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1. Introduction

After RAN3#74 extensive discussions were carried out on the issue of how to support mobility of legacy UEs to HNBs cells.  These discussions highlighted the merits and demerits of each proposed solution.
However, from the analysis carrier out so far it emerges that there are irremovable obstacles to enable support of such mobility. This paper provides background information about macro-HNB deployments and it outlines the problems affecting the mobility case under study.
2. Scenario Analysis
2.1. Dense small cells scenarios analysis for public access 
A number of discussions carried out in past RAN3 meetings have focussed on mobility issues for HNBs due to very dense deployments of such small cell base-stations. However, it was never explored in details what is meant by “dense deployment” and whether there is a gain (both in terms of radio performance or in terms of offered capacity) in increasing the number of H(e)NB deployments to reach very high density.

For this reason some simulation results are presented in this section, where the focus is to study the performance of a network in which Open and Hybrid cells are deployed for capacity boosting.

In these simulations the analysis is made from the point of view of offered capacity. Namely, the question addressed is: given a target traffic demand set by the operator, how many Open/Hybrid cells are needed to meet such demand?
For such purpose the recently published UMTS FORUM results on mobile traffic forecast have been used [15]. There it was predicted that the average daily data traffic from mobile handsets will increase from 10 MB in 2010 to 294 MB in 2020, while that of wireless dongles/tablets increases from 27 MB to 503 MB in the same period. This translates roughly to 8 GB and 15 GB per month for the handset and tablet/dongle users, respectively. We took the estimate for the dongles, and added some margin, to consider data volumes of up to 20 GB per user per month for the following simulations.
The graph shown in Figure 1 and Figure 2 represent simulations results for a dense urban scenario (Population = 20000/Km2, Macro ISD = 425m). In Figure 1 the user throughput for deployments of small cells with transmission power equal to 20 dBm (corresponding to the upper Tx power limit for HNBs) is shown. Figure 2 shows the user throughput relative to deployments with small cells of transmission power equal to 24 dBm (corresponding to the upper Tx power limit for Pico NodeBs). 
In these graphs the mean throughput curves represent the mean throughput per user, while the 5th percentile curves represent the throughput of the 5 percent UEs with worst performance.
More details about the simulations configuration are presented in the annex section.
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Figure 1: User Throughput vs target traffic demand for small cell deployments with 20 dBm max Tx power (i.e. HNB cells)
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Figure 2: User Throughput vs target traffic demand for small cell deployments with 24 dBm max Tx power (i.e. Pico NodeBs)

The graphs in the figures show that to meet a traffic demand between 10 and 20 GB/month/user with mean throughputs between 11 and 14 Mbps, it is sufficient to deploy a number of small cells per macro equal to 15 and it is marginally beneficial to go as high as 20. 
Starting from 15 small cells per macro the percentage gain of introducing any more small cells (and therefore offloading any more UEs to such small cells) noticeably decreases. In some cases the performance deteriorates when more small cells are added (e.g. see sections where the “15 mean” curve is higher than the “25 mean” curve).  Such degradation is due to the fact that higher small cell density implies higher cross cell interference and control channel overhead, which is a factor with relevant weight especially for the predicted traffic demand range considered. 

The simulations results presented above are not meant to provide an absolute reference towards the number of Pico/Open/Hybrid cells needed to meet future target traffic demands.
Their purpose is rather that of showing what could be the order of magnitude of small cells per macro needed for traffic volumes between 10 and 20 GB/month/user.
The aim of the results is to show that it seems disadvantageous from CAPEX/OPEX point of view and from a performance point of view to increase the density of Open/Hybrid small cells per macro beyond about 15.
These results show it is unlikely that scenarios, where small cells density per macro is of the order of many tens or hundreds, will be available in future HetNet deployments.
2.2. Problem Description: Which Scenario is Affected
With the support of the simulation results shown in the previous section it is possible to analyse the scenarios for which issues might occur when legacy UEs attempt to handover to HNB cells.  A list of scenarios where the target RAN consists of an HNB is presented below together with a mobility performance evaluation for legacy (pre-Release9) UEs.
2.2.1. Macro to Open/Hybrid HNB Mobility 
Open and Hybrid access cells are deployed to provide public access to all users.  From the discussions carried out in the course of Release 10 and 11 it is plausible to assume that deployment of Open and Hybrid cells will be coordinated, i.e. under the operator’s control. The latter ws also confirmed during email discussion #7 by a number of operators.
This is because Open and Hybrid cells provide public access to all UEs. They are often deployed in co-channel with Macro cells and are treated with equal priority as planned cells when it comes to mobility.

Assumption 1: Open and Hybrid cells deployment is assumed to be coordinated and under operator’s control

It is therefore plausible to assume that Open and Hybrid cells will be included in the Neighbour Cell List of the source Macro cell. The latter was also captured as an agreement in the RAN2#67 meeting minutes [3].
Alternatively, in case the source Macro Neighbour Cell List is not sufficiently large to contain all neighbour cells, the extra Open and Hybrid neighbours can be configured in the source RNC e.g. via means such as Neighbour Relation Table or similar. 
In this case, if a UE reports the PSC of any non listed Open or Hybrid cell as part of the monitored/detected set measurements, the source RAN will be able to uniquely identify the target RAN and initiate relocation towards it.
Given the results shown in section 2.1, where it is described how a likely maximum number of open/hybrid cells per macro cell should not be more than about 15, it is plausible to assume that in case the number of Open/Hybrid cells deployed per macro cannot be included in the NCL, it is possible and scalable to configure them in source RNC.
Conclusion 1: Active mode relocation of pre-Release 9 UEs to Open and Hybrid cells is possible under the assumption of coordinated Open and Hybrid cells deployments

2.2.2. HNB to HNB mobility (independently of source/target access mode)
In this scenario it is plausible to assume that, given the limited coverage of HNB cells, a source HNB can always list its entire cell neighbourhood in the NCL. 

The HNB to HNB mobility case represents the reference scenario for e.g. mobility within an enterprise deployment or mobility in an open access HetNet network with neighbouring HNB cells. 
It should be noted that mobility from a Macro cell to a medium to large enterprise scenario (shopping mall, airport, etc.) always happens via predefined “entry” cells located at the ingress of the enterprise. The remaining mobility cases within the enterprise are all embraced by the HNB to HNB mobility scenario.
The HNB to HNB scenario can therefore be considered free from issues affecting legacy UEs mobility.

Conclusion 2: HNB to HNB active mode relocation of pre-Release 9 UEs is already possible (within CSG access limitation) and does not need to be addressed
2.2.3. Macro to Closed CSG HNB Mobility: 
Closed CSG HNB cells usually consist of uncoordinated deployments for which a limited range of PSCs has been assigned. This might imply a reuse of PSCs within the macro cell coverage, which in turn might incur in the so called “PSC confusion” case when it comes to mobility of Pre-Release 9 UEs. 
In case of Pre-Release 9 UEs attempting to handover to a closed CSG cell subject to PSC confusion, it may not be possible to unequivocally determine the target cell for such mobility. 
However, even if the target cell was unequivocally determined, it would be impossible to determine the membership status of the UE to the target cell before the relocation preparation is completed.

The latter is why, in the course of Release 9, mobility to Closed CSG HNBs was deemed to be unsuitable for non-CSG capable UEs (as explained in the next section) as it might lead to frequent mobility failures and CN signalling overload.
For this reason CSG-capabilities were standardised for UEs from Release 9 onwards. 
The following considerations might also be useful to judge the relevance of Macro to Closed CSG HNB mobility scenarios involving non-CSG capable UEs:
1) In order to minimise the risk of PSC confusion an operator is free to assign a relatively large CSG PSC split or to create particular relations between neighbouring PSCs, helping to avoid confusion. 
This may facilitate identification of target cell by means of detected/target PSC and serving Macro cell details only. However, this will still not prevent the issue of signalling overload and frequent relocation failure due to relocation being triggered without knowing the UE membership status at source.
2) HNB CSG capabilities are likely to be enabled only when a large enough number of CSG capable UEs will be available. 
As pointed out during post RAN3#74, email discussion #7, the latter is highly probable, given the extensive CSG upgrades an operator needs to implement at RAN, CN and OAM level. 

3) A plethora of CSG related features are currently being discussed on the basis of CSG capabilities availability at the UE.  Examples of such features are RAN sharing for CSG cells and CELL_FACH mobility for CSG cells.
It seems therefore unlikely that such CSG capabilities will not be available in future versions of 3G UE products.

Conclusion 3: Active mode mobility from Macro cells to Closed CSG HNB cells is natively unsuitable for non-CSG capable UEs. As already established in Release 9 such mobility is unfeasible for legacy UEs
3. Efficiency of Potential Solutions
During email discussion #7 following RAN3#74, an analysis of potential solutions for support of legacy UEs mobility to closed CSG HNB cells was carried out and issues concerning this scenario were exposed. 
The following is a list of issues that seem to affect any solution so far proposed for such mobility scenario. 
1) Core Network Signalling Overload
Depending on the type of solution adopted, mobility of legacy UEs to a closed CSG cell might happen either blindly (source RNC not aware of the target CSG cell) or in a targeted way (source RNC knows the target CSG cell identity). In both cases the source RNC is not able to know whether a UE is member of the target cell or not.
This implies that whenever a legacy UE is in range of a CSG cell a relocation procedure will be triggered.
The latter raises the risk of signalling overload at CN, source RAN and target RAN level.

Moreover, it is likely that in most of the cases the triggered relocation towards a detected closed CSG cell will be rejected due to the UE not being a member of the target CSG. The latter raises the risk of a high number of relocation failures, which impacts statistics, making them unclear. 

When in Release 9 RAN3 was faced with the problem of finding a solution for relocation of legacy UEs to closed CSG cells, the signalling overload and relocation failure issues described above were already identified. Consequently, RAN3 agreed to LS RAN2 in R3-091460, [2], which quotes the following. 

 “RAN3 has treated and analysed a number of procedures aimed at addressing the issue of how to identify the handover target cell when no target system information is provided by the UE. The result of the analysis is that there are no network-based solutions that can unequivocally determine the identity of the handover target.  All the options available so far leave room for erroneous target identification with consequent impacts on handover performance and increase in signalling load.”
And also

· “For the scenario of connected mode inbound mobility to H(e)NB cells, RAN3’s selected reference scenario is where UEs are able to report handover target system information to the source RAN, and therefore allow unequivocal identification of the handover target

· Network based handover target identification solutions are not feasible due to their complexity, and high probability of handover failures.”
As a consequence of such analysis, RAN3 requested RAN2 to enable the UE to report of ECGI/Cell identity, TAI (for HeNBs), CSG ID and CSG Indication.

Hence, RAN3 already agreed that it is unfeasible to allow mobility of legacy UEs to H(e)NB cells that cannot be uniquely identified at source RAN and that the required CSG capabilities are needed at the UE for such type of mobility to be supported. The letter is mirrored by Conclusion 3 above.
2) Issues with Inter Frequency Mobility
In cases of HNB cells deployed on different frequencies from the source Macro cell, legacy UEs will need to perform inter frequency measurements on cells not listed in the inter frequency NCL, i.e. inter frequency detected set measurements.

The first issue encountered by any of the solutions so far presented is that the majority of legacy UEs currently do not support reporting of detected set cells in inter frequency due to the fact that this capability was introduced only in Release 10.  Therefore, for such UEs inter frequency mobility to non-listed HNB cells is not possible.

Moreover, even if a legacy UE supports inter frequency measurements of detected set cells, the UE will need to be frequently allocated measurement gaps for measuring and detecting such inter-frequency cells. The latter will substantially impact UE performance due to lack of transmission/reception of data during the measurement gaps. 
Besides, the performance requirements specified in TS 25.133 clearly state that a UE supporting inter-frequency detected set measurements can require up to 30 seconds to report such cells.  
This is a very long time within which the UE performance will be impacted. Only after such time window there is a guarantee that results for the measurements will be available.
On the contrary, CSG capable UEs, by support of the proximity indicator, are able to detect in an intelligent way when to flag the need of inter-frequency measurements and trigger the expensive process of inter frequency measurements only when necessary.

3) Issues with mixed RAN releases
If it holds true that 3G HNB deployments will be increasingly popular, then it will be also the case that a large population of Pre-Release 11 HNBs will be operational by the time Release 11 RAN solutions will be available. 

The solutions for legacy UE mobility to Closed CSG cells proposed so far are either based on changes to the Macro RAN or on changes to both the macro and the HNB RAN.

In the case where the solution is based on changes to the HNB RAN, it shall be noted that mobility towards pre-Release 11 HNBs will fail to work due to lack of support for such new features at legacy HNBs, which in most cases are customer premises equipment.

4) Issues with blind relocation at source RAN
Current RAN systems are designed to be in control of target selection during active mode relocation.
The source RAN supports an Handover Evaluation function that, given the UE measurements and given the target cell identity, evaluates whether it is opportune to relocate the UE to the target.
In cases of blind relocation (i.e. where the source RAN does not know the identity of the target cell), the advantages of an Handover Evaluation function are defeated. Source RAN cannot make an intelligent choice of whether to handover the UE to the target or not. Source RAN will have to always and indiscriminately trigger mobility towards the target HNB GW. 
An example of how this could affect mobility configuration is where an operator might want to use a different handover bias for mobility towards certain CSGs. This will not be possible due to lack of target system information knowledge at source.

Equivalently, current source RAN systems (by virtue of knowing the target cell identity) are able to evaluate a relocation failure and eventually take actions to minimise the cases of such failure.  For example, if a source RNC triggers relocation towards a closed CSG cell and a RELOCATION FAILURE message is received with cause value “Relocation Target Not Allowed”, the source RNC is able to prevent relocation towards the same target at least for a certain time window following the failure.  The same can be said of failures due to lack of resources at the target.
By enabling the possibility of blind relocation the source RNC will have to always initiate relocation towards the target HNB GW, independently of the previous failure history. 
4. Proposed way forward
The issues presented in section 3 are the most salient ones highlighted during analysis and discussions following RAN3#74. From the issues above it can be deduced that whenever a solution for the problem of legacy UE mobility to closed CSG cells is attempted to be identified there are hard boundaries and obstacles that prevent the solution to work efficiently and in all cases (as it was already agreed in R3-091460 by RAN3 in the course of Release 9).

Moreover, the solutions proposed so far have a high impact on several areas of the 3G system. Changes are needed on macro RAN, HNB RAN, Core Network, RNC OAM and HNB OAM.

It seems unfeasible to reverse past groups agreements and standardise a solution that has extensive impacts on the 3G system and that does not solve the identified issues in an efficient and comprehensive way. For such reason the following way forward is proposed:

Way forward: 
As already agreed by RAN3 in the course of Release 9 (see R3-091460) network-based solutions for the support of legacy UE mobility to uncoordinated HNB cells cannot unequivocally determine at source RAN the identity of the handover target and whether it is accessible by the UE.  Such network based solutions are subject to degradation of handover performance, increase in signalling load and high impact on the 3G system.
It is therefore proposed to support mobility towards uncoordinated HNB cells only in case of CSG capable UEs.
5. Conclusions
In this paper an analysis of the solutions so far presented for support of legacy UEs mobility to HNB cells was carried out.
It was described that legacy UEs can already be supported during mobility towards coordinated open and hybrid cells. Similarly, mobility of legacy UEs from source HNB to target HNB (within access restrictions to CSGs) can also be supported. The following was captured in the assumption and conclusion below
Assumption 1: Open and Hybrid cells deployment is assumed to be coordinated and under operator’s control
Conclusion 1: Active mode relocation of pre-Release 9 UEs to Open and Hybrid cells is possible under the assumption of coordinated Open and Hybrid cells deployments
Conclusion 2: HNB to HNB active mode relocation of pre-Release 9 UEs is already possible (within CSG access limitation) and does not need to be addressed
It was identified that mobility of legacy UEs towards uncoordinated HNB cells may be subject to failures. However, it was pointed out that there seem to exist no solution that can fix such issue in a comprehensive and efficient way. 
Hence the following Conclusion and way forward were captured:
Conclusion 3: Active mode mobility from Macro cells to Closed CSG HNB cells is natively unsuitable for non-CSG capable UEs. As already established in Release 9 such mobility is unfeasible for legacy UEs
Way forward: 

It has so far not been possible to find network-based solutions for the support of legacy UE mobility to uncoordinated HNB cells that can unequivocally determine at source RAN the identity of the handover target and whether it is accessible by the UE.  All the options available so far are subject to degradation of handover performance, increase in signalling load and high impact on the 3G system.
It is therefore proposed to support mobility towards uncoordinated HNB cells only in case of CSG capable UEs.
It is proposed to agree to the conclusions and way forward above and to include them in the appropriate RAN3 TR.
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7. Annex
The configuration details for the simulation results shown in section 2.1 are as follows:
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Region of interest for years 2012-2020 (according to traffic predictions such as by UMTS forum, mobile traffic forecast 2010-2020)
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Region of interest for years 2012-2020 (according to traffic predictions such as by UMTS forum, mobile traffic forecast 2010-2020)
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Parameters





Values





Carrier frequency





2GHz





Bandwidth





10MHz





Macro cells





21 (7 sites, 3 sectors), with wrap around





Macro Tx Power





40 W (46dBm)





Pico Tx Power





250 mw (24dBm)





Macro ISD





425m





Pico placement





Outdoor





Propagation settings





According to 36.814, case 1





Shadow fading





Log-normal with std 8dB and 10dB to and from the macro and pico basestations, respectively





Population density





20 000 inhabitants/km2





Service penetration





90%
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30%
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