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1
Introduction
In the recent RAN2/4 meetings, interference issues caused by non-allowed CSG cells were raised, and it was intensively discussed how such interference problems could be solved without any unnecessary cell reselections [1-6]. Furthermore, it was also pointed out that similar interference problems would happen even in open-cell indoor deployments, because UE could not detect indoor cells (interferer) when the serving RSRP (Macro cell RSRP) is higher than Sintrasearch [7]. 
This contribution discusses and proposes how the above interference issues could be solved in Release 9. 
Note that the same contribution is input to RAN4, and it is expected that the decision on this issue takes place in RAN4 during their meeting in Miyazaki, and the results are notified to RAN2 by an LS. However, to make RAN2 aware of this discussion sooner, the same paper is input to RAN2.
2
Evaluation of Sintrasearch
2.1
Background

The interference problems are illustrated in Figure 1. In the figure, both Indoor #A and #B are assumed open cells. For Indoor #A, Macro cell RSRP is lower than Sintrasearch and UE makes neighbour cell measurements. In this case, Macro UE in idle mode can detect Indoor #A and make cell reselection to Indoor #A when it moves into the Indoor #A area. For Indoor #B, on the other hand, Macro cell RSRP is higher than Sintrasearch and UE does not make any neighbour cell measurements. As a result, Macro UE in idle mode cannot detect Indoor #B when it moves into the Indoor #B area, and sever interference problems caused by DL signals from Indoor #B would happen, e.g. UE would miss paging message due to the interference. 
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Figure 1: Interference problems due to evaluation of Sintrasearch using RSRP
It is true that the above interference problems would never happen, if perfect cell planning like macro cell layout in system-level simulators is achieved by network operators. In real life, however, such perfect cell planning between macro cells and indoor cells would not be possible, and it is expected that heterogeneous network deployments would increase in the near future to increase cell capacity.
2.2
Possible solutions
Possible solutions are listed as follows:

Solution 1: Increase of Sintrasearch (Release 8 solution)
Network operators would increase the Sintrasearch value so that Macro UE would make neighbour cell measurements more frequently and make cell reselections appropriately when DL interference due to indoor cells might happen. Big disadvantage in this solution is the increase of UE power consumptions, because it would reduce UE power saving possibilities. It is noted that there would be no need to change any specifications, and this would be adopted in Release 8 network.  

Solution 2: RSRQ based cell reselection
RSRQ cell reselection would be introduced in the 3GPP specification. It means that both cell ranking for reselections and evaluation of Sintrasearch are based on RSRQ. In this solution, Macro UE could start the neighbour cell measurements if the RSRQ is lower than Sintrasearch and then make cell reselection to the indoor cell, similarly to CPICH Ec/N0-based cell reselection in UTRA. One concern is that this solution might cause unnecessary ping-pongs due to dynamically fluctuating RSRQ, especially in inter-freq/inter-RAT cell reselections.
Solution 3: Cell ranking using RSRP and evaluation of Sintrasearch using RSRQ
UE would make cell ranking for cell reselections using RSRP (S-based metric) as specified in Release 8, but evaluation of Sintrasearch should be based on RSRQ. In this solution, UE could start neighbour cell measurements when the radio quality (RSRQ) of the serving cell gets worse, and as a result degradation due to interference from indoor cells could be avoided. Furthermore, it could avoid unstable cell reselection behaviours, because cell ranking is based on S-based metric (RSRP). 
It is proposed that Solution 3 should be adopted in Release 9 cell reselection, because it could avoid interference problems without any degradation for UE power consumption and cell reselection stability.
Proposal 1: Cell ranking using RSRP and evaluation of Sintrasearch using RSRQ should be introduced in Release 9 cell reselection.
2.3
Remaining issues
Some remaining issues in Solution 3 are discussed below in order to complete specification work on the cell above reselection enhancements in Release 9.

Point 1: “Only RSRQ” or “RSRP + RSRQ” in the evaluation of Sintrasearch
There are two options on how to evaluate Sintrasearch in Solution 3 as follows:

· Option 1: Only RSRQ

· Only RSRQ is used for the evaluation of Sintrasearch. If new signalling to select RSRP or RSRQ is added, network operators could select RSRP or RSRQ in the evaluation based on its cell reselection policy.
· Option 2: RSRP + RSRQ

· In this option, UE would start neighbour cell measurements if RSRP is lower than Sintrasearch for RSRP or RSRQ is lower than Sintrasearch for RSRQ. 

It is felt that normal cell reselection behaviours, such as cell ranking and evaluation of Sintrasearch in well-planned cell deployments, should be based on RSRP, and the evaluation of Sintrasearch using RSRQ would prove its merits in some emergency cases, in which interference from hot spot cells or indoor cells would be significant. Therefore, it is proposed that Option 2 should be adopted.
Proposal 2: The evaluation of Sintrasearch should be based on both RSRP and RSRQ.
Point 2: Signalling of Sintrasearch
As discussed so far, Solution 1 would be adopted for Release 8 UE, and Solution 3 would be adopted for Release 9 UE. It implies that separate signalling for Sintrasearch would be needed for Release 8 and 9. For example, the following parameter settings would be expected in the network, where both Release 8 and 9 UEs would exist: 

· Sintrasearch (RSRP) for Release 8: High value
· Sintrasearch (RSRP) for Release 9: Low value
· Sintrasearch (RSRQ) for Release 9: Low value to detect the emergency cases
Therefore, it is proposed that Sintrasearch for Release 9 should be signalled separately to Release 8. 
Proposal 3: Sintrasearch for Release 9 should be signaled separately to Release 8. 
Point 3: Detection of Out-of-service area in idle mode
From an operator point of view, it should be avoided that “in-service area” is shown in the terminal display although it is actually “out-of-service area”, i.e. if it is out-of-service, it should be correctly notified in the terminal display. In the above interference scenarios, however, such misalignment between the terminal display and the actual service status would happen, because only RSRP is used for the evaluation of out-of-service area in the current specifications. For example, if RSRP is higher than Qrxlevmin, but the radio quality (RSRQ) is severely degraded due to the above-mentioned interference, the terminal display shows “in-service area”, but it is actually out-of-service area. 
Therefore, it is proposed that out-of-service area should be detected using both RSRP and RSRQ in E-UTRA, similarly to out-of-service area detection in UTRA, where out-of-service area is detected using both CPICH RSCP and CPICH Ec/N0. It is noted that the out-of-service area detection using RSRQ would unnecessarily increase out-of-service areas due to dynamically fluctuating RSRQ, but we believe that we could avoid such problems by setting sufficiently low values for Qqualmin.

Proposal 4: Out-of-service area should be detected using both RSRP and RSRQ.
3
Handling of Non-allowed CSG cells
3.1 Background

The interference problems are shown in Figure 2, in which the DL transmission from a macro-eNB to a UE that is close to a Home eNB is severely interfered from the DL transmission from the Home eNB. The only difference between Figure 1 and 2 is that Home eNB is a non-allowed CSG cell, i.e. UE could not make cell reselection to the Home eNB cell. 
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Figure 2 Interference problems due to Non-allowed CSG cell
3.2 Possible solutions
Possible solutions are listed as follows:

Solution 1: RSRQ evaluation + Barring the frequency layer
In this solution, when a non-allowed CSG cell is the best, UE measures RSRQ of the current serving cell, and if it is lower than threshold, UE will bar the frequency layer for 300 seconds. This solution could mitigate the DL interference problems and avoid unnecessary DL outage due to barring behaviours, because UE would bar the frequency layer only when the radio quality (RSRQ) is poorer than the threshold value. One small concern is that it might cause unnecessary transition due to fluctuating RSRQ value, but such disadvantage would be mitigated by the cell barring behaviours with 300 seconds.
The threshold should be signalled so that network operators could adjust the trade-off between the DL interference caused by non-allowed CSG cell and the DL outage due to the barring behaviours.
Solution 1’: Evaluation of Sintrasearch using RSRQ + Barring the frequency layer
This solution is almost the same as Solution 1, but how to evaluate RSRQ for the serving cell is slightly different. In this solution, when UE make neighbour cell measurements due to low RSRQ values (lower than Sintrasearch) and a non-allowed CSG cell is the best, UE will bar the frequency layer for 300 seconds. It means that the threshold for Solution 1 should be the same as Sintrasearch for RSRQ, and we don’t need additional signalling for the threshold. 
It is noted that in case that RSRP is lower than Sintrasearch (RSRP) and RSRQ is higher than Sintrasearch (RSRQ), UE should ignore a non-allowed CSG cell. Otherwise, unnecessary cell barring would happen in the macro cell edge regions even if non-allowed CSG cell activity would be quite low and actual interference would be negligible.
Solution 2: Barring the frequency layer
In this solution, when a non-allowed CSG cell is the best, UE will bar the frequency layer for 300 seconds. This solution could mitigate the DL interference problems, but would significantly increase DL outage in the frequency layer due to the barring behaviours. UE will bar the frequency layer, even if the non-allowed CSG cell activity would be quite low and actual interference would be negligible. It is noted that this issue is quite critical in E-UTRA deployments. Single carrier operation with large bandwidth, such as 10 MHz, would be a typical deployment scenario in E-UTRA, and therefore UE needs to move into UTRA carrier after barring the frequency layer, which is quite problematic from an operator point of view.
Solution 3: Ignoring non-allowed CSG cell (Release 8 behaviour)
In this solution, when a non-allowed CSG cell is the best, UE just ignores the non-allowed CSG cell and camp on the second best open cell. This solution could not avoid the DL interference problems, but avoid the DL outage in the frequency because it does not move into other frequency layers.
Obviously, both DL interference caused by non-allowed CSG cell and DL outage due to barring behaviours should be avoided, from an operator point of view. Therefore, it is proposed that Solution 1 (or Solution 1’) should be adopted for handling of non-allowed CSG cell.
Proposal 5: RSRQ evaluation + Barring the frequency layer should be adopted for handling of non-allowed CSG cell.
4
Conclusions
This contribution discussed how DL interference problems due to non-allowed CSG cell or evaluation of Sintrasearch using RSRP could be solved in Release 9 time frame. Based on many aspects, such as DL interference, UE power consumption, DL outage due to cell barring and so on, we proposed the following solutions:

Proposal 1: Cell ranking using RSRP and evaluation of Sintrasearch using RSRQ should be introduced in Release 9 cell reselection.
Proposal 2: The evaluation of Sintrasearch should be based on both RSRP and RSRQ.
Proposal 3: Sintrasearch for Release 9 should be signaled separately to Release 8. 
Proposal 4: Out-of-service area should be detected using both RSRP and RSRQ.
Proposal 5: RSRQ evaluation + Barring the frequency layer should be adopted for handling of non-allowed CSG cell.
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