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1 Introduction
Connected mode inbound mobility to H(e)NBs is a topic of discussion for Release 9. Two issues need to be addressed in order to make handover to H(e)NBs possible:
· PCID/PSC confusion resolution: A H(e)NB encountered by a UE has to be uniquely identified by the network. That is, any PCID/PSC confusion has to be resolved.

· Access Checking: Network has to be able to determine whether UE is allowed to access to the encountered H(e)NB prior to the handover.
The Access Checking issue needs further elaboration. The network (i.e., other than the UE and (e)NB/RNC) has the ultimate responsibility to check and permit handover of a UE to a H(e)NB ([11],[12]). However, given that a UE could encounter many H(e)NBs, it has been generally recognized that every UE encounter of a H(e)NB should not result in an access check by the network. This implies that a preliminary access check is performed, and access checking by the network is only required if the preliminary access check is successful.
Several solutions have been proposed and the following sections summarize and classify the presented solutions according to the table below (which is based on the table in the chair’s meeting minutes for RAN2#65bis). 
	Problem
	UE based Solution
	Network based Solution (potentially with UE assistance)

	PCID/PSC confusion
	· UE provides GCI in measurement report
	· Network could resolve PCID/PSC confusion on its own (without additional information from UE).

· Network could resolve PCID/PSC confusion resolution with assistance information from UE.

	Preliminary Access Check
	UE performs preliminary access check and 

· might not report if the check is not passed, or 

· report cell as not allowed
	UE always reports cell but network (source NB/eNB) does the preliminary access check.


Assumptions:
1. It is assumed that the preliminary access check is not needed for hybrid cells (UE assumes it has access, but network has final say).

2. For solutions that require measurement gaps, the gap needs to be long enough to read MIB and SIB1 of the target HeNB.

3. For a non-CSG UE, preliminary access check of a CSG cell returns an ‘access not allowed’ result (this is essentially the behaviour of a Release 8 non-CSG UE when it encounters a CSG cell).
2 Discussion and Classification of Proposed Solutions
The various solutions that were presented in RAN2#65bis are listed below along with descriptions of how they try to resolve PCID collision and perform the preliminary access check.
2.1 UE based Solutions
A-1: UE is assigned a measurement gap to acquire cell global ID and CSG ID of target H(e)NB
The general outline of this approach is ([1], [4], [6], [10]):
a. A measurement gap is assigned to the UE to acquire relevant system information of target H(e)NB (MIB and SIB1 of the target HeNB in LTE, and MIB, SIB1 and SIB3 of target HNB in UMTS).
b. UE reports CGI along with PCI/PSC eliminating any PCI/PSC confusion problem.
c. Preliminary Access checking is performed (at UE) by checking allowed CSG list (for CSG cells) for CSG ID. 
A-2: UE acquires cell global ID and CSG ID of target H(e)NB without a measurement gap
In this approach ([4], [10]) the UE reads relevant system information (MIB, SIB1 in LTE; MIB, SIB1, SIB3 in UMTS) of the target H(e)NB using either:
a. Natural Idle periods resulting from DRx operation, or

b. Periods of tuning to target H(e)NB without gap assignment from source (e)NB (can result in loss of data and impact connection to source (e)NB).

UE can then send a measurement report including the PCI/PSC and the CGI eliminating any PCI/PSC confusion problem. UE can also perform preliminary access check by checking the allowed CSG list for the CSG ID read.
A-3: (For UTRA intra-frequency mobility only) UE acquires cell identity and CSG ID of target HNB without measurement gap ([5])

a. UE reads SIB3/SIB4 of target HNB and reports to serving NB without a measurement gap. SIB/MIB-reading requirements in 25.331 section 8.1.1 shall not be modified. This is an extension of the UE’s MIB reading capability c.f. 25.215.
b. The UE includes CGI in the measurement report to the source RNC, based on the appropriately configured Measurement Control command to resolve PSC confusion.
c. Preliminary access check is performed at 
a. the UE by checking the allowed CSG list and the target cell CSG ID. The UE reports if the check passed; or

b. at the network (for eg, source RNC) where the UE reports CSG id and CSG access mode of the target cell.
The difference between A-3 and A-1 is that reading SIB3/4 of neighbor cell in UMTS does not require a gap.

A-4: Fingerprint/Location information use at UE ([7]
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[3])
a. UE stores in its allowed CSG list PCI/PSC, cell global ID and fingerprint/location information for H(e)NBs that it visits.
b. When UE finds a PCI/PSC that is in its allowed CSG list: 
· if the fingerprint/location matches the fingerprint/location stored in the allowed CSG list, UE considers the preliminary access check to be successful.

· UE reports cell global ID with PCI/PSC to resolve PCI/PSC confusion.
A-5: (For UTRA only) Transmitting relevant system information on a channel with a short TTI (Airvana)
a. HNB transmits cell global ID and CSG ID on a channel with a shorter TTI than the BCH.
b. A measurement gap is assigned to the UE to acquire relevant system information of target HNB.
d. UE reports CGI along with PSC eliminating any PSC confusion problem.

c. Preliminary Access checking is performed (at UE) by checking allowed CSG list (for CSG cells) for CSG ID.
2.2 Network based Solutions (potentially with UE assistance)
B-1: Source (e)NB maintains an association of PCI/PSC to cell global ID ([1])
This approach does not require any assistance information from the UE that is seeking the handover.
a. ANR functions are used to generate the PCI/PSC to CGI association at the Source (e)NB.
b. Source (e)NB can perform preliminary access check if target is a closed cell (assuming source eNB has UE’s CSG membership and CSG ID of target H(e)NB).
c. Does not seem to resolve PCI/PSC confusion.
B-3: UE reports timing difference between serving cell and target H(e)NB ([7])
a. UE reports timing difference between serving cell and target H(e)NB in measurement report.
b. PCI/PSC confusion can be resolved in one of two ways:
· Source (e)NB maintains an association of PCI/PSC, timing difference and CGI. If a particular PCI/PSC and timing difference combination is not known to the source (e)NB, UE can be asked to report CGI.
· If there is PCI/PSC confusion, source eNB sends a handover preparation message to all the H(e)NBs with the reported PCI/PSC along with the timing difference information. The H(e)NB with the correct timing difference accepts the handover.
c. Preliminary access check can be done by the source (e)NB if target is a closed cell (assuming source eNB has UE’s CSG membership and CSG ID of target H(e)NB).
B-4: H(e)NB transmits a second PSC/PCI (Huawei)

· UE reports PSC/PCI of target H(e)NB in measurement report
· At each H(e)NB that uses the reported PSC/PCI, a second PSC/PCI is transmitted. The second PSC/PCI is provided by the network.
· UE measures and reports the second PSC/PCI, which allows the network to resolve PSC/PCI confusion. 
· Rapporteur: No preliminary access check? (Also See Huawei comments in section 3).
Other Solutions

C-1: Conditional Handover to target H(e)NB ([2])

a. Source (e)NB prepares zero or more cells with reported PCI/PSC and always sends a conditional handover command to the UE. (Note: preparation of zero or more target cells occurs before access check by MME).
b. UE acquires MIB and SIB1 of target H(e)NB (interruption same as gap assignment based solution).

c. UE performs preliminary access check by checking the allowed CSG list and the target cell CSG ID. UE accesses the target cell only if it is allowed. If it is not allowed, it returns to the source or tries to access another suitable cell.  
d. PCI/PSC confusion resolution: If the correct target has not been prepared by the source, context fetch is used by the target cell to fetch the UE’s context and data from the source cell. Target cell can reject handover by not performing the context fetch, in which case UE returns to source or tries to access another suitable cell.
C-2: (For LTE inter-freq mobility) HeNB transmits its system information on frequencies other than its serving frequency ([9])
This approach is meant for enabling UEs to acquire system information of H(e)NBs operating on a different carrier (i.e., does not attempt to solve the intra-frequency mobility issues).

a. H(e)NB operating on carrier B transmits relevant system information (MIB, SIB1) on carrier A.

b. UE receives the H(e)NB system information (CGI and CSG ID) and performs preliminary access check and PCI collision resolution (requires a measurement gap or long enough idle periods)

· H(e)NBs need to transmit SCH on carrier A. Further enhancement for synchronous H(e)NBs (with macro eNB) is FFS.

C-3: (For UTRA inter-freq mobility) HNB transmits its system information on frequencies other than its serving frequency ([9], Qualcomm)

This approach is meant for enabling UEs to acquire system information of HNBs operating on a different carrier (i.e., does not attempt to solve the intra-frequency mobility issues).
a. HNB operating on carrier B transmits relevant system information (MIB, SIB1, SIB3) on carrier A.

b. UE receives the HNB system information (CGI and CSG ID) and performs preliminary access check and PSC collision resolution.

The difference between C-2 and C-3 is that C-3 does not require gaps.
3 Comparison of Proposed Solutions

	Solution
	Source
	Comments and Opinions  
Please enter comments and company opinions using change marks. (Rows attributed to Rapporteur try to capture comments made during meeting discussions on this topic and comments in papers on this topic)
	Acceptable
	Not Acceptable

	A-1
	Motorola
	· Gap can cause significant interruption (in LTE MIB and SIB1 reading can take 160 ms). Can impact voice call quality, throughput and user experience. 
· Waiting until signal from H(e)NB is strong enough to require a very short gap for reading MIB and SIB1 may have an adverse effect: in intra-frequency scenarios, UE could experience significant interference from the H(e)NB and cause RLF or handover failure.

· The issue of how this would work when the UE is in the vicinity of several H(e)NBs also needs to be considered. In the assigned gap, would the UE only read system info of that target H(e)NB? Or would it try to somehow read system info of all the H(e)NBs? The former case aligns with release 8 CGI reporting approach (detect and report only one CGI at a time). But this means that several subsequent gaps may be needed for the other H(e)NBs. The latter case may require significant changes to support parallel system information reading.
	
	

	
	Qualcomm
	· Measurement gaps are unecessary for UMTS intra-frequency measurements

· Large measurement gaps are undesirable for UMTS inter-frequency mobility

· Large measurement gaps can lead to radio link failure as the quality of the source cell might degrade during the gap time. If the gaps are small, the UE might not be able to read the required information and again go into radio link failure. 
· This solution should solve the PCI confusion problem. However, for LTE, it doesn’t address the issue for Release 8 UEs and for Release 9  UEs which may be unable to report CGI due to poor radio conditions during handover.
	LTE: Can be considered but has some issues
	We don’t see this promising for UMTS

	
	InterDigital
	· Large measurement gaps (for LTE) are undesirable, but anyway unnecessary in most typical scenarios. The network can wait until the signal strength from the HeNB is sufficiently high and allocate gap(s) much shorter than 160 ms, as discussed separately in the thread. It would  also be possible to allocate two gaps, one for MIB and the other one for SIB1 to prevent a long continuous gap, although this is probably unnecessary in most cases.
	
	

	
	Airvana
	· We echo statements by Qualcomm and InterDigital on the detriments of increasing gap size. Under the “gap” assisted scheme, we would like to discuss the efficacy of coding the “relevant” information (GCI, CSG Id etc.) into a channel with a smaller TTI.

· Our concern is that UE cannot decode a 20ms BCH TTI within the 9.3ms (maximum) gap that is possible for the network to allocate.
	
	

	
	Ericsson
	· If CSG cell is on different carrier/RAT, then a new trigger is needed to start measurements, or they must be permanently activated, which may drain UE battery

· Gaps for reading UTRAN CSG ID has not been estimated.Typical values for the SIB3 repetition periods in live UTRAN networks is 320 ms. Based on this a 400ms measurement gap may be assumed (SIB3 periodicity 320ms, duration 20ms, reading of MIB+SIB1 to be added). However it can be considered to require shorter SIB3 repetition periods for HNBs to limit voice quality impairment.  
	Acceptable, preferrable (if complemented with prel adm ctrl to limit voice Q degradation/UE current drain)
	

	
	Nokia
	· Maybe I have missed but has there been proposal how NW knows when/how to assign required gaps?
	
	

	
	LGE
	· We could not guarantee stable UE service quality if such a long measurement gap is used. In case the target cell turn out to be not suitable, the effort of reading system information is not rewarded
	
	

	
	Vodafone
	· (Rapporteur: May need to be treated as a new proposal) UE can report the exact timing of the SIB1 to the source eNB which can then use this information to accurately setup gaps to acquire SIB1. This means the system information acquisition occurs in two steps. First a worst case gap is provided to read only MIB. Once MIB is acquired, UE determines timing of next SIB1 and reports that to the source eNB. Source eNB then configures small measurement gaps (4* 1ms gaps) to acquire SIB 1 and may at the same time deactivate the existing gap for acquiring MIB. We think that this solution would significantly reduce the service interruption time at the cost of some extra signalling and processing in the UE to determine the timing of the SIB1.
	
	

	
	Samsung
	· 
	Preferable but some enhancements are needed
	

	
	Huawei
	· We do not see this as promising for UMTS

· We see that the GAPs allocated are rather large

· Proximity has not been described so we assume that it is configured all the time.
	For LTE we can consider this
	For UTRA not promising 

	
	Telecom Italia
	· A detailed analysis of the time needed to gather the relevant information has to be done before choosing a solution (both for LTE and UTRAN inter-freq).

· We think the gap(s) needed are not so large, especially if we assume that the handover is triggered when the target cell has sufficient quality to provide the service.

· Probably, multiple smaller gaps can be used for limiting the impact on the service quality
	This is the preferable solution, subject to gap analysis
	

	A-2
	Rapporteur
	· UE somehow needs to precisely know when to look for target H(e)NB system information (otherwise much wasted battery, interruptions and possibly broken link to source cell). 

· DRX periods may not be long enough to read MIB, SIB1.
	
	

	
	Qualcomm
	· Agree with Rapporteur comments

· Long DRX periods can lead to radio link failure as the quality of the source cell might degrade during the period. If DRX periods are small, the UE might not be able to read the required information and again go into radio link failure.


	
	We don’t see this promising for LTE

	
	Samsung
	· Some enhancement needs to be introduced to relieve interruption time caused by the UE’s reading SIB1.
	Preferable but some enhancements are needed
	

	
	InterDigital
	· Agree in general with comments above that long periods of no reception from the source eNB should be prevented.

· The UE should wait until the signal strength from the HeNB is sufficiently high so that MIB and SIB1 are (separately) readable within a DRX inactive period, if available.
	
	

	
	Ericsson
	· Agree with Rapporteur comments

· This solutions does not cover the normal CS voice case
	Same as A-1

	

	
	Nokia
	· Interesting alternative as this has very little impact to specifications – but for this also similar question as for A-1 i.e. Maybe I have missed but has there been proposal how NW knows when/how to assign required gaps?
	
	

	
	LGE
	· Unexpected loss of data or even connection might take place. In case the target cell turn out to be not suitable, the effort of reading system information is not rewarded
	
	

	
	Huawei
	· We think that this solution would limit the types of bearers for different services that can be allocated by the macro cell. And would render the scheme useless, if the macro cell does not comply
	May be
	We have doubts for UTRA

	
	Telecom Italia
	· Also this solution could benefit from the detailed analysis of the time needed to gather the relevant system information in order to check against DRX cycles

· UE behaviour should be testable for some reference configurations
	
	Less predictable than gap assisted and no guaranteed performance

	
	T-Mobile
	· Natural gaps should be used as the primary ways to read the CGI. In general the HO is not time critical and especially in case of interactive services there are many opportunities by natural gaps.

· It shall also be evaluated if there are opportunities to read the CGI by a 2nd receiver (i.e if we consider the inter-frequency and inter-RAT cases.
	
	

	A-3
	Rapporteur
	
	
	

	
	Qualcomm
	· Extend to SIB3/4 the existing UMTS UE capability to read MIB in CELL_DCH to allow reading of CGI and CSGid.
	Promising solution for UMTS intra-frequency


	

	
	InterDigital
	· Appears to be a suitable solution for the UMTS intra-frequency case. For the UMTS inter-frequency case another solution is needed.
	
	

	
	Airvana
	· We agree with and support Qualcomm’s statements under A-3.
	
	

	
	Ericsson
	· This solution may result in HO performance dependent on UE implementation, perhaps more predictable and uniform UE performance is preferred?
	Same as A-1
	

	
	Samsung
	· 
	Acceptable
	

	
	Huawei
	· We do not want to have so many options. We prefer one method for all cases and RATs
	
	To many options

	
	Telecom Italia
	· Ok if it is a mandatory capability
	Acceptable
	

	A-4
	Rapporteur
	· Very dependent on accuracy of location/fingerprint

· Works only for H(e)NBs that UE has previously visited.

· Does not work for hybrid H(e)NBs – not practical to populate hybrid H(e)NB CSG IDs in allowed CSG list


	
	

	
	Samsung
	· Agree with rapporteur. It seems not valid to assume that accurate location information is available always. (e.g., UEs without GPS or in-building, apartment or underground situation) If the location is not accurate enough, A-4 doesn’t seem to resolve PCI confusion.
	
	We don’t see this promising for LTE and UMTS

	
	InterDigital
	· Agree that fingerprinting cannot be relied upon for suitability check.

· Fingerprint may be used to facilitate inter-frequency detection of CSG/Hybrid cells
	
	

	
	Ericsson
	· Finger print information perhaps can assist in triggering measurements for CSG cells. Not sure if it is sufficient for a preliminary check (unless the Cell Identity is actually read).
	
	Not preferred

	
	Nokia
	· Autonomous search for CSGs is already existing UE behaviour i.e. could be simple 

· How in this proposal UE is able to read SIB1 – is the NW assigning gaps? And then again same question as for A-1/2 i.e. how does NW know when to assign gaps?

· For the hybrid cells the connected mode mobility should not be a problem as they could be treated as normal cells?
	
	

	
	LGE
	· If we could have unified behaviors among different UEs with preliminary check by fingerprints, we might have to specify another set of complicated rule for handling fingerprint. This seems not desirable.
	
	

	
	Qualcomm
	· 
	
	We don’t see this promising for LTE and UMTS

	
	Huawei
	· We think that the performance of the network is directly propotional to the accuracy of the UE finger print, density of deployment and the deployment scenario, we doubt thata UE is able to locate itself to the necessary accuracy to assure that the network does nto have problems. 
	
	Not promising

	
	Telecom Italia
	· The fingerprint can be used to reduce the UE activity, but in order to be used as a stand-alone solution probability of false detection should be analyzed
	
	This is only an enhancement of other mechanisms

	
	T-Mobile
	· Agree with Telecom Italia on the analysis. 

· A combination with A-1 or A-2 might limit the false detect.
	
	

	A-5
	
	· 
	
	

	
	Samsung
	· 
	Considerable
	

	
	Huawei
	· 
	Considerable
	

	
	T-Mobile 
	· Overhead and complexity for UEs to acquire CSG ID shall be studied.
	
	

	B-1
	Rapporteur
	
	
	

	
	Qualcomm
	· ANR function currently doesn’t exist in UMTS

· Doesn’t seem to resolve PCI/PSC confustion problem
· The PSC confusion is more severe than PCI confusion. PSC reports are insufficient to resolve the problem. In UMTS, the PSC reports can be coupled with SFN reports to combat confusion. UMTS ANR functionality is needed to support this
	Can be considered for UMTS to support legacy UEs
	We don’t see this promising for LTE

	
	InterDigital
	· For LTE, ANR exists only on X2 interface. Thus the solution requires either a X2 interface for every HeNB to macro, or extending ANR on the S1 interface (through MME). For UMTS the function currently doesn’t exist.

· Preliminary access check by source eNB requires that source eNB has CSG membership of every UE connected to it. This information has to be provided at call setup and transferred at handover.


	
	

	
	Ericsson
	· Parallell preparation could be used to reduce effects of confusion, but in case target is a ‘closed’ CSG cell and rejects the handover, the UE may be ordered to perform a handover, which fails at access. This problem may be ‘repaired’ if UE will in this case return to old cell. The source should have some restriction mechanism to avoid repeating this handover attempt too often. So even if ‘confusion’ remains, the effects can be largely eliminated.
· In networks with both EUTRAN and UTRAN, the EUTRAN ANR functions could be used, but that requires an ‘automated’ transfer mechanism, which currently doesn’t exist
	Might be acceptable, if complemented to resolve 'PCI confusion'

	

	
	Motorola
	· Can result in lot of access attempts by UEs to non-allowed cells (for example, if user’s H(e)NB has same PCID as that of a coffee shop somewhere, many UEs will try to handover to the user’s H(e)NB). 
· Significant interruption if UE has to attempt access on a non-allowed cell, fail and return to source cell.
	
	

	
	Nokia
	· Easy to specify/implement as ANR exists for EUTRAN

· Possibely also solves the PCI confusion as NW can always request ANR for possible PCI confusion cells
	
	

	
	LGE
	· Since access check is performed by source (e)NB, it is achieved that handover UE would not experience any further delay that could be caused by suitability check in target cell. This is desirable, and preferred by us. Drawback of B-1 is that, as pointed out in the other comments, handover UE does not provide any help to revolve possible PCI/PSC confusion to network. Even though B-1 does not resolve PCI confusion issue, we think, at least for LTE, ANR capability of network and CGI reporting mechanism would be quite sufficient to manage its surrounding to be locally PCI confusion free. Locally PCI confusion-free environment may be temporary broken ,e.g., when new H(e)NB appears, since uncoordinated deployment of H(e)NBs are typically considered. Even in this case, by employing ANR function and CGI report from UEs, the local area would become PCI confusion free again. So we are not sure if PCI confusion shall be considered as a quite serious leverage in deriving inbound CSG mobility solution.
	
	

	
	Smasung
	· This doesn't solve PCI confusion. If there are multiple home cells using the same PCI, it’s not clear how to solve the confusion.
	
	We don’t see this promising for LTE and UMTS

	
	Huawei
	· We need a scheme that resolves or almost eliminates PSC/PCI confusion
	
	Not promising

	
	Telecom Italia
	· This solution can be used improve the HO procedure, but it does not resolve the main problem of the PCI confusion
	
	Not sufficient as stand alone

	
	T-Mobile
	· Sounds like a complex network solution ! Especially when considering a deployment of LTE HeNB over existing GERAN coverage this seem to not work ...

· Impact of the macro network is not acceptable
	
	Not acceptable as it requires complex macro upgrade (issue: GERAN)

	B-3
	Rapporteur
	· Cannot be applied to TDD H(e)NBs that operate on shared carrier (feasibility of TDD HeNB operation on shared carrier to be studied).
	
	

	
	Samsung
	· Single pair of PCI/PSC, timing difference and CGI association is not enough to resolve PCI confusion because same PCI can be re-used by two different CSG cells in the same distance from the macro cell. The UE should report multiple pairs of PCI/PSC, timing difference and CGI association in its location to uniquely determine target CSG cell.
· The network should manage location of CSG cells with high accuracy. Unless the UE doesn’t report absolute location information (e.g., GPS based location), this seems not possible to be got by ANR function. Probably HeNB management server should keep this information reported directly from HeNB.
	
	

	
	Qualcomm
	· Good starting point for supporting active mobility for legacy UEs in UMTS
· HNB adjust-channel tx power requirement conformance test in TS25.141 implicitly assumes that HNB has DL Listen capability
· For UMTS, Agree with Motorola comments that CGI reports are not needed frequently, although timing drift needs to be tracked. 

· No network synchronization is required in UMTS.

· For UMTS, this proposal can be combined with B-1 and ANR.
	Promising for UMTS legacy UE support
	We don’t see this promising for LTE

	
	InterDigital
	· Requires DL receiver at HeNB to measure frame timing.
	
	

	
	Ericsson
	· This solution relies on network synchronization.
	
	Not preferred

	
	Motorola
	· DL receiver at H(e)NB is not a requirement. If the network does not have an association between a reported timing difference and a CGI, the UE is asked to acquire and report the CGI (this would require a long gap, but this should happen very infrequently; once the association is made, there is no need to ask the UE to report CGI). There is also no need for network synchronization.
· It is highly unlikely that two cells with the same PCID also have the same timing difference with respect to a macro cell. There is no relationship between the timing difference and distance to macro cell. The timing of a HeNB is assumed to be random (as it should be in an un-coordinated, unsynchronized network).

· With respect to ALU comments below: we think that for most of the H(e)NBs, rebooting will be infrequent. There is no need for any co-ordination between macro network and the H(e)NBs (if network does not have an association between a reported timing difference and a CGI, the UE is asked to report the CGI).
	
	

	
	Alcatel-Lucent
	· The timing is restarted when H(e)NB or Macro is reboot.  May need to consider the frequency of this H(e)NB reboot
· It also needs a lot of coordination between the macro network and the H(e)NB network to handle the timing difference.
	
	

	
	LGE
	· we think Motorola’s comments are correct (DL receiver that is not required, no relevance for distance, assumption of random framing timing for HNB..)
	
	

	
	Huawei
	· We would like a method using one technique applicable for all RATs and deployements
	
	Not promising

	
	Telecom Italia
	· It allows for a network control, but it requires a tight synchronization, so it can became complex and/or expensive
	
	Probably too complex

	
	T-Mobile
	· Network synchronization shall not be the basis to solve the issue …

· Also agree with Huawei, that one method for all RATs should be the target …
	
	Too complex

	B-4
	Rapporteur
	· 
	
	

	
	Ericsson
	· Unclear how network identifies which cells have ‘confused’ PCI/PSCs and how the network orders these cell to send a second PCI/PSC.

· Seems to imply a handover preparation delay plus considerable complexity, hence less attractive than some alternatives 
	
	Not preferred

	
	Huawei
	· Preliminary access check: for ping pong handover in principle there is no need to have an access check as it is implicitly assumed due to the nature of the mobility use case. For use case 2: source network has to have a UE’s CSG membership and CSG ID of target h(e)NB.
	
	

	
	Alcatel-Lucent
	· It is unclear of how this is coordinated between the macro cell and H(e)NB for configuring the second PSC/PCI.
	
	

	
	Samsung
	· What’s the impact of PCI change on idle/connected UEs already under the home eNB? It should be studied in detail.

· The network should have some method to identify un-used secondary PCI/PSCs near the multiple target CSG cells. Finding the secondary PCI/PSC could be difficult if number of CSG cells is very high. Or, the network should reserve some of the PCIs/PSCs for secondary PCI/PSC. (This seems not a good approach considering lack of PCIs/PSCs.)
	
	We don’t see this promising for LTE and UMTS

	
	Qualcomm
	· Agree with Ericsson and Alcatel-Lucent comments, solution is too complex in its current form.

· There are further timing and interference concerns related to the broadcast of PSC’., which need to be addressed
	
	We don’t see this promising for LTE and UMTS

	
	Telecom Italia
	· Probably it requires a big impact on specification
	
	It seems too complex 

	
	T-Mobile
	· Effect of the 2nd PSC/PCI on camping mobiles need to be investigated (see Samsung comment).

· Looks also like a complex solution
	
	Complexity

	C-1
	Rapporteur
	· UE may end up accessing even if target H(e)NB refuses handover


	
	

	
	Qualcomm
	· UE accesses target H(e)NB only if preliminary access check passes at UE
·  If the target cell is unprepared, context fetch is used to fetch the UE’s context and data from the source cell.
· Solves PCI confusion problem. For LTE, advantage over A-1 is that it works for: a) Release 8 UEs and b) Release 9 UEs which have poor radio conditions with the source during handover. Moreover, handover latency is also reduced
	Promising for LTE. Can be considered for UMTS inter-frequency solution.


	

	
	InterDigital
	· This solution seems appropriate in certain scenarios where the UE is going fast out of coverage from the source eNB and did not have time to measure the CGI of the HeNB.

· In more typical scenarios it seems preferable to attempt CGI decoding (and confusion resolution) before a handover is urgently needed, to reduce the probability of losing the connection when the HeNB is not suitable.

· Does not address the issue of facilitating detection of inter-frequency HeNBs.
	
	

	
	Ericsson
	· Access control appears to occur in two steps: initial locally in UE, final in eNB/MME at access. Seems to require modified rejection mechanism.

· A variant is to use ‘release with redirection’ if PCI/PSC confusion is present, and rely on re-establishment to fetch context and re-start connection. Possibly a new cause value could be used to avoid the added 60ms delay. If the UE is admitted, the difference in performance is negligible and the specification impacts minimal. In order to reduce the frequency of interruptions due to ‘mistaken home cells’ the source RAT only releases the UE when the target cell is very strong.
	Acceptable (if complemented with prel adm ctrl to limit UE current drain)
	

	
	Motorola
	· If the UE lands on the right cell, the interruption is about the same as in the gap based approach (there may be a small saving since CGI reporting is not done).

· If the UE lands on the wrong cell, the interruption is likely to be more than the gap based approach – UE has to return to the source cell and re-establish. 

· Can cause quite a lot of unnecessary cell preparation and context fetching.

· Cell on which recovery occurs could again try to handover UE to same H(e)NB. 

	
	

	
	Alcatel-Lucent
	· It is unclear to us how multiple preparation can work for UMTS
	
	

	
	LGE
	· Reading MIB,SIB1 after reception of HO msg may add an unacceptable and variable delay. Then when UE really begins to move to the target cell after checking the suitability, the radio condition between the UE and the target cell might be different from when the UE received the handover msg, due to the delayed handover.
	
	

	
	Samsung
	· Agree with Motorola
	
	We don’t see this promising for LTE and UMTS

	
	Huwaei
	· We think that there is unacceptable delay in the PCI/PSC confused case which is the normal one

· Proximity is needed if unnecessary network signaling is to be avoided.
	
	Not appropriate

	
	Telecom Italia
	· This mechanism can be considered only if UE based gap assisted is not feasible

· If the PSC/PCI can not be resolved, the minimum interruption time has to be evaluated (as for A1)

· Measurements performed only when handover is executed (blindly)
	only if UE based is not feasible 
	

	
	T-Mobile
	· Sound like a simple solution and in case UE pre-check is used the number of confused PCIs is very limited (2..3 in worst case?)

· Drawback is to preparation of multiple HO targets, but seems acceptable as H(e)NB should not run  at very high load ..
	Simple and reliable if combined with UE assistance (pre-ckeck)
	

	C-2
	Rapporteur
	· Does not address intra-frequency mobility issues. 
· Introduces interference to macro cell.

· Does the H(e)NB also transmit SCH on carrier A?
	
	

	
	Qualcomm
	· 
· Judicious power allocation is needed to mitigate interference to macro cells.
· Agree with Samsung general position that interference can be controlled to have pretty much no macro impact.

· There is no concern about measurement reporting Rel-9 UEs, as standards work for them is still in progress. For UMTS legacy UEs, measurement reporting is also controllable via already available procedures and thresholds.
	LTE: Can be used along with other solutions


	

	
	Samsung
	· C-2 can be used together with other UE based solutions to enable intra-frequency hand-in.
· Interference issue can be relieved by low duty cycle of HeNB’s system information transmission on other frequencies (that is, HeNB  less frequently  transmits its system information on other frequencies compared to a normal operation) or precise power control.
· HeNBs need to transmit SCH on carrier A. Further enhancements for synchronous HeNBs (with macro eNB) can be considered.
	LTE: Can be used along with other solutions
	

	
	InterDigital
	· Speeds up detection of CSGs in other frequencies

· Will increase amount of measurement reporting in the system since H(e)NBs will be detected and reported on all frequency layers 
	
	

	
	Ericsson
	· Agree with Rapporteurs comments
	
	Not preferred

	
	LGE
	· Considering uncoordinated deployment of H(e)NBs, this can be seen as stealing of some resource by macro eNB. This might not be acceptable by macro eNB.
	
	

	
	Huawei
	· We agree with rapporteurs comment and in general all companies comments
	
	

	
	Telecom Italia
	· In line with the Rapporteur comments
	
	It seems to have more drawback than benefit

	
	T-Mobile
	· Support Rapporteurs comments


	
	No

	C-3
	Rapporteur
	
	
	

	
	Qualcomm
	· In UMTS, the solution addesses compressed mode inter-frequency mobility issues, by reusing intra-frequency solutions (avoids inter-frequency switching). 
· Judicious power allocation is needed to mitigate interference to macro cells.
· Same comments as in C-2
	Promising solution for UMTS inter-frequency case
	

	
	InterDigital
	· Same comments as in C-2


	
	

	
	Ericsson
	· Agree with Rapporteurs comments
	
	Not preferred

	
	Samsung
	· 
	Promising solution for UMTS inter-frequency case
	

	
	Huawei
	· Same comments as C2
	
	

	
	Telecom Italia
	· Same concerns as C-2
	
	It seems to have more drawback than benefit

	
	T-Mobile
	· Same as C-1 and impact on mobiles on the other (macro) frequency shall be studied.
	
	No


4 Summary and Proposed Way Forward
A wide range of solutions and opinions have been expressed for supporting inbound mobility to H(e)NBs. The solutions have been grouped into 3 classes. (a) UE based solutions – where UE resolves PCI/PSC confusion and performs preliminary access check; (b) Network based solutions – where network eliminates the PCI/PSC confusion and performs preliminary access check potentially with some UE assistance; and (c) Other solutions that could not be grouped into the first two classes.
The following is a brief summary of the various solutions and discussion around them (for more details see section 2 and 3):

· UE based solutions that require UE to acquire system information of candidate H(e)NBs (A-1, A-2): For these solutions there was some discussion about the DRX durations or gap durations needed for acquiring candidate H(e)NB system information. Several companies felt that the gaps can cause significant interruption, cause RLF, impact user experience etc. Other companies think that this gap can be kept short by ensuring that UE tries to acquire the system information only when the H(e)NB signal is very good and thus have a very short gap. The central issue is what duration of gap(s) are needed to reliably acquire MIB and SIB1 of candidate H(e)NBs. On this issue there was no clear agreement.
· UE based solutions for individual technology, intra/inter-frequency pairs (A-3 for UTRA intra-frequency mobility, A-5 for UTRA inter-frequency mobility). 
· Solution A-3 for UTRA intra-frequency consists of UE reading candidate HNB’s system information without a gap. There was some support for this. But one company expressed concern that HO performance would depend on UE implementation, which is undesirable. Another company felt that this causes too many options (better to have solutions with wider scope).
· Solution A-5 for UTRA inter-frequency was introduced during the email discussion and there has not been much discussion about it. At least two companies think this solution is acceptable for UTRA inter-frequency mobility.

· UE based solution using Fingerprints (A-4): Several companies commented that this approach is not very promising at least in its current form.
· Network based solutions (B-1, B-3, B-4): 
· Solution B-1 consists of an ANR mechanism to generate association of PCI/PSC to CGI. Several companies noted, and it seems to be generally agreed, that this does not solve the PCI/PSC confusion issue (and as a result there can be unnecessary interruptions and unwanted handover attempts). Several companies noted that UTRA does not have an ANR function and therefore it is difficult to use this for UTRA. Some concerns were also expressed about how preliminary access check is performed. However, two companies felt that this might reduce the PCI/PSC confusion issue.
· Solution B-3 consists of using the timing difference of the H(e)NB with respect to the serving cell. It was mentioned that (if source eNB maintains an association of PSC/PCI and timing difference to CGI) although CGI reports are not frequent, it is necessary to track timing drift. One company indicated that they would prefer one technique for all RATs and deployments. It was clarified that the solution does not require a DL receiver in the H(e)NBs, and there is no need for any co-ordination or synchronization.
· Solution B-4 consists of the candidate H(e)NBs transmitting a second PSC/PCI to resolve PSC/PCI confusion. Several questions were raised about the delays introduced, how the co-ordination of the second PSC/PCI is done with the network, interference caused etc.
· Other solutions (C-1, C-2, C-3): 
· Solution C-1 consists of performing a conditional handover to the candidate H(e)NB and returning to the source through a handover failure mechanism if candidate is not suitable. Several companies felt that the delays involved may be too long (similar to or more than the gap based solution A-1). A question was raised about how multiple cell preparation would work in UMTS. Also, it appears that repeated conditional handover attempts to the same H(e)NB can occur.
· Solutions C-2 (for inter-frequency LTE) and C-3 (for inter-frequency UTRA) consist of H(e)NB transmitting a sync channel and its system information on frequencies other than its serving frequency. It was noted that solution C-2 does not address intra-frequency mobility. Concerns were also raised for both C-2 and C-3 about interference caused and increased measurement reporting on all frequency layers. The issue of additional cost and complexity due to transmission capability on multiple frequencies has not been discussed.
Proposed Way Forward:

In spite of the extensive discussion, there was not much overall progress in converging on solutions. Based on the comments received, the following guidelines are proposed for further discussion:

· De-prioritize fingerprint based solution (A-4) (This was proposed by the Rapporteur; however, at least one company felt that location/fingerprint information can form basis of a workable solution; so this may need further discussion).

· De-prioritize discussion of solutions that do not solve at least the PCI/PSC confusion for intra-frequency mobility until we settle on an approach to solve (at least intra-frequency) PCI/PSC confusion (B-1, C-2, C-3).

· Further discussion/contributions are needed on the gap durations and interruption for the solutions in which UE reads system information (A-1, A-2, A-5, C-1, C-2), to determine if the gaps can be short enough to not cause significant interruptions. 
· Discuss how much “misalignment” of solutions is acceptable. In general it is preferable to have a solution that works for intra/inter-frequency, UMTS, LTE. Given the variety of solutions, this issue has not been given much consideration.
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