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1 Introduction
The proposals for solving connected mode inbound mobility problem were discussed in RAN2#65bis & RAN2#66 and in an email discussion [13].  In RAN2#66, it was decided that as a way forward for UMTS, the following scenarios will be considered in Release 9 [19]:

a. Intra-frequency mobility (from UMTS macro to UMTS HNB)
b. Inter-frequency mobility (from UMTS macro to UMTS HNB)

c. Inter-RAT mobility (from UMTS macro to LTE HeNB)
Further, it was decided that the discussion on this topic should[19]:

· prioritize intra & inter-frequency scenarios 
· focus on a solution for Release 9 UEs (the solution may also work for pre-R9 UEs, but inbound mobility for pre-Rel9 UE will not be a criterion for judging the solution) [27]

This email discussion builds on the discussion that has already taken place, with the above mentioned focus and decisions.
Proposed solutions for intra-frequency and inter-frequency have been summarized in the separate Sections 2 & 3 respectively and have been classified based on the following table (same as in [13])

	Problem
	UE based Solution
	Network based Solution (potentially with UE assistance)

	PSC confusion
	· UE provides CGI (cell global identity) in measurement report
	· Network could resolve PSC confusion on its own (without additional information from UE).

· Network could resolve 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 RNC) 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). The UE may or may not inform the network of its (preliminary) membership to the hybrid cell’s CSG.
2. For solutions that require measurement gaps, unless mentioned otherwise, the gap needs to be long enough to read MIB and SIB3/4 of the target HNB.

3. The network (other than the UE and source NodeB/RNC) has the ultimate responsibility to check and permit handover of a UE to a HNB, (common understanding in RAN3 [21]). However, since UE may encounter a number of HNBs, preliminary access check at the UE or source RNC may be beneficial. RAN3 has postponed discussion on ensuring the correct access control in the network [22-26], pending conclusion of the inbound handover discussion in RAN2 (see [21] and the yet-to-be treated LS from RAN3#64 [20]).
The comparison between solutions for intra & inter-frequency is performed in Sections 4 & 5 on various aspects. Section 6 captures the convergence on solutions achieved and the way forward agreed by various companies. Finally, Section 7 summarizes the whole discussion.
2 Proposed Intra-Frequency Solutions
Proposed solutions applicable to intra-frequency handovers that were presented in RAN2#65bis & RAN2#66 are listed below, along with descriptions of how they try to resolve PSC collision and perform the preliminary access check.

2.1 UE based Solutions
A-1: UE acquires cell identity and CSG ID of target HNB without measurement gap (‎[5])

a. UE reads SIB3/4 of target HNB without a measurement gap based on the appropriately configured Measurement Control command by the network (This is an extension of the UE’s capability to read the System Frame Number (SFN) from BCCH, which also carries MIB and SIBs)
b. UE reports CGI/Cell Identity along with PSC, eliminating any PSC confusion problem.
c. Preliminary Access checking can be performed (at UE) by checking allowed CSG list (for CSG cells) for CSG ID.
A-2: UE is assigned a measurement  gap to acquire cell global ID and CSG ID of target HNB

The general outline of this approach is given in (‎[1]):

a. A measurement gap is assigned to the UE to acquire MIB & SIB3/4 of target HNB.

b. UE reports CGI/Cell Identity along with PSC, eliminating any PSC confusion problem.

c. Preliminary Access checking can be performed (at UE) by checking allowed CSG list (for CSG cells) for CSG ID.

The difference between A-1 and A-2 is that A-1 doesn’t require measurement gap for reading SIB3/4 of neighbor cell.

A-3: Fingerprint/Location information use at UE (‎[7]

 REF _Ref227050281 \r \h Error! Reference source not found.)

a. UE stores in its allowed CSG list PSC, cell global ID and fingerprint/location information for HNBs that it visits.

b. When UE finds a 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 PSC to resolve PSC confusion.
Rapporteur: 
-
How does this work in case of hybrid cells and non-member UEs? Are UEs expected to keep fingerprint of every hybrid HNB?
- Is there any HNB deployment assumption required (e.g. about density, PSC reuse) for fingerprining to work? 
2.2 Network based Solutions (potentially with UE assistance)
B-1: Source RNC maintains an association of 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 PSC to CGI/Cell Identity association at the Source RNC.
b. Source RNC can perform preliminary access check if target is a closed cell (assuming source RNC has UE’s CSG membership and CSG ID of target HNB).
c. Does not seem to resolve PSC confusion. Instead, multiple HNBs with same PSC are expected to be prepared. 
Rapporteur: 
· Since the UE has to be informed about the preparation, how will all HNBs be prepared with the same resources (channels, etc.)? 
B-2: UE reports timing difference between serving cell and target HNB (‎[7])

a. UE reports timing difference between serving cell and target HNB in measurement report.
b. PSC confusion can be handled in one of two ways:
· The network maintains an association of PSC, timing difference and CGI/Cell Identity. Source RNC sends the handover preparation message to only that HNB which has reported PSC and timing difference. If a particular PSC and timing difference combination is not known to the source RNC, UE can be asked to report CGI/Cell Identity.
· The network sends a handover preparation message to all the HNBs with the reported PSC along with the timing difference information. The HNB with the correct timing difference accepts the handover. The assumption here is that no two HNBs in the same macro vicinity will share the same timing and  PSC. (Rapporteur: Is there any HNB deployment density assumption required?)
c. Preliminary access check can be done by the source RNC if target is a closed cell (assuming source RNC has UE’s CSG membership and CSG ID of target HNB).
B-3: HNB transmits a second PSC ([16])

· UE reports PSC of target HNB in measurement report
· The network commands candidate target HNBs that use the reported PSC, to transmit a second (or dynamic) PSC.
· UE measures and reports the second PSC, which allows the network to resolve PSC confusion. 
· Preliminary access check can be done by the source RNC if target is a closed cell (assuming source RNC has UE’s CSG membership and CSG ID of target HNB).
Rapporteur: 
· Does the second PSC come from the CSG PSC split?


B-4: Fingerprint/Location information use at Network ( [15])

a. Based on the deployment, network (source RNC?) maintains PSC, cell global ID, CSG ID and fingerprint/location information of each HNB around it.

b. When UE reports a PSC that also belongs to the user’s own HNB (i.e., HNB CSG ID is present in UE allowed CSG list): 

· if the fingerprint/location of UE matches with the fingerprint/location of UE’s allowed HNB, network considers the preliminary access check to be successful and PSC confusion to be resolved.

Rapporteur: 
- Is there any HNB deployment assumption required (e.g. about density, PSC reuse) for fingerprining to work? 
Rapporteur: Note: RAN3’s conclusion [20] is that “there are no network-based solutions that can unequivocally determine the identity of the handover target”.
3 Proposed Inter-Frequency Solutions

Proposed solutions applicable to inter-frequency handovers that were presented in RAN2#65bis & RAN2#66 are listed below along with descriptions of how they try to resolve PSC collision and perform the preliminary access check.
3.1 UE based Solutions

C-1: UE acquires cell global ID and CSG ID of target HNB without a measurement gap
In this approach (‎[4], ‎[10]) the UE reads MIB and SIB3/4 of the target HNB using:

a. Periods of tuning to target HNB without gap assignment from source RNC (can result in loss of data and impact connection to source RNC).
UE can then send a measurement report including the PSC and the CGI/Cell Identity eliminating any PSC confusion problem. UE can also perform preliminary access check by checking the allowed CSG list for the CSG ID read.

C-2: UE is assigned a measurement gap to acquire cell global ID and CSG ID of target HNB

a. Same as A2


C-3: Fingerprint/Location information use at UE (‎[7]

 REF _Ref227050281 \r \h Error! Reference source not found.[14])

a. Same as A-3
Rapporteur: How does this work in case of hybrid cells and non-member UEs?

C-4: HNB transmits its system information on frequencies other than its serving frequency (‎[9][13][14][17])

This approach is meant for enabling UEs to acquire system information of HNBs operating on a different carrier.
a. HNB operating on carrier B transmits relevant system information (MIB, SIB3/4) on carrier A.

b. UE on carrier A receives the HNB system information (CGI/Cell Identity and CSG ID) without the need for measurement gaps. PSC cofusion is thus resolved.
c. UE may perform preliminary access check. 

C-5: Transmitting relevant system information on a channel with a shorter TTI ([13][18])

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.
c. UE reports CGI/Cell Identity along with PSC eliminating any PSC confusion problem.
3.2 Network based Solutions (potentially with UE assistance)
D-1: Source RNC maintains an association of PSC to cell global ID (‎[1])
a. Same as B-1
D-2: HNB transmits a second PSC ([16])

b. Same as B-3

D-3: Fingerprint/Location information use at Network ([14][15])

a. Same as B-4
Rapporteur: Note: RAN3’s conclusion is [20] that “there are no network-based solutions that can unequivocally determine the identity of the handover target”

Other Solutions

E-1: Conditional Handover to target HNB (‎[2])

a. Source RNC prepares zero or more cells with reported PSC and always sends a conditional handover command to the UE. 

b. UE acquires MIB and SIB3/4 of target HNB (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. 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.
4 Comparison between Proposed Solutions for Intra-frequency
Each sub-section below compares proposed solutions on a different aspect. 
Handover Performace

Includes: Impact on voice quality, chances of radio link failure or call drops, significant delay
	Soln
	Source
	Comments and Opinions  
Please enter comments and company opinions by adding a separate row and using change marks.
	Acceptable
	Not Acceptable

	A-1
	Qualcomm
	· No gaps required. Thus, no interruptions due to large gaps.

· Long SIB3/4 repetition period could affect handover performance. These SIBs may have to be sent more frequently from HNBs 


	
	

	
	Airvana
	· Changes are however required to mandate the UE from reading the BCH while in CELL DCH. 
	X
	

	
	Samsung
	· 
	X
	

	
	Ericsson
	· Shortening the SIB3/4 repetition period of the HNB should be considered. 
	X
	

	
	Telecom Italia
	· Ok. We have to clearly specify that the feature is mandatory.
	X
	

	
	InterDigital
	· The additional requirement for UEs in CELL_DCH to read the MIB and the SIBs has to be introduced.  However, we do not see this as an added complexity, since Release 8 UEs with enhanced CELL_FACH capabilities already have the ability to read the MIB and the SIBs while performing E-DCH transmission and HS-DSCH reception (just like in CELL_DCH).


	X
	

	
	NOKIA, NSN
	· This seems to be most reasonable approach in case of PSC confusion, which may be the case if there is a high number of CSG deployed, however it should not be a requirement in case there is no PSC confusion ( e.g. low number of CSG cells deployed, especially in early stages of deployment, fingerprint assistance, NW implementation specific knowledge, etc ). In case there is confidence that no PSC confusion exist then there is no need to perform any procedure other than normal handover preparation.

· NW can consider scheduling SIB3 more regularly to speed up the process

· Interference from CSG cell on HNB cell may make this impossible in some cases, before RLF is detected.
	?
	

	
	Vodafone
	· Might need a quick way of recovering from RLF due to long time required to read SIB3. 
	X
	

	
	Huawei
	· We agree with Ericsson that shortening SIB3 can be considered.
	X
	

	
	NEC
	· 
	X
	

	
	LGE
	· A-1 is quite  acceptable
	
	

	
	T-Mobile
	· This is preferred solution and we can consider to shorten SIB3 cycle to improve performance.

· A3 is also useful in combination with A1 enabling UEs to trigger HO attempt early enough who are member of CSG and having fingerprint information
	X
	

	
	
	· 
	
	

	A-2
	Qualcomm
	· Large gaps can impact voice quality and cause RLF

· Long SIB3/4 repetition period could affect handover performance. These SIBs may have to be sent more frequently from HNBs 

· Data/voice packets are may be lost during large gaps.
	
	

	
	Airvana
	· Agree that reading Cell Identity / GCI is the way forward. 
· We are not in favour of any solution that increases max gaps to larger than the current 14 slots allowed per 25.133.
	
	X

	
	Samsung
	· We prefer A-1 for UMTS
	
	

	
	Ericsson
	· A-1 is preferred solution 
	
	

	
	InterDigital
	· We also prefer A1 for UMTS. We don’t see the need to introduce gaps since UMTS UEs have the capability of receiving SIBs while monitoring DL channels in the same frequency.
	
	

	
	NOKIA, NSN
	· Should not need gaps for intra-freq.
	
	X

	
	Vodafone
	· 
	
	X

	
	Huawei
	· We do not needs gaps for this use case
	
	

	
	NEC
	· No need for gaps for intra frequency
	
	X

	
	LGE
	· Doubtful if the longer gap assignment than what is currently allowed, i.e., 14 slots, is straightforward
· A-1 is preferred
	
	

	
	T-Mobile
	· 
	
	X

	A-3
	Qualcomm
	· No measurement gaps required. Thus, no interruptions due to large gaps.

· May not work for hybrid/open cells.

· Performance may be affected by HNB deployment choice, or by changes in deployment.

· Handover will not work for CSG cells where the UE hasn’t been before.
	
	

	
	Airvana
	· Agree with Qualcom on the last bullet. We are also under the same impression. 
	
	

	
	Samsung
	· As Qualcomm mentioned, may not work for hybrid cells.
· The fingerprint may be inaccurate sometimes (e.g., when the UE encounters a new allowed HNB, or when HNB is allowed to turn on/off its transmitter and change PCS after returning from off state.)
	
	X

	
	Ericsson
	· This is not a complete solution as such, but an aspect that needs to be considered together with e.g. A-2 when to assign measurement gaps.
	
	X

	
	Telecom Italia
	· It is not needed if we go for A-1.
	
	X

	
	InterDigital
	· We also think this a not a stand-alone solution but could be complementary to A1 or A2 and beneficial for optimization purposes. In case A-1 is used with A-3, the UE would perform the measurements based on the fingerprints and since no gap is required it wouldn’t need any interaction with the network for gap assignment purposes.
	
	

	
	NOKIA, NSN
	· Could be used as an optimization dependant on UE implementation + capability, however not a standalone solution. 
	
	X

	
	Vodafone
	· Solution should work for hybrid cells
	
	X

	
	Huawei
	· We agree with the majority
	
	X

	
	NEC
	· This is not a complete solution.
	
	X

	
	LGE
	· Beneficial in some cases, but not complete solution. 
	
	

	
	T-Mobile
	· Fully agree with InterDigital. (not as stand-alone)

· As described in A1
	(X)
	

	
	
	· 
	
	

	B-1
	Qualcomm
	· No measurement gaps required. Thus, no interruptions due to large gaps.

· Does not resolve PSC confusion

· Requires preparation of multiple target cells

· RAN3 has concluded pure network-based solutions are not feasible
	
	

	
	Airvana
	· This method is no better than a trial and error approach. 
· The ambiguity still exists. 
	
	X

	
	Samsung
	· This method cannot solve PCS-confusion.
	
	X

	
	Ericsson
	· Does not resolve PSC confusion
	
	X

	
	Telecom Italia
	· This solution does not resolve the main problem of the PCI confusion.
· It can be used to assist the HO procedure
	
	X

	
	InterDigital
	· PSC confusion might still occur with this solution.
	
	X

	
	NOKIA, NSN
	· Could be used to assist decision whether there is likely to be PSC confusion or not, however does not solve problem if there are a large number of CSG cells. 
	
	X

	
	Vodafone
	· This method relies on ANR which is not available for UMTS
	
	X

	
	Huawei
	· Trial error solution should be avoided
	
	X

	
	NEC
	· Does not resolve PSC confusion
	
	X

	
	LGE
	· Suitable as long as PCI confusion is considered insignificant because no suitability check, no SIB reading are needed, so no interruption, no additional UE power drain, no change on existing specification are needed)
	
	

	
	T-Mobile
	· 
	
	X

	
	
	· 
	
	

	B-2
	Qualcomm
	· No measurement gaps required. Thus, no interruptions due to large gaps.

· Unclear if technique is sufficient to resolve PSC confusion.

· Solution applicable for legacy UEs (with 20 ms accuracy)

· Multicell preparation may be needed to resolve occasional ambiguities (as an alterantive to network synchronization from Samsung’s comment)
	
	

	
	Airvana
	· Multiple HNBs are still prepared.
· Solution probably applicable for legacy Ues as well. 
	
	

	
	Samsung
	· The accuracy of timing difference information should be good enough to uniquely identify target HNB. Note that one micro second timing difference can be almost 300 meters in geographical location.
· Network (or macro NB and HNBs at least) should be synchronized to avoid same timing difference report for HNBs deployed in different locations.
· Legacy UE should implement a new feature anyway.
	
	X

	
	Ericsson
	· Doubts if this method is sufficient, and it puts requirement on the network synchronization.
	
	X

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

	
	InterDigital
	· Multiple HNBs need to be aware of all neighbor source macro cells timing to know whether the handover preparation message is dedicated to the given HNB

· Multiple HNBs without the correct timing difference have still to receive the handover preparation message
· This solution requires maintaining a database of HNB-related information (PSC, timing difference, CGI) in the source RNC
	
	

	
	NOKIA, NSN
	· Adds complexity to the NW, this is not UE based solution
	
	X

	
	Vodafone
	· This solution seems to rely on the presence of a DL receiver which should be avoided.

· Requires RNC to maintain an association of frame timing and HNB id in a database
	
	X

	
	Huawei
	· Impact on the network is too great
	
	X

	
	NEC
	· Impact on NW synchronization.
	
	X

	
	LGE
	· Would like to know how this puts strict requirement on network synchronization. Rather, this seems to work in relaxed network synchronization.  
· PCI confusion occurrence decrease to high extent since it is unlikely that the two adjacent HNBs in PCI confusion have the same timing difference to the source cell. 
	
	

	
	T-Mobile
	· 
	
	X

	
	
	· 
	
	

	B-3
	Qualcomm
	· No gaps required. Thus, no interruptions due to large gaps.

· Unclear if technique is sufficient to resolve PSC confusion (RAN3 has concluded pure network-based solutions are not feasible).
	
	

	
	Airvana
	· Is the 2nd PSC on a second transmitter?
· Unclear about the duty cycle requirements (on/off cycle) for the 2nd PSC

· Unclear if interference issues can be addressed satisfactorily 

· As with Qualcom, we also believe that we need a further partitioning of the HNB RAN PSC space. 
	
	

	
	Samsung
	· The detail is not clear
	
	

	
	Ericsson
	· Not clear if this resolves the PSC confusion
	
	X

	
	Telecom Italia
	· It requires more detailed description and complexity analysis.
	
	

	
	InterDigital
	· Solution seems to reduce the available PSC for HNBs and thus potentially increase the PSC confusion probability. This could be alleviated by the use of secondary scrambling codes on another physical channel (as already possible in UMTS).
	
	

	
	NOKIA, NSN
	· Not guaranteed to resolve confusion
	
	X

	
	Vodafone
	· Requires RNC to contact all potential target HNBs (extra signaling)

· HNB needs to send two pilots with different PCIs (complexity is high)
	
	X

	
	Huawei
	· We assumed this email discussion is to identify a way of the UE identifying the CSG cell uniquely and we should not discuss network based solutions

· In answer to questions: We agree that PSC confusion is not 100% eliminated but it is drastically reduced.
	
	X

	
	NEC
	· Confusion is not resolved completely,
	
	X

	
	LGE
	· Not clear how 2nd PSC is transmitted
	
	

	
	T-Mobile
	· 
	
	X

	B-4
	Qualcomm
	· No measurement gaps required. Thus, no interruptions due to large gaps.

· Unclear if technique is sufficient to resolve PSC confusion (RAN3 has concluded pure network-based solutions are not feasible).
	
	

	
	Airvana
	· Not sure if this is scalable if density of femtos per umbrella macro increases
· Ambiguity still remains

· Most of this seems more like “implementation” principles within minimum standards impact.
	
	X

	
	Samsung
	· Agree to RAN3 conclusion
	
	X

	
	Ericsson
	· Agree with RAN3 conclusion
	
	X

	
	Telecom Italia
	· It does not guarantee the PCI confusion resolution.

	
	X

	
	InterDigital
	· This solution is based on how the deployment phase is performed but it has to be determined how the network can get the fingerprint/location of HNBs added after the deployment phase.
	
	

	
	NOKIA, NSN
	· Agree with RAN3


	
	X

	
	Vodafone
	· Does not seem feasible for hybrid cells

· Requires database to store finger print information for each PSC and CSG /CGI association

· If UE has to identify CSG id of target cell, might as well go for A1as it involves same effort in reading system information
	
	X

	
	Huawei
	· Agree with RAN3 conclusion
	
	X

	
	NEC
	· Agree with RAN3 
	
	X

	
	T-Mobile
	· 
	
	X

	
	
	· 
	
	


Complexity
Includes: Complexity of implementation on either UE or Network side
	Soln
	Source
	Comments and Opinions  
Please enter comments and company opinions by adding a separate row and using change marks. 
	Acceptable
	Not Acceptable

	A-1
	Qualcomm
	· UE change needed to extend P-CCPCH reading to MIB and SIB3/4 (beyond just reading SFN)
	
	

	
	Airvana
	· 
	X
	

	
	Samsung
	· 
	X
	

	
	Ericsson
	· 
	X
	

	
	InterDigital
	
	X
	

	
	NOKIA, NSN
	· interference is the main issue- in case CSG cell interferes on macro cell causing RLF before handover evaluation can be completed + handover message issued. Also need to consider other factors such as e.g. relaxed frequency error requirements of HNB over a macro cell (may impact time available for SIB reception, before RLF occurs)
	?
	

	
	Vodafone
	· Might need UE to have a quick way of recovering from RLF
	X
	

	
	Huawei
	· 
	X
	

	
	NEC
	· 
	X
	

	
	T-Mobile
	· 
	X
	

	A-2
	Qualcomm
	· UE change needed to support larger gaps, avoid RLF

· Packet loss avoidance/recovery procedures may be needed.
	
	

	
	Airvana
	· 
	
	X

	
	NOKIA, NSN
	· unnecessary
	
	X

	
	Vodafone
	· 
	
	X

	
	NEC
	· 
	
	X

	
	LGE
	· support of longer gap may not be straightforward, as is easy for LTE.
	
	

	A-3
	Qualcomm
	· UE change for fingerprinting support. 

· Unclear how fingerprint is acquired.
	
	

	
	Airvana
	· 
	
	X

	
	Samsung
	· 
	
	X

	
	Ericsson
	· 
	
	X

	
	NOKIA, NSN
	· Implementation specific to assist UE however not a standalone solution.
	
	X

	
	Vodafone
	· 
	
	X

	
	NEC
	· 
	
	X

	B-1
	Qualcomm
	· ANR function doesn’t exist for UMTS. Impact on macro network, if ANR functionality is added

· Multiple targets may have to be prepared
	
	

	
	Airvana
	· 
	
	X

	
	Samsung
	· 
	
	X

	
	Ericsson
	· 
	
	X

	
	InterDigital
	· ANR functions are not part of the UMTS spec
	
	X

	
	NOKIA, NSN
	· 
	
	X

	
	Vodafone
	· 
	
	X

	
	Huawei
	· 
	
	X

	
	NEC
	· 
	
	X

	
	LGE
	· Not clear which kind of ANR is needed
· UE impact is minimal
	
	

	B-2
	Qualcomm
	· Network (HNB-GW or RNC?) needs to maintain association between timing difference and CGI/Cell Identity
	
	

	
	Samsung
	· 
	
	X

	
	
	· 
	
	

	
	Ericsson
	· 
	
	X

	
	NOKIA, NSN
	· 
	
	X

	
	Vodafone
	· 
	
	X

	
	Huawei
	· 
	
	X

	
	NEC
	· 
	
	X

	
	LGE
	· ANR required for maintaining timing differences of neighbors
· UE should acquire timing difference at HO evaluation
	
	

	B-3
	Qualcomm
	· Additional network messaging needed to complete handover.
· HNB needs to transmit additional pilot
	
	

	
	
	· 
	
	

	
	Ericsson
	· 
	
	X

	
	InterDigital
	· 
	
	

	
	NOKIA, NSN
	· Transmission of additional physical channel increases interference, affects total power in CSG cell, and affects coverage.
	
	X

	
	Vodafone
	· 
	
	X

	
	Huawei
	· Not part of scope of email discussion
	
	X

	
	NEC
	· 
	
	X

	
	LGE
	· Occurrences of several HO evaluations for several UE lead to several transmissions of secondary PSC? Not sure how it exactly works.
	
	

	B-4
	Qualcomm
	· Network (HNB-GW or RNC?) needs to maintain association between fingerprint and CGI/Cell Identity
	
	

	
	Airvana
	· 
	
	X

	
	Samsung
	· 
	
	X

	
	Ericsson
	· 
	
	X

	
	InterDigital
	· HNB would need a receiver
	
	

	
	NOKIA, NSN
	· RAN3 have analysed.
	
	X

	
	Vodafone
	· 
	
	X

	
	Huawei
	· 
	
	X

	
	NEC
	· 
	
	X


Other:
Aspects not covered above or any other comments
	Soln
	Source
	Comments and Opinions  
Please enter comments and company opinions by adding a separate row and using change marks. 
	Acceptable
	Not Acceptable

	A-1
	
	· 
	
	

	A-2
	
	·  
	
	

	A-3
	
	· 
	
	

	B-1
	
	· 
	
	

	B-2
	
	· 
	
	

	B-3
	Qualcomm
	· Interference concerns need to be addressed
	
	

	B-4
	
	· 
	
	


5 Comparison between Proposed Solutions for Inter-frequency

Each sub-section below compares proposed solutions on a different aspect. 
Handover Performace

Includes: Impact on voice quality, chances of radio link failure or call drops, significant delay
	Soln
	Source
	Comments and Opinions  
Please enter comments and company opinions by adding a separate row and using change marks.
	Acceptable
	Not Acceptable

	C-1
	Qualcomm
	Mesurements can result in loss of data and impact connection to source RNC 
	
	

	
	Samsung
	· May work but Service quality can be degraded.
	X
	

	
	
	· 
	
	

	
	Ericsson
	· A solution with predictable and uniform behavior across UE implementations is required.
	
	X

	
	Telecom 
Italia
	· 
	
	X


	
	InterDigital
	· Existing channel and service quality would be impacted unless the reading of the SIBs in the other frequency are only taken during idle times
	
	

	
	NOKIA, NSN
	· Service degradation due to unsynchronized and unpredictable UE behaviour. 
	
	X

	
	Vodafone
	· Knowledge of the timing of SIB3/4 once UE has acquired MIB and SB1/2 might alleviate the problem
	X
	

	
	Huawei
	· We want a predicatable performance
	
	X

	
	NEC
	· UMTS inter frequency measurements are performed during gaps so same principle should be carried forward
	
	X

	
	LGE
	· Acceptable
· Packet loss may be possible. Some means to minimize such possible packet loss could be considered
	
	

	
	T-Mobile
	· Service degradation is not acceptable
	
	X

	
	
	· 
	
	

	C-2
	Qualcomm
	· Same as A-2
	
	

	
	Airvana
	· 
	
	X

	
	Ericsson
	· Measurement gaps, and trigger for gap assignment FFS
	X
	

	
	Telecom Italia
	· Acceptable if C-5 solution is not feasible.
	X
	

	
	InterDigital
	· C2 is preferred over C1 since it reuses the existing gap concept of UMTS. In addition to MIB and SIB3/4,  Scheduling Block 1 might also have to be acquired, so longer gap might be required
	
	

	
	NOKIA, NSN
	· Most reasonable approach in case of PSC confusion, while minimizing gap in service. However a gap in service is likely. Procedure should be avoided when there is no PSC confusion (same as A-1 ) + therefore should not be a pre-requisite to handover if avoidable.
	?
	

	
	Vodafone
	· May work if UE takes into account timing of SIB3/4 from target Based on information on MIB and SB1/2
	X
	

	
	Huawei
	· Most reasonable approach
	X
	

	
	NEC
	· Reasonable approach 
	X
	

	
	LGE
	· Doubtful if the longer gap assignment than what is currently allowed, i.e., 14 slots, is straightforward 
	
	

	
	T-Mobile
	· This approach is preferred over C1. Frequent gap request or Long measurement gaps may decrease the performance of service.

· Using C3 in combination with C2 would  minimize the number of gap requests for UEs who are member of CSG and having fingerprint information
	X
	

	C-3
	Qualcomm
	· Same as A-3
	
	

	
	Airvana
	· 
	
	X

	
	Samsung
	· Has same problem as A-3
	
	X

	
	Ericsson
	· Not a complete solution
	
	X

	
	Telecom Italia
	· Same as A-3
	
	X

	
	InterDigital
	· Could be used for improving C2 solution and reducing the frequency of measurements and the need for gaps.
	
	

	
	NOKIA, NSN
	· As per A-3
	
	X

	
	Vodafone
	· Same as A-3
	
	X

	
	Huawei
	· 
	
	X

	
	NEC
	· 
	
	X

	
	LGE
	· Same as A-3
	
	

	
	T-Mobile
	· Fully agree with InterDigital (not as stand-alone)
	(X)
	

	C-4
	Qualcomm
	· Same as A-1

· allows inter-frequency handovers for legacy UEs for which an intra-frequency solution exists.
	
	

	
	Airvana
	· Need to study the duty cycle requirement (or is this always on?) 
· Interference issues needs to be studied. 

· 2nd Transmitter needed (?) or is it pulsed?
	X
	

	
	Samsung
	· Low power and low duty-cycle transmission can minimize interference.
· The SIB/MIB transmission on macro serving frequency can be TDMed with transmission on HNB layer.
	X
	

	
	Telecom Italia
	· Interference issues and coverage holes should be analysed.
	
	

	
	InterDigital
	· Increase of interference in the system would need to be managed.

· Impact on legacy UEs has to be studied (e.g. possible increase in measurements from legacy UEs could result)
	
	

	
	NOKIA, NSN
	· Transmission of additional physical channels necessary for UE to read SIBs introduces the interference issues to the macro layer seen with shared frequency deployment + therefore dedicated CSG frequency deployment loses all benefits.

	
	X

	
	Vodafone
	· On the RF level, the need for UE to transmit on two frequencies will increase complexity and add to the cost of the equipment
	
	X

	
	Huawei
	· Interference has to be studied
	X
	

	
	NEC
	· Agree with the interference issue.
	
	

	
	LGE
	· Uncoordinated interference from target HNB to source frequency is caused. Dense HNB deployment would mean a ubiquitous interference to macro. Hopefully, macro layer needs to remain clean as much as possible since its importance is also macro.
	
	

	
	T-Mobile
	· This solution have merits and may work. We prefer to investigate potential interference issues towards the macro layer. 
	X
	

	C-5
	Qualcomm
	· Smaller gaps required. Thus, no interruptions due to large gaps.


	
	

	
	Airvana
	· 
	X
	

	
	Samsung
	· Can be used as an Optimization on top of C-4 as well
	X
	

	
	Telecom Italia
	· Acceptable for the performance point of view, but the solution needs more details.
	X
	

	
	NOKIA, NSN
	· Transmission of additional physical channels introduces interference, affects total power output and power consumption of CSG cell + could affect coverage. Should first consider scheduling SIB3 more regularly using existing mechanisms.
	
	X

	
	Vodafone
	 -Increases signalling overhead. Redundant SI need to be  broadcast 
· -Need to have new channel
	
	X

	
	Huawei
	Smaller gaps are required therefore resolves performance problems. Unsure of interference concerns see Nokia
	X
	

	
	NEC
	· Acceptable if C2 with SIB3 scheduling more frequently is not feasible.
	
	

	
	LGE
	· Can be considered when carrying over SIB3 is not possible. This solution can be applied with C-1 as well.
	
	

	
	T-Mobile
	· This can be an optimization of C4 
	(X)
	

	D-1
	Qualcomm
	· Same as B-1
	
	

	
	Airvana
	· 
	
	X

	
	Samsung
	· 
	
	X

	
	Ericsson
	· 
	
	X

	
	InterDigital
	· Same as B-1
	
	

	
	NOKIA, NSN
	· 
	
	X

	
	Vodafone
	· 
	
	X

	
	Huawei
	· Out of scope of email discussion
	
	X

	
	NEC
	· 
	
	X

	
	LGE
	· Same as B-1
	
	

	
	T-Mobile
	· 
	
	X

	D-2
	Qualcomm
	· Same as B-3
	
	

	
	Airvana
	· Need to understand duty cycle requirements
· Interference issues need to be studied
	
	

	
	Samsung
	· The detail is not clear
	
	

	
	Ericsson
	· 
	
	X

	
	InterDigital
	· Same as B-3
	
	

	
	NOKIA, NSN
	· 
	
	X

	
	Vodafone
	· 
	
	X

	
	Huawei
	· Out of scope of email discussion
	
	X

	
	NEC
	· 
	
	X

	
	LGE
	· Same as B-2
	
	

	
	T-Mobile
	· 
	
	X

	D-3
	Qualcomm
	· Same as B-4
	
	

	
	Airvana
	· 
	
	X

	
	Samsung
	· 
	
	X

	
	Ericsson
	· 
	
	X

	
	InterDigital
	· Same as B-4
	
	

	
	NOKIA, NSN
	· 
	
	X

	
	Vodafone
	· 
	
	X

	
	Huawei
	· Out of scope of email discussion
	
	X

	
	NEC
	· 
	
	X

	
	T-Mobile
	· 
	
	X

	E-1
	Qualcomm
	· No additional gaps required. Thus, no interruptions due to large gaps.

· 
	
	

	
	Samsung
	· 
	
	X

	
	
	· 
	
	

	
	Ericsson
	· 
	
	X

	
	NOKIA, NSN
	· Solution as described not acceptable  however is applied as already defined in UTRA, without “conditional handover” command + without preparation of target cell. 

· Cell Update procedure needs to be supported anyway in case of RLF, especially in intra-freq case. In the case HO fails due to RLF, then this solution is applied. No changes to standards necessary, procedure exists today
	
	X

	
	Vodafone
	· Might be acceptable with some modifications
	X
	

	
	Huawei
	· 
	
	X

	
	NEC
	· 
	
	X


	
	LGE
	· When it comes to this ‘on-demand’ preparation procedure, we, as a UE vendor, don’t have strong view. Not sure how target cell unequivocally identify the source cell when performing context fetch. 
	
	X

	
	T-Mobile
	· 
	
	X


Complexity
Includes: Complexity of implementation on either UE or Network side
	Soln
	Source
	Comments and Opinions  
Please enter comments and company opinions by adding a separate row and using change marks. 
	Acceptable
	Not Acceptable

	C-1
	Qualcomm
	· UE change needed to read additional parameters during idle periods or during normal data transmission (impact in standards?).
· Any network change to pre-emptively cope with potential loss of data when UE tunes away to read CGI and CSG parameters?
	
	

	
	Samsung
	· 
	X
	

	
	NOKIA, NSN
	· 
	
	X

	
	Vodafone
	· 
	X
	

	
	HuaWei
	· Suggesting UE to read SI with DRX? Not sure if the performance could be meet, or suggesting to release the handover performance, Should ask RAN4 to evaluate.
	
	

	
	NEC
	· 
	
	X

	
	T-Mobile
	· 
	
	X

	C-2
	Qualcomm
	· Same as A-2
	
	

	
	Airvana
	· 
	
	X

	
	Ericsson
	· 
	X
	

	
	NOKIA, NSN
	· Requires mechanism to determine when to assign gap(s) for acquiring system information on target cell. Required synchronization between NW and UE on source cell. 
	?
	

	
	Vodafone
	· Might be acceptable with knowledge of timing of SIB3 based on information in MIB SB1/2
	X
	

	
	HuaWei
	· Is gap assigned upon UE request, how the request is triggered, by fingerprint info? Or, as Nokia/NSN pointed, mechanism needed for macro to assign gap(s).
	
	

	
	NEC
	· Mechanism to assign gaps is FFS
	X
	

	
	T-Mobile
	· 
	X
	

	C-3
	Qualcomm
	· Same as A-3
	
	

	
	Airvana
	· 
	
	X

	
	Samsung
	· 
	
	X

	
	NOKIA, NSN
	· As per A-3.
	
	X

	
	Vodafone
	· 
	
	X

	
	 NEC
	· 
	
	X

	
	T-Mobile
	· 
	(X)
	

	C-4
	
	· HNB needs to transmit additional pilot

· additional comments same as A-1
	
	

	
	Airvana
	· 
	X
	

	
	Samsung
	· 
	X
	

	
	Ericsson
	· May be acceptable if possible to mandate HNB to transmit on macro carriers, but doubtful if that assumption is accepted (HNB may use different frequency band or RAT compared to macro)"
	
	

	
	NOKIA, NSN
	· How does CSG cell know what macro frequency to transmit on – or should it support up to X frequencies?

· What happens in inter-band case?

· What happens in inter-RAT case?

· Causes interference on macro layer.


	
	X

	
	Vodafone
	· 
	
	X

	
	HuaWei
	· Share the same concern that if hNB is operating in another RAT, and, shall the macro transmit the hNB SI on all the possible macro frequencies? ( assuming that macro layer has more than one frequency)
	
	

	
	LGE
	· Solution is generating another interference issues. The seriousness of the interference is proportional to the density of HNB deployment. 
	
	X

	
	T-Mobile
	· 
	X
	

	C-5
	
	· HNB change needed to transmit cell id on the new (yet-to-be defined) channel

· UE change needed to receive cell id on the new (yet-to-be defined) channel
	
	

	
	Airvana
	· 
	X
	

	
	Samsung
	· 
	X
	

	
	NOKIA, NSN
	· Should first consider scheduling SIB3 more regularly on existing channels. 

· Adding new physical channels affects power output of CSG cell.
	
	X

	
	Vodafone
	· 
	
	X

	
	LGE
	· Maybe a good try with no serious problem if power issue raised by NOKIA, NSN is not serious. 
· Can be considered if solution with SIB3 cannot be  working
	
	X

	
	T-Mobile
	· 
	
	X

	D-1
	Qualcomm
	· Same as B-1
	
	

	
	Airvana
	· 
	
	X

	
	Samsung
	· 
	
	X

	
	NOKIA, NSN
	· 
	
	X

	
	Vodafone
	· 
	
	X

	
	T-Mobile
	· 
	
	X

	D-2
	Qualcomm
	· Same as B-3
	
	

	
	
	· 
	
	

	
	NOKIA, NSN
	· 
	
	X

	
	Vodafone
	· 
	
	X

	
	T-Mobile
	· 
	
	X

	D-3
	Qualcomm
	· Same as B-4
	
	

	
	Airvana
	· 
	
	X

	
	Samsung
	· 
	
	X

	
	Vodafone
	· 
	
	X

	
	T-Mobile
	· 
	
	X

	E-1
	Qualcomm
	· Multiple cells may have to be prepared, but multi-cell preparation is not required (context fetch by the HNB from the SRNC is, however, necessary).

· UE may need change to process conditional handover command.

· Network message needed for SRNS context fetch from potentially unprepared target cell.

· For  conditional handover, a CELL_UPDATE(-like) enhancement in CELL_DCH is possible. 
· Target cell id can be identified by the UE from SI before performing handover to the target (if access permission is determined).
· Architectural simplification: method can eliminate need for Macro Network to communicate with the target HNB via RANAP Relocation procedures (context fetch directly from CN)
	
	

	
	Samsung
	· 
	
	X

	
	
	· 
	
	

	
	Ericsson
	· 
	
	X

	
	NOKIA, NSN
	· Use existing RLF procedure when needed. 
	
	X

	
	Vodafone
	· The need to prepare multiple cells is a drawback. Assuming most of the time UE can acquire the relevant system information and identify target, it might not be necessary to do the multi-cell preparation. If RLF happens before target is prepared then target should recover from RLF.
	X (with some modification)
	

	
	T-Mobile
	· Complex solution assuming PSC confusion is not solved by other methods and network still needs to cope with PSC confusion
	
	X


Other:
Aspects not covered above or any other comments
	Soln
	Source
	Comments and Opinions  
Please enter comments and company opinions by adding a separate row and using change marks.
	Acceptable
	Not Acceptable

	C-1
	
	· 
	
	

	C-2
	
	·  
	
	

	C-3
	
	· 
	
	

	C-4
	Qualcomm
	· Interference concerns need to be addresed
	
	

	C-5
	
	· 
	
	

	D-1
	
	· 
	
	

	D-2
	Qualcomm
	· Interference concerns need to be addresed
	
	

	D-3
	
	· 
	
	

	E-1
	
	· 
	
	


6 Convergence on Solutions/Way Forward
Question 1: For R9 UEs, should this email discussion focus on UE based solutions and assume that the network based solutions are not preferable?
	Company
	Opinion

	Telecom Italia
	Yes 

	Qualcomm
	Yes

	InterDigital
	Yes

	NOKIA, NSN
	If there are any suggestions that any NW procedure can help then they should not be ignored or excluded however it is clear that the NW solutions listed here are not preferable from comments so far.

	Ericsson
	Yes

	ALU
	Yes

	Vodafone
	Yes

	NEC
	Yes

	LGE
	Yes

	Airwana
	Yes

	T-Mobile
	Yes


Question 2: For intra-frequency case, is Solution A1 the most preferred solution and should be considered / analyzed first?
	Company
	Opinion

	Telecom Italia
	Yes

	Qualcomm
	Yes

	InterDigital
	Yes

	NOKIA, NSN
	Normal handover when no PSC confusion exists or probability is low should also be considered

	Ericsson
	Yes

	ALU
	Yes, it may also be worth considering whether UE is required to read SIB3 in cell-DCH if it already has the stored cell Id (from fingerprint information) for the cell.

	Vodafone
	Yes but we have to assume there are scenarios where the network is not PSC confused and hence there is no need for UE to read the system information. Hence, UE should not be mandated to always acquire the system information unless the network makes an explicit request for it. It might be worth considering a quick way to recover from RLF along with this solution as the chances of RLF are increased due to the long time to acquire system information

	NEC
	Yes

	LGE
	Yes. Possible packet loss might need to be relieved by some means. 

	Airwana
	Yes

	T-Mobile
	Yes, we prefer to consider using A1 in combination with A3 to improve HO performance.


7 Summary/Conclusions
In this email discussion, majority of the companies agree that for R9 UEs, the UE based solutions (i.e., the solutions where the UE provides cell identity in the measurement report) are preferable to network based solutions proposed so far. So, as the way forward, it is prosposed that the further RAN2 discussion should focus on UE based solutions. Note that this doesn’t exclude the possibility of any assistance from the network that can help a UE based solution. Also, along with UE based solutions, it is proposed that Solution E1, listed as neither UE-based nor Network-based solution in this document, should also be considered in the further RAN2 discussion since it has support from some companies.
For the intra-frequency handover case, most of the companies consider Solution A1 listed in the discussion document (where no measurement gaps are required to read the cell identity of the target HNB) to be the most preferable one and the one that should be considered/analyzed first. The following suggestions were made for its study/standardization:

· The requirement for the UE to read MIB & SIBs in CELL_DCH from BCCH should be specified

· The possibility of sending SIB3/4 faster or more frequently from the HNB should be considered

· If long time is required to read the information from SIB3/4, the possibility of RLF due to the interference from the CSG cell should be considered

For the case of inter-frequency handovers, the solutions below were found acceptable by at least some companies, with the concerns listed below:

	Solution
	Concerns/Notes
	Support

	C-1 (opportunistic cell-id/CSG info reading from BCCH)
	- Service quality degradation from unsynchronized and unpredictable UE behaviour

-  Impact on service quality from potential  frame erasures

- Does not follow the traditional way of performing inter-frequency measurements via gaps.

- Knowledge of SIB3/4 timing (once UE has acquired MIB, SB1/2) might alleviate the problem
	Samsung, Vodafone, LGE

	C-2 (measurement gaps assigned for reading cell-id/CSG info from BCCH)
	- Measurement gap (size?) is FFS

- Trigger for gap assignment is unclear/FFS

- Large gaps could impact voice quality and cause RLF; doubtful is possible.
- Reuses the existing gap concept of UMTS. Gaps may have to take into account SB  in addition to MIB, SIB3/4.

- However a gap in service is likely.

- Listed as “most reasonable” by some participants

- Might be acceptable if UE takes into account  SIB3/4 timing (once UE has acquired MIB, SB1/2) as it might alleviate the problem
	Ericsson, Telecom Italia, Nokia, NSN,Vodafone, Huawei, NEC

	C-4 (additional BCCH broadcast in macro frequency)


	- Need to study the duty cycle requirement

- Interference issue needs to be studied; concerns that dedicated frequency advantage would be anulled; concerns about dense HNB deployments.
- 2nd transmitter needed?
- Low power and low duty-cycle transmission can minimize interference
- Impact on legacy UEs has to be studied (e.g. possible increase in measurements from legacy UEs could result)

- Concerns (about ?) if target HNB is on a different band.

- If solution was used also for different RAT, there would be (complexity ?) concerns.

- Shall the macro transmit the HNB SI on all the possible macro frequencies?
- The SIB/MIB transmission on macro serving frequency can be TDMed with transmission on HNB layer
	Samsung, Airvana, Qualcomm

	C-5 (cell-id/CSG info reading from channel with shorter TTI)
	- Transmission of additional physical channels introduces interference, affects total power output and power consumption of CSG cell + could affect coverage

- Redundant SI need to be  broadcast
- More details needed.

- New channel can be used with C-4 and C-1 as well.

- Smaller gaps are required therefore resolves performance problems

- Should consider scheduling SIB3 more regularly on existing channels.
	Airvana, Samsung, Telecom Italia, Huawei, NEC (prefers C-2), LGE (prefers C-1)

	E-1 (conditional handover)
	- Solution is already defined in UTRA, without “conditional handover” command + without preparation of target cell.

- Not sure how target cell unequivocally identify the source cell when performing context fetch.
- Multiple cells should not be prepared.
- If RLF happens before target HNB is prepared, then target HNB should recover from RLF.
- Multicell preparation not required for the solution

- For conditional hand-over a CELL_UPDATE(-like) enhancement in CELL_DCH is possible. 
- Context fetch is necessary and thus avoid multicell preparation

- Target cell id can be identified by the UE from SI before performing handover to the target (if access permission is determined).

- Architectural simplification: method can eliminate need for Macro Network to communicate with the target HNB via RANAP Relocation procedures (context fetch directly from CN)
	Qualcomm, Vodafone (conditional on no multi-cell preparation)


Fingerprinting (C-3) was seen as a non-viable stand-alone solution, although it was seen as a possible optimization by many companies, for implementation purposes. 

It is important to note that, in case there is confidence that no PSC confusion exist (for example, in planned CSG deployment or possible initial deployments), then there is no need to perform any procedure other than normal macro to macro handover procedures. However, PSC confusion is likely to exist in moderate to high density unplanned HNB deployment and thus, solution for it needs to be standardized in R9. 
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