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1. Introduction

In [1], RAN2 requested RAN4 to carry out three actions related to the existing IFRI handling of non-allowed CSG cells. Current REL8 36.304 states that UE shall ignore IFRI from the non-allowed CSG cells meaning that UE is still allowed to camp on cells on same frequency. In RAN2 some concern was raised about a possible interference problem, and the actions requested from RAN4 relate to these concerns. 

The actions requested by RAN2 of RAN4 are as follows:

Action 1:

In RAN2 there was no clear understanding how significant the problem is and we would like to know whether RAN4 view on the significance of the issue and if it is seen that improvements are needed whether these should be part of REL8? Or would it be sufficient to have solution only from REL9 onwards?

Action 2:
RAN2 would also like to get RAN4 understanding whether UTRAN would require solution for the problem as well or if the current UTRAN behaviour is sufficient. 
Action 3:

RAN2 requests RAN4 to consider solutions (above or any other) for the problem if RAN4 thinks that the problem is significant enough that a solution is necessary and provide feedback to RAN2 if RAN4 has any opinion on which type of solution would be most appropriate. From RAN2 perspective simpler solutions are clearly preferable. It should be remembered that if a release 8 solution is seen necessary then ASN.1 changes are not possible due to ASN.1 freeze. 
In addition, 5 different proposed solutions which have been discussed in RAN2 are provided in [1]. The purpose of this document is to present views on the way forward in addressing each of these actions.
2. Discussion of RAN4 actions
Action 1: Significance of the problem

Our view is that there is a significant problem to which a solution is highly desirable to ensure proper behaviour of a macro UE in proximity to a non-allowed CSG cell. In system simulation results in [2]it was shown that there is a very significant probability when using the currently defined reselection criteria that  macro UE located within the coverage area of a non-allowed CSG cell would not be able to receive from a macro cell on the same frequency due to the interference from the non-allowed CSG cell. However, if they are already camped on a macro cell on the same frequency, there is no mechanism available to trigger reselection to another carrier frequency or RAT e.g. of lower priority. Hence it is inevitable that macro users will be denied service when they happen to be in close proximity to a non allowed CSG cell.

As the widespread deployment of CSG cells is anticipated in the future, we believe that this is a problem which needs to be solved even in release 8 timescale. Nevertheless, due to the ASN.1 freeze mentioned in [1] it would be feasible to consider whether a more basic solution to the problem should be considered for release 8 devices, with the possibility to introduce additional signalling support in release 9.
Action 2: Necessity of a UTRAN solution
The necessity of a UTRAN solution depends to some extent on the technical solution which would be considered for E-UTRA. One difference between current UTRA and E-UTRA specifications is the provision of an Ec/Io related component to the suitability criterion denoted by Qqualmin. In the past, reliability of Ec/Io measurements in the presence of HSDPA traffic load has been discussed, for example in [3]. Considering the likely small number of users in a home node B CSG deployment, and the possible usage of high data rates and bursty traffic, it seems probable that the load of  a home node B could be highly time varying. Therefore, our view is that it may be rather challenging to set an appropriate value for Qqualmin which avoids ping pong but still effectively addresses the CSG interference problem. In this context it is worth noting that the Qqualmin which would need to be adjusted is the one which is signalled in macro cell system information, and it may be undesirable to adjust existing values of Qqualmin, as this will also affect out of service behaviour within the macro network. For these reasons we consider that it would be desirable to consider a solution for UTRAN also, depending on the technical details of the solution chosen for E-UTRA.

Action 3: Solutions to the problem

RAN2 requested RAN4 to consider solutions for the problem if RAN4 thinks that the problem is significant enough that a solution is necessary and provide feedback to RAN2 if RAN4 has any opinion on which type of solution would be most appropriate. Five different solutions which have already been discussed in RAN2 were given in [1], and in the next section we provide some analysis and discussion of these potential solutions. We also note RAN2 guidance that simpler solutions are clearly preferable, and that ASN.1 changes in release 8 are not possible due to the ASN.1 freeze.
3. Analysis of proposed solutions

1. . 

As indicated in simulation results in [2], RSRQ is likely to be a rather unreliable metric due to load variation and bursty traffic on the non-allowed CSG cell. Even with constant 100% loaded CSG cells, the simulations show that adding RSRQ to the cell suitability criteria gives the greatest number of reselections both from high to low priority and vice versa, whilst not giving the best SINR of the schemes considered. When variable CSG load was simulated, the number of reselections was very significantly higher than for other candidate solutions, again without providing a corresponding improvement in SINR compared to the other schemes considered. This leads us to conclude that an RSRQ based threshold is rather likely to result undesirable ping pong between frequency layers in the vicinity of the non-allowed CSG cell, as the RSRQ varies above and below the suitability threshold.

In addition, due to RAN2’s indication that ASN.1 changes cannot be considered for release 8, it would not seem feasible to consider an RSRQ based solution for release 8. The only obvious way in which this could be done would be to use a hard coded RSRQ suitability threshold in release 8 devices, and this would appear to be rather risky due to the concerns about ping-pong and unnecessary reselection between priority layers and considering that such a hard coded RSRQ suitability mechanism could not be disabled or tuned by any network parameter.
Finally, in view of the preference from RAN2 to consider simple solutions, the addition of a new measurement quantity in idle mode appears a rather more complicated solution to the problem than other candidates, and should perhaps only be considered if it is shown that other simpler candidate solutions would not provide an adequate solution to the problem.


In our view, this seems to be a feasible solution to the problem. In release 8 barring behavior dependent on a signaled IFRI flag and Tbarred (fixed to value 300s in EUTRA) is defined for non-CSG cells. One reason that this behavior was not previously defined for CSG cells is that it would have required the UE to decode the IFRI parameters from the non-allowed CSG cell, even if the UE already has prior information that it will not be allowed to camp on the CSG cell (e.g. because it knows from PCI split information that the cell is a CSG cell and it has an empty CSG whitelist so no CSG cells are allowed). To avoid resulting negative implications on power consumption, it would be necessary to either provide sensible hard coded default values for IFRI flag and Tbarred, or to indicate these in the macro cell system information if additional flexibility and configuration is required. Given the ASN.1 freeze for release 8, it seems that at least release 8 should use a hard coded behavior, and additional flexibility could be considered for release 9 if necessary.
Considering the likely default values

IFRI default should be “not allowed”, otherwise the stated problem is not addressed at all (UE is allowed to remain on the frequency)

RAN2 has already proposed 300s barring in [1] and uses 300s for other barring scenarios, so this may be an appropriate period.

Further flexibility could perhaps be considered if seen beneficial for release 9 UEs, however the important aspect is that any additional parameterization should either be provided in macro cell system information, or else stored e.g. for 24 hours and globally applicable to all non-allowed CSG reselections.
Additionally it should also be noted that barring of a non-CSG cell is removed by 36.304 if highest ranked cell changes – see 36.304 chapter. 5.2.4.4. It would be possible to use a similar mechanism for barred CSG cells. This would allow UEs leaving non-allowed CSG coverage area to reselect more rapidly back to the highest priority layer, although it may result in additional reselections if the UE is close to the edge of CSG coverage.
One aspect which RAN4 should consider in relation to both proposals 3 and 4 is the likelihood that the UE is able to detect and make measurements of both non-allowed CSG cell and macro cell at the same time with good accuracy. Our studies in [2] indicate that once inside the homes modelled, a large number of UE do not meet the Ês/Iot ( -3 dB side condition for the macro cell, and hence the macro cell measurements cannot be assumed to be stable and reliable. This creates the problem that it appears rather difficult to evaluate the pathloss of the macrocell when the CSG cell is highest ranked, or to use algorithms which compare RSRP between the macro cell and the non-allowed CSG cell.
In addition, it is clear that solutions 3 and 4 cannot be considered as candidates for release 8 due to the ASN.1 freeze and additional parameterisation that would need to be introduced. Since we believe that this is a sufficiently important problem that release 8 solutions are developed, we consider that this is a significant disadvantage of solutions 3 and 4.


This solution appears somewhat similar to solution 2 except that rather than completely barring the frequency it is considered to be of lowest priority. This means that if there is no other coverage available on any other frequency or RAT then the UE is allowed to remain on the frequency where interference from the non-allowed CSG cell exists, but otherwise it should reselect to any other frequency or RAT.

Some practical aspects of this solution which would still need to be considered are
· At what point would the implicit deprioritisation be cancelled? It would be necessary that the frequency remains at low priority after reselection to another frequency takes place, but at some point in the future, the original prioritisation should be restored (ideally once the non-allowed CSG cell is no longer the best ranked cell). This could be addressed either by some fixed timer (e.g. 300s as in solution 2) or alternatively a rule could be introduced that once the non-allowed CSG cell is no longer the best ranked cell on the (implicit low priority) frequency, original priorities are restored. In this case, since the UE does not normally monitor lower priority frequencies or RATs (in good conditions) a higher than usual threshold might be needed for searching for lower priority frequencies to ensure that the UE was aware that a different cell had become the best ranked cell and that the implicit lowest priority for that frequency could be cleared.

· This solution allows macro UEs to remain on the same frequency as a CSG cell when they are in close proximity to it if there is no other coverage. While this may be considered to be a rather rare scenario, if it does not occur sometimes, then there would be no point in defining such a solution (barring would have the same effect). So for this type of deprioritsation solution we should also consider other aspects such as uplink interference to the CSG receiver from the macro UE. This seems to be the significant difference between solution 2 and solution 5 from a RAN4 perspective. Our initial view is that given that it may be a relatively rare scenario that the macro UE will not be in coverage of another frequency or RAT, accepting uplink interference from macro UEs in these cases could be acceptable even though it could temporarily degrade the service that the CSG cell is able to provide, especially as this is the currently defined behaviour in release 8. However, this assumes that non member UEs will only be temporary visitors to the CSG coverage area, and that any regular or frequent visitor would eventually be added to the CSG whitelist and granted access. This naturally depends on operator plans for the deployment of CSG, and further feedback on how significant a problem this could be would be welcome as part of the decision making process
· There are already some cases in 36.304 chapter 5.2.4.1 where UE implicitly puts lowest priority for a frequency and thus if we have this extra “lowest” priority mechanism one should consider which one of these “lowest” is really lowest.
4. Conclusions

This document presents some discussion on handling of non-allowed CSG cells to facilitate response to the actions requested by RAN2.

The main points may be summarised as follows

Action 1: Significance of the problem

Our view is that there is a significant problem to which a solution is highly desirable to ensure proper behaviour of a macro UE in proximity to a non-allowed CSG cell. We would support development of a release 8 solution, with the possibility to introduce additional signalling support in release 9
Action 2: Necessity of a UTRAN solution
We believe that it would be desirable to develop a solution that is applicable to UTRAN also, as the reliability of Ec/Io in the vicinity of a non allowed CSG cell with bursty traffic may not be sufficiently stable to avoid ping pong.
Action 3: Solutions to the problem
Our analysis indicates that solutions 2 or 5 may be appropriate. In many cases (i.e. when there is coverage available on another frequency or RAT) these solutions will provide rather similar behaviour. In case that there is no other frequency or RAT available, we should consider whether the desired behaviour is to go out of service (solution 2) or to attempt to remain in service even though this risks interference towards the HNB from the macro UE. Given the normal situation that there is likely to be other coverage available the uplink interference risk in solution 5 may be acceptable but especially operator feedback on this trade-off would be beneficial. 
Based on the discussion around this contribution, a response to the RAN2 liaison statement should be formulated.
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Deprioritization of mixed layer: A UE that ranks a non-allowed CSG as the best cell considers the frequency of this CSG to be the lowest priority frequency 





Pathloss based solution: In this solution UE bars or de-prioritizes (as in solution 5) the serving frequency if 


the macro cell pathloss is greater than a threshold and the non-allowed CSG cell is the highest ranked, or


the macro cell pathloss is not greater than the threshold and the non-allowed CSG cell is the highest ranked after applying a negative bias,


The negative bias and the threshold are assumed to be signaled to the UE. 


RSRP difference: If the difference in RSRP between the current serving cell and the non-allowed CSG cell becomes less than a configurable parameter (sent on macro or in the CSG cells), the UE shall re-select to another frequency or RAT


























Barring the frequency: Change the current behaviour such that if the UE reselects a non-allowed CSG cell the UE will bar the whole frequency layer for 300 seconds. 





Interference (RSRQ) in reselection algorithm: In this proposal one would add RSRQ in the reselection algorithm
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