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1
Introduction
During the RAN3 68 meeting four potential solutions were identified for the HNB GW based optimised HNB to HNB mobility. All the identified solutions presented certain issues which were left open for further discussion. This contribution analyses the pros and cons of all the four identified solutions and also addresses open issues identified during the release-9 for the HNB GW based mobility solution and during the last RAN3 meeting so that RAN3 can choose the most reasonable solution.
2 Discussion
2.1 Comparative Study for four identified solutions
Following are the four different solutions for the HNB GW based optimised HNB to HNB mobility identified during the previous RAN#3 meeting. 
Solution 1: use the existing RANAP based SRNS relocation procedures. This solution uses the existing RANAP based SRNS relocation procedures. The HNB to HNB mobility is transparent to the CN (both control plane signalling and user plane switching). The HNB GW initiates and terminates some of the RANAP messages (e.g. RANAP RELOCATION REQUIRED and RANAP RELOCATION REQUEST message). To this end, the HNB GW needs to store the UE specific information (RAB parameters and security parameters). It is important to note that HNB-GW already needs to store certain RAB parameters in order to perform remapping of TNL UP. Also, the storage needed for RAB parameters for a RAB is about 700 Bytes, so even 10K simultaneously active RABs would only need a table size of about 7 MB.
This solution does not have impacts to HNB. Also, the same (already specified) RANAP SRNS relocation procedures are used for HNB to HNB mobility, inbound mobility and outbound mobility. It must be noted that this solution does not require any  stage-3 level changes. Only stage-2 description is needed in order to specify the functionalities that need to be performed by the HNB GW.  Thus, even  release-9 HNBs will be able to support the Intra HNB GW mobility functions. 
Solution 2: Source HNB to provide HNB GW with all necessary parameters to construct relocation-related messages: In this solution the HNB GW gets the additional UE specific information for UE being relocated from the SHNB. The HNB shall always (do not need to differentiate between the Intra HNB GW with other mobility scenarios) provide the UE specific information within a RUA message. As RUA protocol is terminated in the HNB GW, if the mobility is Intra HNB GW, the HNB GW will use this information from the Source HNB. Otherwise this information will be ignored by the HNB GW. This solution requires changes to IuUP protocol. It is also important to note that this solution only preserves the HNB-GW from storing of RAB parameters needed for HNB to HNB relocation procedure. For UP TNL remapping purposes, the HNB-GW will still have to fetch and store some RAB parameters. 
Solution 3: Relocation-related information exchange between source and target HNBs transparently to the HNB GW: This solution proposes a new mechanism to realise the HNB GW based mobility solution different from the mechanism used for the in/outbound mobility (RANAP based relocation). The mechanism relies on transferring needed information from source HNB to target HNB without HNB-GW involvement or providing this information to the HNB-GW only at the point in time (using the HNBAP protocol) when it is needed. Effectively, the HNB needs to have intelligence whether the target for mobility is Intra HNB GW node or Macro node. 
With this solution the complexity of HNB GW has been shifted towards HNBs making HNB a more complex node. Since a large number of HNBs can be deployed in a network, it follows that the number of upgrades required by this solution would be significant. Also, the IoT burden on operators becomes very large due to existence of many HNB vendors as opposite to the alternative solution where only the HNB GW needs to be upgraded. In this solution it is not clear how the Source HNB will know the UL UP TNL information. Also, it is not clear how the HNB-GW will learn the Target HNB DL UP TNL information and when the path switching will be performed.
Solution 4: Source sends both RANAP RELOCATION REQUIRED and RANAP RELOCATION REQUEST messages to HNB GW during the relocation initiation. In this solution the source HNB sends RUA DIRECT TRANSFER message with RANAP RELOCATION REQUIRED and RANAP RELOCATION REQUEST message (normally encoded by the CN). With this method, the HNB GW does not need to save the UE specific information needed for relocation and also the HNB GW does not need to encode RANAP relocation messages. Based on whether the relocation is Intra HNB-GW HNB to HNB relocation or outbound mobility, the HNB-GW will forward RANAP RELOCATION REQUEST message to the target RAN node. In this solution it is not clear how the Source HNB will know the UL UP TNL information. Also, it is not clear how the HNB-GW will learn the Target HNB DL UP TNL information and when the path switching will be performed. As in the solution 3, the upgrade of the already deployed HNBs is necessary as compared to the solution 1 where only HNB-GW needs to be updated.
Comparison of the possible solutions:
Table 1 Comparison of the possible solutions
	
	Solution 1 (RANAP based )
	Solution 2 (RANAP based + RUA for UE information exchange  
	Solution 3
HNBAP based solution
	Solution 4
RANAP based with source additionally including Rel Req

	Stage 3 Specification impact
	 No stage-3 impacts
NO
	Stage-3 impact keeping the basic architecture intact
IuUP protocol is impacted

Significant
	Stage-3 impact. Altogether new mechanism
Significant
	Stage-3 impact keeping the basic architecture intact
IuUP protocol is impacted

Significant

	Stage-2 Specification impact
	Minor
	Minor
	Minor
	Minor

	HNB Impact
	Even Release-9 HNB will able to support this functionality

NO
	Significant
	Significant
	Significant

	HNB GW Impact

	Needs to terminate some RANAP procedures
Needs to store UE specific information needed for relocation
Minor
	Needs to terminate some RANAP procedures

Minor
	Need to route the Handover message towards the appropriate target HNB
Minor
	Needs to terminate some RANAP procedures

Minor


	RANAP Protocol
	NO
	NO
	NO
	NO

	HNBAP Protocol
	NO
	NO
	Significant
	NO

	RUA Protocol
	NO
	Minor
	NO
	Minor

	Consistency with other mobility procedures
	Same handling for all the mobility scenarios. HNB GW has the intelligence to distinguish between (intra GW mobility vs other mobility scnearios) 

NO
	Same handling for both cases at the source HNB. HNB GW has the intelligence to distinguish between two scenarios (outbound mobility vs intra GW mobility)

Target HNB needs to distinguish between HNB to HNB mobility and other mobility procedures 
Minor
	Different handling at the source and target HNB for outbound and inbound  mobility vs intra GW mobility
Significant
	Same handling for both cases. HNB GW has to intelligence to distinguish between two scenario (outbound mobility vs intra GW mobility)
Minor

	IoT Effort
	Minor
	Minor
	The solution is mainly impacting the HNBs.
Significant
	Minor

	Summary of impacts based on above nine evaluation criteria
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Proposal 1: While evaluating the possible solutions, factors such as HNB impacts, HNB GW impact, IoT issues, standardisation efforts etc. must be considered. 
2.2 Addressing the outstanding issues from release-9
During release-9, some of the issues were identified for the HNB GW based solutions which led to shifting the HNB GW based solution to release-10. Therefore, it is necessary to evaluate how all these issues are addressed by the four candidate solutions.
It must be noted that above functions such as Iu UP initialization (TR 25.931 section 7.11.1.2.2, step 15) or Location Reporting (TS 23.060 Section 12.7.5) are necessarily re-initiated during the SRNS Relocation (or even enhanced relocation) .
According to our understanding there are two options to handle these functions:

Option A. Always terminate these functionalities in the HNB GW

Option B. Involve CN node with each mobility procedure. For example, it could be  necessary to sent appropriate message similar to Enhanced Relocation Complete Request/ Response in order to inform the inform MSC/SGSN.
Option B as mentioned above clearly requires huge signaling overhead on the CN due to frequent HNB to HNB mobility and defeats the benefits of the Intra HNB GW mobility where the main motivation is to reduce the CN signaling.
It can be assumed that for solution 1, 2, and 4 these functionalities will be anchored by the HNB GW (Option A). Regarding Solution 3 (that inherits the method of enhanced relocation), it is not clear how it addresses these (outstanding) issues.. 
Table 2 Comparison of the possible solutions for outstanding issues
	
	Solution 1 (RANAP based)
	Solution 2 (RANAP based + RUA for UE information exchange  
	Solution 3

HNBAP based
	Solution 4

RANAP based with source additionally including Rel Req

	Iu UP protocol 
	 Iu UP terminated in HNB, HNB GW and CN

No impacts to the Iu UP protocol
	Iu UP terminated in the HNB and CN

Impacts to the Iu UP protocol
	It is unclear from the existing proposal [4]
	Iu UP terminated in the HNB, HNB GW and CN

No impacts to the Iu UP protocol

	Location Reporting
	Location Reporting shall be anchored by the HNB GW
	Location Reporting shall be anchored by the HNB GW
	It is unclear from the existing proposal [4]
	Location Reporting shall be anchored by the HNB GW

	Data Volume Reporting
	Data Volume Reporting is anchored by the HNB GW
	Data Volume Reporting is anchored by the HNB GW
	It is unclear from the existing proposal [4]
	Data Volume Reporting is anchored by the HNB GW


Proposal 2: While evaluating the possible solutions, how each candidate solution addresses the outstanding issues (from release-9) shall be considered.
2.3 Open issues from RAN3#68 for all four solutions

ISSUE1: How solutions address CELL_FACH?

In the current macro RAN architecture, when a UE in the CELL FACH state moves to different cell, 
1. Target CRNC forwards the received CELL UPDATE message (on CCCH) via RNSAP Uplink Signalling Transfer Indication towards the SRNC. 
2. Upon reception of this message the SRNC decides to perform the SRNS Relocation towards the target RNC. 
Step 2 above will be exactly the same as in the CELL DCH case for all the solutions. On the other hand, a new mechanism is needed for Step -1. The CRNC (HNB) needs to send the same information as Uplink Signalling Transfer Indication towards the SRNC (HNB) using the Iuh interface (either via HNBAP or RUA protocols). According to our understanding, the impact for Step 2 will be the same for any of the four solutions. Also, since the time to complete the GW based solution is limited (RAN Plenary#49), it would be reasonable to keep main focus on the CELL DCH state until RAN Plenary 49 (2010/Sept).
Proposal 3: For the HNB GW based solution, keep the main focus on addressing mobility in CELL DCH until RAN Plenary 49.

ISSUE2: Does the target need to send a path switch message to the upper node at every relocation?

The upper needs to know to be involved in the path switching mechanism (the transport bearer towards the source needs to be released and target needs to be established). In case intra HNB GW, there is no need to involve CN for path switching mechanism. For the CN, this would be mean, intra RNC relocation which is not supported according to the current specification.
Proposal 4: For the HNB GW based mobility solutions, a path switch message towards the MSC/SGSN is not needed.
3
Conclusion

Form the above discussion, it is proposed to.
Proposal 1: While evaluating the possible solutions, factors such as HNB impacts, HNB GW impact, IoT issues, standardisation efforts etc. shall be considered.
Proposal 2: While evaluating the possible solutions, how each candidate solution addresses the outstanding issues (from release-9) shall be considered.
Proposal 3: For the HNB GW based solution, keep the main focus on addressing mobility in CELL DCH until RAN Plenary 49.

Proposal 4: For the HNB GW based mobility solutions, a path switch message towards the MSC/SGSN is not needed. 
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