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1
Introduction
The optimized HeNB-HeNB mobility via X2 has been designed in release 10 to work both intra-GW and inter-GW.

However the solution has one drawback: in case of inter-GW handover, it requires to release the context in the source HeNB GW, as clarified at RAN3#73 [1]. 
Since the source HeNB doesn’t know if the target HeNB connects to a different HeNB GW, the source HeNB sends the S1 UE Context Release Request message after every X2 handover to the source HeNB GW so that the source HeNB GW is made aware of the handover and determines if it needs to release its UE context. This leads to a huge signalling overhead considering the number of HeNBs and handovers under a HeNB GW.  

At RAN3#73, [2] presented a method to reduce this signalling overhead. It was agreed to consider this method as part of a release 11 optimization.
This paper analyses the method proposed in [2] together with other possible solutions and compare them.
2
Description
In release 10, the source HeNB sends the S1 UE Context Release Request message after every HeNB-HeNB X2 handover to the source HeNB GW so that the source HeNB GW is made aware of the handover and determines if it needs to release its UE context. This is captured in TS36.300 in section 4.6.2 as follows:
The HeNB GW relays UE-associated S1 application part messages between the MME serving the UE and the HeNB serving the UE, except the UE CONTEXT RELEASE REQUEST message received from the HeNB with an explicit GW Context Release Indication. In that case, the HeNB GW terminates the S1 UE Context Release Request procedure and releases the UE context if it determines that the UE identified by the received UE S1AP IDs is no longer served by an HeNB attached to it. Otherwise it ignores the message

Considering that the HeNB GW can connect to several tens thousands of HeNBs, the extra messaging constitutes a significant signalling overhead. This is all the more inefficient that in 99.9% of cases the source and target HeNBs actually connect to the same HeNB GW. Several solutions are investigated below to reduce this signalling in release 11.
2.1
Solution 1: Indication from the Target HeNB GW
Last meeting, the following solution has been presented in [2] and is illustrated below:
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Figure 1 Indication from the Target HeNB GW

In this solution the target HeNB GW checks if the incoming handover is originating from a different HeNB GW. If no, it includes a new Information Element (IE) “Same GW connection indication” in the S1 Path Switch Request Acknowledge message towards the target HeNB. This IE is propagated from the target HeNB to the source HeNB within the X2 UE Context Release message. When receiving the IE the source HeNB decides that it is not necessary to send the S1 UE Context Release Request message with the GW context release indication as it does in release 10.
2.2
Solution 2: Timer Release
This solution number 2 consists of never having the source HeNB triggering the UE Context Release Request message to the source HeNB GW and rely on an internal source HeNB GW timer to release its contexts. This solution completely removes the signalling overhead but keep hanging contexts in the source HeNB GW (see section 3).
2.3
Solution 3: Indication from Source HeNB GW
The solution 3 consists in introducing a new message from the source HeNB GW to the source HeNB to indicate the result of the source HeNB GW checking. The source HeNB may thus memorize after the first X2 handover that this particular target HeNB is attached or not to the same HeNB GW. If attached to the same HeNB GW, it will never trigger again the S1 UE Context Release Request message with the GW context release indication for all subsequent X2 handovers towards that target HeNB X. The solution 3 is illustrated below:
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 Figure 2 Indication from the Source HeNB GW
The solution 3 will drastically reduce the signalling because the source HeNB will only trigger the S1 UE Context Release Request with the GW context release indication to the source HeNB GW for the very first handover to a new target HeNB X. It will then stop for all subsequent handovers. 

For example, if a HeNB has 20 neighbour HeNBs, that HeNB will only trigger the S1 UE Context Release Request message 20 times in total, compared to ten thousand times in release 10.

3
Comparison of the solutions
The solution 1 looks attractive but has the following drawbacks:

· it introduces a new check in the target HeNB GW at every X2 handover
· it introduces also signalling overhead in the two messages: the Path Switch Request Acknowledge message and the X2 UE Context Release message.  
· This extra check and extra signalling happen again for each and every X2 HeNB-HeNB mobility and for all HeNBs which makes this solution not better than the current release 10 situation. Indeed the target HeNB GW has no means that determine that it has already checked handovers from the same pair of Source HeNB- Target HeNB in the past.
· Moreover the solution has a backwards compatibility problem since the source HeNB GW will continue to do the check when it receives an S1 UE Context Release Request message with GW context release indication even though the check has already been done by the target HeNB GW (duplication of checks).

The solution 2 has no standards impact but it has the following drawbacks:
· it keeps hanging contexts for all UEs that leaves the HeNB GW, that can be several hundreds of UEs,

· the value of any timer to release the UE contexts after some inactivity is very much unpredictable. It is possible that the UE doesn’t move out of the HeNB for hours in enterprise or home.
· As soon as some contexts are unduly removed, it drops calls and creates additional serious de-synchronization issues if the involved context ids are re-allocated. 

· this timer solution had been already analysed in release 10 and found not good enough, leading to the release 10 solution. From a logical perspective, if the timer solution was found worse than the release 10 solution despite its signalling overhead drawback, that timer solution is obviously even worse compared to the release 11 optimized solutions hereby discussed.
The solution 3 is as efficient as solution 1 but does not have the drawbacks listed for solution 1. The drawback of solution 3 is however the following:

· addition of a new S1 Indication message (or new IE in an existing message) to indicate the result of the source HeNB GW check to the source HeNB.
4
Conclusion and Proposal
This paper has analysed the signalling overhead issue introduced by the current release 10 HeNB-HeNB X2 handover solution and proposed 3 solutions. 

If the problem is agreed to be solved, then an indication from the source HeNB GW (solution 3) looks preferable compared to an indication from target HeNB GW (solution 1) or relying on a timer (solution 2).

An example stage 2 CR of solution 3 is given in R3-112571.

[1] R3-112226 Correction of Release Indication, RAN3#73, Alcatel-Lucent
[2] R3-112124 Optimization for UE Context Release in HeNB GW, RAN3#73, ZTE
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