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1 Introduction
RAN4 has received LS from RAN3 regarding the performance of UE measurement: PSC and SFN-CFN observed time difference measurement report under a given PSC reuse in open and hybrid Home Node B (HNB) deployment scenario [1]. This is related to the on going study item in RAN3 called, “Further enhancements for HNB and HeNB”. 

In this paper we analyse the performance of PSC and SFN-CFN time observed in difference measurement report under a given PSC reuse as requested by RAN3. Based on this analysis we provide a draft LS response to RAN3 in [2]. 
2 Summary of Existing SFN-CFN Time Difference Measurement Requirements 
The SFN-CFN observed time difference measurement is specified for handover timing purposes to identify time difference between the active cell and the neighbour cell. 

The UE performs SFN-CFN time difference measurement on active and neighbour cells, which are identified by the UE. This means UE knows the physical cell ID of the cells. Hence UE reports physical cell ID along with the SFN-CFN time difference measurement results.

The measurement performance requirements for intra-frequency as well as for inter-frequency SFN-CFN observed time difference measurements are specifed in section 9.1.7 of TS 25.133. In both cases the measurement accuracy is ± 1 chip over a measurement period which is the same as that of the corresponding CPICH measurement (e.g. 200 ms for intra-frequency case).
3 Performance of PSC and SFN-CFN Time Difference Measurement under Different Conditions
The SFN-CFN time difference measurement performance requirements are applicable when the monitored set (aka neighbour cell list) contains a unique list of scrambling codes (i.e. cell IDs) of the neighbour cells. 

However according to the RAN3 LS the scenario under discussion comprises of a dense deployment of open and hybrid HNB cells where, due to scarcity of available scrambling codes for HNBs, the scrambling codes may be frequently reused. In WCDMA the cell frame timing are not required to be aligned between the cells. However coincidently two or more cells may have the same or similar timings. 
Therefore when scrambling codes are frequently reused it is quite probable that the UE receives the same scrambling codes and encounters similar cell timings from two or more cells in the HNB deployment scenario mentioned in RAN3 LS. Thus in order to asses the impact of scrambling code reuse on the performance of SFN-CFN time difference measurement for a legacy/existing UE (which is not CSG capable), let us consider the following two main scenario. 
1. Scrambling codes and timings of two neighboring cells are identitical 

2. Scrambling codes of two neighboring cells are identitical and but their timings are different
· Let us consider the first scenario. In this case there is complete collision of the scrambling codes so the CDMA code gain will disappear. In other words the signal received from one cell will interfere with that received from other cell without allowing any CDMA code gain. Thus the UE cannot even detect the neighbour cell and as a consequence the SFN-CFN measurement cannot be performed. 

· In the second scenario let us further consider two sub-cases: when cell timings are close and when cell timings are clearly separated from each other.  
· In the first sub-case (i.e. when cell timings are close) the UE may find only one cell but still cannot meet the current requirements since the UE will not be able to clearly separate the signal paths from the two cells.  

· In the second sub-case (i.e. when cell timings are well separated) the UE may be able to identify the two cells e.g. when cell timing difference is much larger than the maximum acceptable window of the channel multipath profile. In this scenario the UE may report one of the cells. However it should be noted that the existing requirements are defined assuming that unique scrambling codes are provided in the neighbour cell list. Therefore for this case (i.e. reported cell) there are no legacy performance requirements. For example the time to report the cell will be unspecified and may be unpredictably long. It may therefore be difficult for the network to rely such measurements for active mode mobility scenarios.
4 Conclusions

In this paper we have analyzed the performance of PSC and SFN-CFN observed time difference measurement report under a given PSC reuse as requested by RAN3 in their LS. 
In HNB scenario due to reuse of scrambling codes, two or more neighbor cells seen by the UE may have the same scrambling and their timings may also be similar. Based on this analysis we believe that the legacy UE (non-CSG capable UE) cannot meet the existing performance requirements defined in TS 25.133 when neighbor cells’ scrambling codes are identitical and their timings are identical or similar. Even when timings are significantly different, the current requirements are based on the assumption that the scrambling codes should be unique. A draft LS response to RAN3 is provided in [2].
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