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During the course of RAN3#76 a number of solutions were captured in TS37.803v1.2.0 [1] and the following was agreed and captured in [2]:
“Solution 2c is feasible without standardization changes if OTD signatures can be maintained up to date. Otherwise, handover failures may occur.
It is commonly acknowledged that there is a tradeoff between handover failure and solution complexity.”
In the agreement quoted above the last sentence captures the result of long offline discussions by which it was acknowledged that any solution proposed may be subject to failures and that it should be avoided to opt for substantially complex solutions in order to solve corner case failure scenarios.
During RAN3#77bis it was proposed to adopt Solution 2c (in [1]) as a possible implementation choice. Nevertheless, a number of companies argued that this solution is subject to failures and therefore Solution 1c shall be agreed and specified.
This paper explains that Solution 1c is technically prone to likely mobility failures, while Solution 2c minimises complexity and can deliver satisfactory handover performance.
Discussion
Suitability of Solution 2c
In [3] it is pointed out that Solution 2c is subject to failures due to the fact that the OTD signature between macro and target Open/Hybrid HNB cell are not guaranteed to be up to date. 
As a reminder, Solution 2c proposes to update the OTD signature between macro and HNB cell at every HNB to Macro handover.
It is the author’s understanding that the HNB deployments under analysis are dense (hence the likelihood of PSC confusion) and are for public access (hence focus on open and hybrid access modes). In such scenarios it is plausible to assume that the population of UEs handing over between macro and HNB cells is rather dense. 
Observation1: it seems unlikely that the OTD signature between Macro and HNB cells will drift to the point of not enabling target cell disambiguation, given that updates via HNB to Macro handovers are likely to happen frequently.
Consequently, in a dense HNB deployment scenario such as the one considered for PSC confusion, Solution 2c would be subject to a limited amount of failures.
Drawbacks of Solution 1c 
Proneness to failure
In [3] Solution 1c is presented as a solution that prevents mobility failures. This solution is based on a first disambiguation process that is identical to the process followed by Solution 2c. Namely, both solutions perform disambiguation by means of OTD, with Solution 1c performing disambiguation in the target HNB GW and Solution 2c performing disambiguation in the serving RNC. Therefore, with regard to disambiguation by means of OTD measurements the two solutions are equivalent, with Solution 2c respecting the currently adopted principle of selecting the handover target at serving RNS.
On top of OTD based disambiguation, Solution 1c claimed to ensure that no failures occur by means of UL detection of a UE in proximity of the potential target cell. The UL detection by the potential target HNB is done by means of received UL PSC and DPCCH Chip Offset. 
However, the methods proposed in Solution 1c represent a shift in the paradigm followed by UTRAN mobility and are subject to technical drawbacks that make it subject to failures. Below a list of drawbacks affecting Solution 1c under different aspects is provided. 
Some of the technical reasons making Solution 1c prone to failures are:
· Best Uplink Signal vs. Best Downlink Signal. 
The disambiguation process based on UL detection is mainly based on received UL SIR from the UE. However, we shall not forget that target cell selection for handover decisions has so far been based on DL channel quality. It cannot be stated that the cell receiving the best UL signal from the UE is also the best cell serving the UE in DL. 
For example, it is very likely that two different HNBs have different UL receivers with different gains and that the HNB receiving the worst SIR is indeed the HNB providing best DL signal to the UE. In addition, the “interference floor” may be extremely variable from HNB to HNB, due to different traffic conditions and different radio loss between UEs and HNB receivers at the point when HOs may be triggered.
Consequently, the UE may be handed over to the wrong cell and due to sub-optimal radio conditions it can be subject to failures or even cause failures to other UEs due to high UL interference. 
· The measurements reporting DPCCH Chip Offset with respect to target frame boundary may be obsolete by the time UL detection is performed. 
Namely, the measurements reported by the UE need to be forwarded from the UE to the HNB GW and from the HNB GW to the HNB. Given that there are no guarantees on the performance of the HNB backhaul it is possible that the measurements reach the HNB with considerable delay.
Consequently, if during such delay the UE has moved closer/further from the target HNB the Chip Offset would have been different from what originally reported. The latter may result in wrong UL detection and in mobility failures. 
· Unsuitability of additional procedure for OTD Neighbour Report. 
Solution 1c claims to maintain the OTD signature up to date by means of additional procedures to those adopted by Solution 2c (namely by means of an “OTD Neighbour Report” procedure triggered by the HNB whenever a new OTD is monitored between neighbour cell and own cell). However, it is not guaranteed that such update will be provided in time for the disambiguation to succeed. 
For example, an HNB, able to perform other cells measurements only when no UEs are served, may be able to provide such update on a very seldom basis.
Consequently, if the issue of OTD signature drifting is really considered predominant, it may cause mobility failures also with Solution 1c.
· Potential failure of Uplink detection on UEs using the same UL PSC. 
There are currently no requirements on the uniqueness of the UL PSC amongst UEs in proximity to the potential target HNBs. The latter is true especially in cases where the UEs in proximity of the target HNBs are served by different cells.
Consequently, UL detection on UEs using the same UL PSC may fail and lead to mobility failure.
· Lack of feasibility analysis by RAN1.
Currently no analysis on the feasibility of UE UL detection based on the proposals in Solution 1c has been carried out by RAN1. Similarly no performance and core requirements on the measurements an HNB would have to perform for UE UL detection have been standardised. This implies that there is no guarantee in the fact that UL detection can work at all.
Observation 2: Solution 1c is subject to technical drawbacks making it prone to mobility failures.
Impact on technical specifications
It is worth pointing out that Solution 1c brings substantial impact to current specifications. Some of these impacts are highlighted below:
1. Impact on Source RAN (i.e. source RNC).
The Source RNC is mandated to collect specific measurements, include them into specific containers and generate mobility signalling without exact knowledge of the target cell, which is against the current specifications
1. Impacts on Core Network.
The CN is mandated to handle mobility procedures in which it is unclear how the target cell will be identified (and therefore it is unclear how the Target ID IE will be handled).
1. Impacts on the HNB GW.
The HNB GW has to coordinate timing amongst all HNBs (practically it needs to maintain the HNB network synchronised), which has to support disambiguation of target cell and that is in charge of the Handover Selection function (previously solely residing in source RAN).

1. Impacts on HNB.
According to this solution, the HNB becomes a much more complex node, in need to support new Iuh procedures, in need to support UL detection and (as stated in Solution 1c’s description) which is likely to need two receiver chains.

1. Impacts on the RNC OAM system. 
OAM needs to interpret blind mobility events towards HNBs in a different way from normal mobility events (due to such events being targeted always to one, fictitious Target ID)
1. Impacts on interface protocols (HNBAP and RANAP).
1. Potential impacts on RAN1 and RAN4 specifications.
As mentioned above in Section 2.2.1, there is a need for a feasibility study in RAN1, followed (if appropriate) by specification of new UL measurements needed for UE UL detection in RAN1 specifications. Consequently, it would be needed to capture in RAN4 specifications core and performance requirements for the newly defined mechanisms. 
It is worth noting that similar solutions on UL detection at non serving BSs have been proposed in the context of the Carrier Based ICIC WI, where a decision to liaise RAN1 was made in order to evaluate feasibility of those solutions.
Observation 3: Solution 1c has extensive Stage 2 and Stage 3 impacts on RAN3 specifications. Solution 1c needs to be evaluated by RAN1 and RAN4 in order to check its feasibility
Change of paradigm for execution of handover
Besides the impacts Solution 1c brings on current specifications and implementation, there is one important aspect to be highlighted. Solution 1c moves the handover decision function from the source RAN to the target RAN. This implies that mobility towards a HNB GW shall always be triggered by source RAN, even in cases where there is a renowned problem with such relocations and without the possibility of any mobility optimisation depending on target cell. 
This implies that some useful optimisation is prevented, for example: 
1. If a mobility failure occurs towards the same target cell a number of times, the source RAN would not be aware of the fact the failure occurs always towards the same cell. Hence, the source RAN is prevented from deciding to select a different HO target. 
1. In future UTRAN HetNet scenarios, where Mobility Robustness Optimisation and Cell Range Expansion may be used, source RAN will be prevented from applying customised mobility settings towards a given target cell because it is has no visibility over the target cell.
1. The source RAN would not be able to provide a consistent list of statistics concerning mobility failures to its own OAM system. This is because mobility events towards HNBs will not be classifiable (e.g. depending on the error type, on the handover cause, etc). This would prevent network planning and mobility optimisation via functions such as CCO.
Observation 4: Due to its Stage 2 and Stage 3 impacts and its technical shortfalls it not possible to accept Solution 1c as a way forward. On the contrary, Solution 2c, which has no Stage 2 and Stage 3 impacts and that it is not subject to the technical drawbacks of Solution 1c represents the best compromise solution.
Conclusion
In this paper it has been pointed out how the choice of a more complex solution such as Solution 1c described in [1] cannot guarantee avoidance of mobility failures. 
The paper also describes the impacts of such solution to current specifications and implementation.
Finally, the paper highlights the change of paradigm Solution 1c brings to the concept of mobility in UTRAN, making the derived architecture non-future proof.
In light of this the following observations and proposal have been deduced:
Observation1: it seems unlikely that the OTD signature between Macro and HNB cells will drift to the point of not enabling target cell disambiguation, given that updates via HNB to Macro handovers are likely to happen frequently.
Observation 2: Solution 1c is subject to technical drawbacks making it prone to mobility failures.
Observation 3: Solution 1c has extensive Stage 2 and Stage 3 impacts on RAN3 specifications. Solution 1c needs to be evaluated by RAN1 and RAN4 in order to check its feasibility
Observation 4: Due to its Stage 2 and Stage 3 impacts and its technical shortfalls it not possible to accept Solution 1c as a way forward. On the contrary, Solution 2c, which has no Stage 2 and Stage 3 impacts and that it is not subject to the technical drawbacks of Solution 1c represents the best compromise solution.
Proposal: In light of its trade-off between effectiveness and complexity it is proposed to adopt Solution 2c as the way forward solution and to capture its description in an informative Annex of TS25.467.
In line with the proposal above a CR has been provided in [4].
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