OTD every few hours. Drift (of HNB or Macro) or power cycles, both of which HNB can track, would not cause any noticeable ambiguity.
[Re: Ericsson’s comment]

Two questions are being asked as a single one. It is best to answer them one by one:
Q1.7.1) How to ensure no overlap between HNBs supporting “legacy UE Macro ( HNB hand-in”?

   Answer: Timing signature per each PSC are visible to HNB-GW; re-assignment can be notified, e.g. via HNBAP. In implementations where overlap is allowed, solution 1c can be used resolve it.
Q1.7.2) How to deploy both HNBs supporting and HNBs not supporting “legacy UE Macro ( HNB hand-in”?
   Answer: To prevent CN impact from failed handovers of both member and non-member UEs, it would be best to distingush the two types of HNBs at the RNC, so RNC not even initiate relocation towards HNBs not supporting hand-in.
  For possible ways to ensure that, see the answer to NSN’s comments, above.


	Nokia Siemens Networks
	Since PSC confusion is only a problem with relatively large numbers of HNBs per macro (and therefore large number of HNBs per HNB-GW), it follows that there must be a non-negligible probability of ambiguity caused by drift or random offsets after a power cycle.

However the above statement (HNB-GW can ensure that HNB timing signatures remain resolvable) appears to imply a coordinating function with new signalling. It seems that in such a case we would have a problem with legacy HNBs that would not support such a function. Also, does this imply that HNBs would need the ability to change their timing according to the macro’s timing (which will slowly slip)?

	Ericsson
	The above does not answer the question.  It is asked what are the standardised mechanisms to allow HNBs to ensure that non-overlapping timing signatures are ensured.  The latter is even more relevant if it is considered that if the proposed feature will be available in future releases by the time of its deployment the majority of HNBs will not support such feature, therefore it is not obvious to understand how multivendor legacy HNBs can guarantee the choice of non overlapping timing signatures.

	
	


	Q1.8
(from [15])
	“R3-112888 does not specify how well Solution 1 will work in inter frequency cases.
It is certainly true that a UE needs longer time and dedicated measurement gaps to measure inter frequency cells. It is also true that the macro to CSG HNB mobility under discussion is most likely applicable to a scenario where the UE will move from an outdoor location to an indoor location.
This leaves very little time for the UE to acquire inter frequency measurement gaps, measure the target CSG cells and allow for the relocation procedures to be carried out.
Therefore, there seem to be a very high risk of failure for relocation to an inter frequency cell.”

	Qualcomm 
	As explained in [8], inter-frequency hand-in cannot use the SFN component of OTD. Still 38400 chip signatures remain, which lead to over 1000 timing-based signatures per PSC, per layer.
If the claim in [15] was correct, the high risk of relocation failure would be even worse for to Rel-9 hand-in, for cell edge/interference situations (due to the additional time taken by the SI Acquisition procedure).

While we believe this issue can be addressed by HNB implementation and deployment choices, companies believing this is an issue would need to study it for the Rel-9 UE case, foremost.
[Re: NSN comments]

SFN-reading by a UE is a function already supported today by R99 UEs and is captured part of cell identification requirements (c.f. 3GPP TS 25.133, section 8.1.2.2.1)
For Rel-9 UEs, SI data acquisition can take up to an additional 1.9 seconds (c.f. 3GPP TS 25.133, sections 5.13.2 and A.5.10.1).
Because of this, legacy UE Macro ( HNB hand-in would be triggered faster than Rel-9 Macro ( HNB hand-in (
[Re: Ericsson comments]
The use of compressed mode for inter-frequency handovers is addressed in Q1.9.
Seeing in Q1.9 we point out CM should be triggered naturally (cell edge, interference or load), I am not sure if Ericsson’s answer reflects a view that CM does not work in today’s networks.
We concur with Ericsson’s observations regarding the Rel-10 inter-frequency detected cell feature. That is why we did not propose to use it here.


	Nokia Siemens Networks
	Ideally it would be good to have a comparison of the time taken to read SI data, versus time taken to measure accurately the SFN-to-SFN time differences. 


	Ericsson
	The issue highlighted in Q1.8 cannot be solved by HNB implementation or deployment.  If the HNB layer is on a different frequency it is obvious that the UE will need to be scheduled measurement gaps to measure the HNB frequency and that will impact performance (given that no data can be received/transmitted during such gaps). 

Besides, the availability of inter Frequency cell detection is an optional feature and as such it cannot be assumed that legacy UEs will support it.  As a matter of fact, the majority of UEs nowadays do not support this feature. Besides, in inter frequency cell detection has a very high impact on performance and it requires considerably long measurement windows.

	
	


	Q1.9
(from [15])
	“In cases of inter frequency mobility a UE will need to be frequently allocated measurement gaps for measuring and detecting inter frequency CSG cells (Note that we are dealing with legacy UEs, therefore there is no proximity indicator function at the UE and the UE lives in blissful ignorance of whether it is close to an accessible cell or not).  

This will imply impacts on UE performance (due to frequent interruptions in data reception) and increases in UE battery consumption.”

	Qualcomm 
	Of course, in Rel-9 hand-in, proximity indication triggers exist in addition to cell edge/interference triggers. We do not see a strong motivation to standardize (or even require) proximity-based triggers for pre-Rel-9 hand-in to HNBs.

Note that the above proposed mechanism is only a potential proprietary implementation among multiple other ones. That said, we are unsure what the battery consumption concern is, nor what assumptions are taken for such a claim.
[Re: NSN comments]

The particulars of inter-frequency hand-in to HNBs depends on the deployment goal, e.g. :

· inter-frequency handover triggers may be sufficient
· load-triggered handovers may also be sufficient

If the deployment goal was to have event (or periodic MRM)-2x-triggered handovers to inter-frequency HNBs at all costs, regardless of source conditions, then increase in CM usage is expected.
· I must question this goal, though (e.g. why take a macro penalty if a UE is well served on the macro?)
· Even so,  there is a trade-off  between the CM frequency and discovery time / handover time to the HNB. Capapcity impact and signaling impact can be controlled by trading one against another, as needed.

Note that a very similar topic was studied for HCS:
· IEEE is a good source of both industry and academia submissions on the topic of triggering hand-in to HCS.
[Re: Ericsson comments]
To re-iterate: we see no need for standardizing pre-Rel-9 proximity indication (Rel-9 proximity indication is, of course, already standardized).
For pre-Rel-9, the main goal is to prevent call drops. There is no need for proximity indication or CM increase, to achieve this goal.
That said, if an RNC chooses to use periodic periodic CM gaps for hand-over to inter-frequency HNBs there is a trade-off  between the CM frequency and discovery time / handover time to the HNB.


	Nokia Siemens Networks
	We note that the macro RNC itself does not know whether the UE is a member of any HNB, or whether such a HNB operates in the same or other frequency to the macro. No doubt there are many proprietary solutions to solve the issues that this brings to the macro operation, but in any case this seems to significantly increase the impact on the macro for the inter-frequency case, as well as increasing RRC signalling and/or extent of compressed mode operation.

	Ericsson
	The above does not answer the question in Q1.9. the proximity indication mechanism is supported by standardisation and no matter how the UE determines its proximity to the accessible CSG cell, this will be flagged to the serving RAN by means of standardised signalling. If such indication is available the serving RAN is able to allocate measurement gaps only when needed. 

On the opposite, if measurement gaps need to be allocated whenever a CSG cell is in proximity of the legacy UE, it is obvious that the UE performance will be impacted due to a much higher number of gaps within which no traffic can be received or sent.

	
	


	Q1.10
(from [15])
	“[I]t is unclear why the Source Cell Identity needs to be included as part of the information needed at HNB  GW for disambiguation. Such information is already available in the UE History Information and could already be used to disambiguate the target.”

	Qualcomm 
	The source cell identity from UE History Information would indeed be sufficient. This is reflected in table 2 of section [TR].6.1.3.2.2

	
	

	
	

	
	


	Q1.11
(from [15])
	“[I]t is claimed in R3-112888 that the impacts to the RNC are FFS because <<all the parameters from Table 1, except Source Cell Identity, are available in the UE’s Measurement Report Message, which SRNC “should”… make available to the HNB-GW>>
To the authors understanding there are no means currently to provide UE measurements on e.g. detected set cells or SFN-SFN time difference to the HNB GW.  The authors believe that the transport of such information would mean changes to the RNC and to the interfaces (as well as changes to the HNB GW and HNB).”

	Qualcomm 
	Search for Measurement Report in SRNS RELOCATION INFO in the RRC spec.
[Re: NSN question]

For solution 1a, stage-2 might be sufficient, for instance.
[Re: Ericsson comments]

Standardized means do exist. Please re-read the first line in this cell.

	Nokia Siemens Networks
	For clarification: if all the required IEs can already be provided by existing relocation signalling (even if optional), is there any impact on RAN interfaces (with exception of the Iuh)? If not, what is the full scope of required changes for this option?

	Ericsson
	Surely the content of the measurement report is available at the SRNC. However, there are no standardised means to make such information be signalled from source to target.

	
	


	Q1.12
(from [15])
	“R3-112888 claims that CSG capable Release 9 UEs will not be present in a UMTS network for a long time. However, it should be noted that, as analysed in section 3, Solution 1 would only work after RNCs, HNB GWs and HNBs are upgraded to support Release 11 features. Hence, an operator would not see the (doubtful) advantages of enhancements in legacy UEs mobility until the entire macro and HNB network is upgraded to Release 11 specifications. ”

	Qualcomm 
	The companies cosourcing [1] indeed consider it preferable to proceed with a Rel-11 solution that addresses legacy UE hand-in. Not only do we expect Rel-9 UEs to be in a minority for a long time, but the SI Acqusitition solution itself is optional and likely to see even further drawn-out deployment.
In terms of affected nodes, Solutions 2a and 2b require significant RNC changes, which are unlikely to see implementation. Additionally, it remains unclear if changes for these solutions are indeed limited to RNCs; we hope this e-mail discussion will help elucidate the scope of the SRNS-based options 2a and 2b.
Note: Indeed HNB GWs and HNBs would need to be upgraded for Solution 1, although only RNCs that do not implement 3GPP recommendations (see Table 2 in section [TR].6.1.3.2.2) would need to be upgraded.
[Re: NSN comments]

We also think it is important to have the most nimble solution agrreable, esp w.r.t. RNC and CN.
We think:

- solution 1a is achievable w/o protocol or behavior changes in standard for RNC and CN.
- solutions 1b and 1c are achievable with minimal changes (for adding the UL Scrambling Code to the e.g. SRNS RELOCATION INFO transparent container).

Regarding non-supporting HNBs: see answer to Q1.7

Rel-9 SI Acquisition feature: cannot comment on commercial aspects, but we notice the feature:
1) is optional (just like any UE feature since Rel-8)
2) requires CSG support in CNs

3) requires RNC support for Rel-9 hand-in (not a nible feature)
4) was not specified as required, part of the 3GPP Rel-9 FGI discussions
5) will be, in the supporting companies oppionion, in a minority of UEs for a very long time, making it especially necessary for hybrid and open HNBs.
[Re: Ericsson comment]

Actually, to refesh lost memories, we did propose addressing legacy UE Hand-in in Rel-9.
If Rel-9 hand-in alternative was available today (or soon), it would be preferrable:

- it offers proximity indication
- it benefits from CSG support in CN
- see Q1.4.
- membership  indication from UE (which would address actors concerned by the issue in Q1.6)
I was not aware that 3GPP standardizes mechanisms for regulating market forces, is that a new work item?


	Huawei
	Agree with Qualcomm.

The designed solution could not heavily depend on the specific features which are optional for the UE; also these UE should be distributed evenly in the each HNB cell near the macro cell. And otherwise the solution would be difficult to be implemented. 



	Nokia Siemens Networks
	The existence of a real window of opportunity depends partly on some factors to be clarified e.g.

· Whether there are protocol or behavioural changes in the RNC and CN

· Whether the proposal can work with a large percentage of legacy HNBs, and if not, whether rel9 UEs will take longer to diffuse in the market than rel11 HNBs

· Whether most/all rel9 UEs support SI Acquisition (which would be sufficient for disambiguation of e.g. open/hybrid cells)

Also, in our understanding, this option is mostly suitable to a subset of scenarios i.e. open/hybrid targets. So it is important to confirm that such deployments are likely in practice to generate PSC confusion problems (e.g. PSC reuse within the coverage of a single macro). 



	Ericsson
	3GPP agreed that the currently standardised way forward for mobility towards CSG cells is by means of CSG capable UEs and by means of SI acquisition.  If such principles are doubted by the proponents of solution 1 then they should rise this issue for the whole work carried out to enable mobility towards CSG cells and that work shall be re-opened and dealt with.  The proponents of Solution 1 were themselves amongst the supporters of the solution currently standardised for mobility to CSG cells.

The capabilities supported by a UE are proportionally available to the demand that there is for them. Therefore, if efficient deployments of CSG HNBs need to be achieved, CSG capable UEs will have to be made available, as agreed in the standardised mechanisms available in 3GPP.

This email discussion should highlight not only what is the impact of each solution, but also what is the likelihood of any solution to provide enough advantages to make it worth sustaining the severe impacts on standardised nodes/architecture. 


3.2 Option 2a Clarifications (SRNC disambiguation, via R9 UEs)
	Q2a.1
(from [14])
	“It is not clear if options 2a and 2b were meant as separate or are necessarily a single option.”

In [15], these two options are treated separately. Can we assume henceforth that they are two separate and independently-implementable solutions?

	Ericsson
	Solution 2a and 2b can be separately or complementarily implementable depending on availability of CSG UEs and of requirements on speed/periodicity of neighbour HNB information acquisition at SRNC.

	Qualcomm
	What are those requirements?
Especially for Solution 2a, a Rel-9 UE would need to measure every HNB in the nwtwork every few hours. We think this would require so many Rel-9 UEs that the very need for a legacy UE hand-in solution would be questionable.
We note that in table 2, the following HNB-GW impact was added for soluton 2b: “HNB GW will need to update SRNC with HNB timing information”, whereas in table 3, impact to Iur was added.
Does this mean that timing values are transmitted over an Iur interface beteen RNC and HNB-GW? 



	
	

	
	


	Q2a.2
(from [14])
	“It is […] unclear what concentration of UEs needs to be Rel-9, to reliably track the permanently drifting (Reference_OTD, if this is even possible.”

Note: (Reference_OTD = HNB’s timing difference with respect to the neighboring macro cell.
In [12] and [15], it is claimed that tracking of (Reference_OTD is feasible via a number of Rel-9 UEs “comparable to the number of UEs needed for tuning the MRO function.”  It appears this claim assumes “[Rel-9 UE-based] identification needs to occur e.g. once a day due to some HNBs re-initializing their cells by switch on/off.”
This claim cannot be correct, since (Reference_OTD are not semi-static variables. Unlike MRO stats, these variables do not converge, but drift continuously and with little predictably. (Reference_OTD may also be reset (e.g. when HNBs reboot). Measurement of (Reference_OTD must therefore be performed repeatedly and often. 
This is an open issue for Option 2a needs to address.

	Ericsson
	If (Reference_OTD drifts with such speed with respect to the macro timing, how can solution 1 allow unequivocal identification of the target HNB given that the timing difference between macro and HNB is continually drifting due to macro and HNB drifting time? Surely, if valid, such problem will not be solvable for legacy HNBs.

	Qualcomm
	The HNB-GW can be updated with (Reference_OTD from all HNBs as often as necessary (e.g. every few hours). Furthermore, any ambiguity not resolved at the HNB-GW will be resolved at the HNB.
We see no provision to ensure the same level of updates and resolution for either of approaches 2a, and it is unclear how this is done for 2b (Iur between HNB-GW and RNC?)
If unclear, please see Table 6 in 3GPP TS 25.104 for frequency error requirements.

	
	

	
	


	Q2a.3
(from [14])
	It is unclear how SRNC (which may be different from DRNC) is informed of reference parameters like (Reference_OTD. 

Except in the case where SRNC = DRNC at all times, there are no standard mechanisms to propagate such parameters across Iur-connected RNCs.
This is an open issue for Option 2a needs to address.

	Ericsson
	If SRNC and DRNC serve cells that are neighbouring HNB cells then configuration of the PSC fingerprinting and (Reference_OTD will occur foe each RNC

	Qualcomm
	True.
And if they do not?

	
	

	
	


	Q2a.4
(from [14])
	What is the complete list of reference parameters needed for Solution 2a? We filled Table 1 in section [TR].6.1.3.2.1, according to our partial understanding from [15] and [12].
This is needed to complete Table 1, as well as understand impact on any interfaces TBD that may be needed to transport such parameters.

	Qualcomm
	Thanks for filling in Table 1 for solution 2a.

	
	

	
	

	
	


3.3 Option 2b Clarifications (SRNC disambiguation, via OAM)

	Q2b.1
(from [14])
	What is the complete list of reference parameters needed for Solution 2b? We filled Table 1 in section [TR].6.1.3.2.1, according to our partial understanding from [15] and [12].

This is needed to complete Table 1, as well as understand impact on any interfaces TBD that may be needed to transport such parameters.

	Qualcomm
	Thanks for filling in Table 1 for solution 2a.

I notice CPICH OTD is not used. How exactly is Cell Id filled in, then? If the answer was intended to be “PSC fingerprinting”, refer to Q2b.2.

	
	

	
	

	
	


	Q2b.2
(from [14])
	In [15], it is claimed that (Reference_OTD can be collected by legacy UEs, instead of Rel-9 UEs:

“Once this information concerning PSC fingerprinting is available, time difference information can be acquired via legacy or non legacy UEs. 
For example, a legacy UE would detect a given CSG cell and it would report its surrounding neighbour PSCs to the SRNC. On the bases of the fingerprinting information SRNC will detect the target CSG cell. The legacy UE will report time difference of such CSG cell to the SRNC, which will store it together with the fingerprinting information.”
The above mechanism requires a method called above “PSC fingerprinting” to have similar resolution as Rel-9 UEs in identifying HNBs. We are unaware of any such methods. To support the claim that “PSC fingerprinting” works, it is offered that [15]: 

“This solution has already been acknowledged as a reliable mechanism for CSG cell identification because it is based on the proximity indication flag concept standardised in RAN2 for detection of accessible CSG cells by Rel9 UEs.”

This claim is not supportable by either RAN2 specs, intent or any empirical evidence. In fact, two years after the closure of Rel-9, 3GPP has not defined any performance requirements for the proximity indication Rel-9 feature.

Further clarification is needed on how legacy UEs can be used to collect a (HNB Cell Identity, (Reference_OTD)-tuple.

	Huawei
	Agree with Qualcomm.

Additionally if the HNB and the RNC does not belong to the same vendor, the information needs be exchanged between the OAM of the different vendor. Further clarification is needed How to get the timely (Reference_OTD information and the signalling overload evaluation.

	Ericsson
	The proximity indication mechanism is standardised as part of the RRC specification. During discussion of such mechanism it was agreed that the technique used to trigger proximity indication will be left to implementation but one of the most quoted methods was the PSC fingerprint information available at the UE when in proximity of its CSG cell.

It needs to be pointed out that the most relevant scenario for the case of legacy UE mobility to CSG cells is that where there is a high density of HNBs in proximity to each other.  This implies that the deployment is dense also in terms of macro/pico cells, given that it is most likely the case of high density of UEs (note that macro cells in a HetNet deployment of this type are usually of reduces coverage).  Therefore, it is very plausible to think that in a given neighbourhood there will be a unique PSC fingerprint signature, due to the fact that PSCs assigned to planned cells is unique within their neighbourhood.

	Qualcomm
	Ericsson’s anwer does not address the concern in Q2b.2
Unless the source RNC knows with 100% certaintly (not just “plausible”) which HNB to trigger handover to, call drops will surely occur.
Not even RF means will be sufficient to avoid such situation, resulting in precissely the kind of tremedous CN signalling impact that must be avoided. This would happen for all cell access types (closed, hybrid, open)

	
	


	Q2b.3
(from [15])
	“In a network where the HNB infrastructure and the macro infrastructure need to be integrated and harmonised it would be very unlikely if exchange of information between HNB OAM and macro OAM did not occur.”

	Qualcomm
	The requirement of an integrated and harmonized macro/HNB infrastructure, while desirable in some circumstances, is unrealistic in the foreseeable future.
Also, network operators have repeatedly indicated the requirement to keep the femto and macro deployments as independent as possible (while clearly sharing a CN).
Rather, for exchanges of non-trivial (e.g. trivial = PSC ranges) information, exchange over interoperable interfaces would be preferable.
[Re: Ericsson comment]

As Ericsson suggests, I am indeed unaware of HetNet considerations for 3G HNBs “across several different RAN working groups.” The main reason is that no such considerations exist.

Not only did operators in RAN3 indicate the undesirability of close coordination between 3G HNB and Macro subsystem, but HetNet is an LTE-only work item in Rel-11. 

For LTE HetNet, some amount of coordination indeed exists, but is mostly static (e.g. ABS configuration) for now.
Even if such coordinationwas transposed to 3G (in a future yet difficult to foresee), it would still require standards OAM (or otherwise) changes for dynamically transferring OTD references, without which solution 2b is extremely unlikely to work.
 

	Ericsson
	The authors of the above reply shall check he contributions on HetNet that are currently discussed across several different RAN working groups, where the macro/pico deployments and the H(e)NB deployments are very much thought as coordinated one to the other.  

Moreover, exchange of information across OAM systems (macro OAM and HNB OAM) is needed also in the case of Solution 1. If not, how is it possible to map UE reported PSCs to a specific RNC ID corresponding to a given HNB GW? How is it possible for a SRNC to understand that the proposed enhanced mobility signalling shall be triggered once certain physical layer measurements are provided?  

	
	 

	
	


4. Proposal
Proposal 1: capture in TR [10] the text from section 2 agreed via e-mail discussion.
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