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1. Introduction
In the discussions which took place in RAN4 AH#3 concerning CSG reselection requirements and testing [1], one main issue on which no consensus was reached was on the time requirement, and associated propagation conditions. There were two contributions [2] and [3] which proposed a 20 minute and a 1 minute requirement respectively, as well as contribution [4], which was more about the applicability of the core requirement. In this contribution we present further discussion and analysis on the risks we see with defining a requirement similarly as for a coordinated open access higher priority hotspot. 
2. Discussion
We think that it is conceptually important that UE implementations are defined according to core requirements rather than test cases, with the test cases existing to provide verification that the UE conforms to the core requirements in certain exemplary cases. Hence, if RAN4 defines a certain core requirement for CSG search, that (as well as other non-3GPP considerations such as practical performance in actual deployments) should be the primary reference that is used in UE design. The expectation from the UE designer’s perspective should then be that the design will pass the test case “automatically” because the test case is developed from the same understanding of the core requirement. Hence we do not think that it is enough even if a certain implementation will pass the test case, if it does not meet all aspects of the core requirement. This is the normal process by which RAN4 core requirements are applied.
To illustrate the issue that we see, we provide two example implementation aspects which we think might be rather reasonable from a user experience point of view, but could easily end up being disallowed by an overly restrictive core requirement, even though (depending on how RAN5 finally defines the test case) they might not be guaranteed to result in test case failure.
The first example was discussed to an extent in RAN4 2010AH#3. In practice, it is rather likely that a UE can estimate the accuracy, or confidence to which RF fingerprint has been matched and adjust and optimise aspects of CSG search such as search rate accordingly.  For example, if only the cell ID of the serving macro cell has been matched  then the UE may still be several kilometres (or even tens of kilometres in rural cases) away from  the home cell, and very frequent searches might not be too beneficial. We think that it is not an uncommon behaviour that many users remain reasonably close to, but away their home for significant periods of time, for example if their place of work is near their home.  When such users become closer to their home, it is quite possible that some extra fingerprinting technique such as pathloss/RSCP criteria or  some detectable neighbour cells would increase the confidence/accuracy compared with just the identity of the macro serving cell being correct which could then be a trigger for faster search.  If such implementations are expected to comply with a core requirement, and pass a test case when the UE only has a relatively low confidence level (ie macro cell identity matches) then this constrains the UE design such that a high search rate shall be used even when a not very accurate fingerprint is available, rather than optimising the behaviour for the majority of users who should in practice have a more accurate RF fingerprint available. 
Alternatively, even when an accurate RF fingerprint is available, there may well be circumstances in which it is beneficial from a user experience point of view to reduce the autonomous search rate when autonomous searches are unsuccessful. As some concrete example, the HNB could be temporarily shut down due to power failure or other cause, or the UE may have been left close to, but not within the coverage of the HNB, perhaps in the owner’s car. This does not guarantee that it is not within the coverage of other HNB to which it does not have access. In these cases, it would seem desirable to back off  the search rate after a certain number of unsuccessful attempts.
Based on these observations, our view is that CSG search rate may be rather dynamic, and rather closely interrelated to RF fingerprinting technique, so it is an oversimplification to assume that all implementations have a two step process where they first match some kind of fingerprint, and during times that this is matched perform CSG autonomous search at a fixed rate. Our understanding of the RAN liaision statement in [1] was that the core requirement is not intended to exclude optimisations of CSG search rate . Hence we believe it should still be possible to allowing UE manufacturers freedom to develop proprietary algorithms which are addressing the trade-off  of user experience related battery life and CSG selection delay.

3. Simulation results
To illustrate this point further, we performed some system simulations of CSG autonomous search. The scenario consists of a 37 cell macro network. Users who have membership of a particular HNB are considered, and at the start of the simulation, the user position is initialised to their home. The users then perform a random walk, and change direction every 60s for a 1 hour period. The amount of time during which the RF fingerprint is matched is captured and evaluated. Two different fingerprint techniques are considered – a basic algorithm considering only the macro cell ID is expected, and a slightly more sophisticated implementation , in which both macro cell ID has to match the expected value and RSCP should be within ±10dB of the nominal value at the HNB location.
Other simulation parameters are shown in table 1

	Parameter


	Assumption

	Cellular layout
	Hexagonal grid, 37 sites with 3 sectors

	Site to site distance 
	2800m

	Propagation Model
	L= 128.1 + 37.6Log10(Rkm)

	BS antenna gain
	14dBi

	BS antenna pattern
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is defined as the angle between the direction of interest and the boresight of the antenna, 
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 is the 3dB beamwidth in degrees, and  Am is the maximum attenuation. Front-to-back ratio, Am, is set to 20dB. 
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used is 70 degrees .

	BS total TX power
	20W, all cells 100% loaded

	UE antenna gain
	0dBi

	UE noise figure
	9dB

	Shadow fading standard deviation
	4dB

	UE velocity
	30km/h

	UE trajectory
	Starts simulation at HNB

Random walk then performed

New direction chosen from (N,S,E,W) every 60 seconds with equal probability

	
	

	
	

	
	


Table 1: System simulation parameters 
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Figure 1 : Time during 1 hour period when fingerprint is matched and UE is assumed to perform CSG search

Results are shown in figure 1. With macro cell ID only, there are a significant number of user trajectories which result in CSG search being active for greater than 20 minutes, and in a small number of use cases CSG search is performed for 40 minutes during the 1 hour period. As expected, when a slightly more sophisticated RF fingerprint is used, the amount of time during which the fingerprint is matched is markedly reduced, approximately by a factor of 2 for the worst case paths simulated. We have not yet evaluated more advanced fingerprints where eg also neighbour cell RSCP is accounted, but would expect that these can give even greater reduction in the time during connection in which the fingerprint is matched.
The results are rather sensitive to the random walk parameters chosen, and this aspect of user behaviour may have variations but regardless one observation is that with random walk user behaviour, there are a small but signifcant number of users who remain quite close to their own HNB for a significant period of time. Considering that UE velocity is 30 km/h and macro ISD is 2.8km, a more simplistic analysis would be that the time taken to leave the coverage of the macro cell where cell ID fingerprint is matched would be (1.4/30) * 60  = 2.8 minutes but it can be seen that when random UE paths are introduced the user might remain in the vicinity of the home cell for considerably longer. 
Regardless of how user behaviour is modelled, we think it is important to consider that certain users spend significant periods of time close to, but not exactly at the home cell location.
4. Analysis
Based on the results in section 3, it would appear that more sophisticated fingerprint techniques than macro cell ID match would be highly beneficial to support fast autonomous discovery of CSG cells without excessive battery drain. One difficulty which arises from this in the context of core requirements and RAN5 testing is that it is extremely difficult to anticipate what kind of fingerprinting technique a particular UE implementation would use and  provide it in the test environment (or in RAN4 context as a side condition of the core requirement). 

For example, if we hypothesise that a UE implementation makes use of RSCP, as indicated in figure 1 to provide for a faster CSG search while limiting the power consumption impact, the n we would also like to ensure that RSCP is somehow repeatable between the first visit to the CSG cell (when RF fingerprint is assumed to be learnt) and other visits, in order for the autonomous search time requirement to apply.  However, it would seem highly undesirable to specify such aspects in detail in RAN4, since different UE implementation might not even use RSCP of the serving macro cell as a fingerprint criteria – a myriad of other techniques would be possible UE implementation and quite likely some are better performing. Additionally, if we assume hypothetically that RSCP  is specified by RAN4 as a side condition not to change much between learning the RF fingerprint and performing autonomous search then the question naturally arises on how quickly the UE manages to find the CSG cell if the macro RSCP has changed by some margin. This is very likely to happen in CSG/macro deployments, for example due to rain or snow attenuation of the macro signal. Simply passing a test case (or equivalently meeting a RAN4 core requirement) where the signal levels are unchanged would not give any insight into the UE operation in the case that signal levels do change somewhat.
Based on this analysis, we think there are a number of issues which arise

· It seems impossible to avoid the core requirement (and testcase) implictly specifying some limited aspects of the finger print. This is because the RF fingerprint must be matched for the test case to be passed. Our view is that although unavoidable, this aspect should be minimised, ie 
· Fingerprint techniques are up to implementation, hence it is not possible to be sure that relevant trigger conditions are met in the RAN4 core requirement or test case.
· If a short, or demanding time requirement for autonomous CSG search is specified, then there is a significant possibility that some UE manufacturers need to optimise implementations towards passing the specific test case defined by RAN5, with lower CSG search rates in conditions not covered by the test case. The value of the test case can be considered reduced if this happens, since it does not show the general UE behaviour.
Based on these limitations, which seem unavoidable, our proposal is that since only a very basic RF fingerprint can be assumed to be matched in the test case, the autonomous search rate expectations should be set accordingly. This means that the functionality can be verified in a simple scenario without requiring that the UE manufacturer optimises the level of performance in this case. As with other aspects of UE design, it is anticipated that additionally to whatever 3GPP standards require, additional steps need to be taken to provide for a good and competitive user experience. It is important to ensure that such freedoms to practically optimise implementations are not impacted by conflicting 3GPP requirements.
5. Conclusions

In this contribution, we presented some discussion of CSG autonomous search strategies which may be impacted by an insufficiently considered RAN4 core requirement. For example, it may be desirable to dynamically adapt CSG search rate according to factors such as estimated fingerprint accuracy, or to back off CSG search rate after a number of unsuccessful searches when RF fingerprint is macthed.

We presented simulation results which illustrate the value of more sophisticated and accurate RF fingerprint technique compared with macro cell ID, which we think may be somewhat limited for those users that spend a high proportion of their time close to their home cell. As these techniques are not specified, they cannot easily be provided for in any RAN5 CSG test environment.
Finally, we presented some analsysis showing that a short autonomous search time requirement may in the end constrain certain UE implementations. We think it would be rather unfortunate if the emphasis in UE design was to pass in certain specific test case conditions, rather than to provide good tradeoff  between power consumption and autonomous CSG selection time in a wide range of circumstances.

Based on the liaison statement from RAN in [1], our understanding is that the intention should be to develop core requirements to ensure that the functionality is present, rather than to define a certain level of user experience. Hence we believe it is necessary to define the core requirement rather carefully, to ensure that it does not constrain UE implementation, especially of fingerprint matching techniques. Our concern if this approach is not followed is that emphasis in UE implementation will shift to optimisation of the autonomous search functionalities for the conditions specified in the RAN5 test case, and ensuring a pass result in the test even though that may not be representative of actual performance of the CSG search in more realistic conditions.
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