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1 Introduction
It has been agreed at RAN1#67 [1] that network assistance by means of higher layer signalling is utilized to aid the UE in order to simplify the UE implementation for cell detection for up to 9 dB CRE (cell range expansion) bias. It has furthermore been agreed that further discussion regarding necessary specification changes are required. The conclusion from RAN1#68 [2] was that Rel-10 signalling can be used to assist cell search.
After RAN1#68bis [3], one open issue regarding the support for detecting pico cells in the CRE region is the question whether the case of colliding CRS between macro and pico cells should be supported.  In this contribution we provide Panasonic’s view regarding the need for handling the case of colliding CRS in HetNet (heterogeneous network) scenarios with large CRE bias values.
2 Discussion

The vertical shift of CRS positions in the frequency domain depends on the cell ID; three orthogonal CRS patterns are supported. That means that up to three cells can be operated in the same geographical region without causing mutual CRS-to-CRS interference to each other if the cell IDs are assigned properly by the network operator. 
The advantage of allowing random cell ID assignment is that this significantly reduced the complexity of the deployment planning on the operator side. No cell planning is required if random cell ID assignment is supported. However, in order to achieve this, the worst case of colliding CRS has to be taken into account, and this puts an additional burden on the UE implementation in case of using large CRE bias values (e.g. 9 dB). Our opinion is that the case of colliding CRS between pico cells and (dominant) macro cell can virtually always be avoided if some simple rules are considered during cell ID planning. 
The occurrence probability of a scenario where a single pico cell is affected by very strong interference from more then two macro cells is extremely low, as already described in our previous RAN1 contribution [4]. Whether a pico cell will only be affected by a single dominant interfering macro cell or by multiple interfering macro cells depends on the relative cell size difference between macro and pico cells. If the difference between macro and pico cell size is large, a pico cell will in most cases only be affected by a single dominant interfering macro cell. That means that the three supported orthogonal CRS patterns should be sufficient for avoiding CRS-to-CRS interference between macro and pico cells.  If the difference between macro and pico cell size is small, a pico cell could affected by multiple dominant interfering macro cells. On the other hand, under such conditions, the traffic load is already sufficiently shared between macro and pico cells. The additional gain of applying (large) cell range expansion is expected to be very small or not existing. Small CRE bias values (i.e. up to 6 dB) can always be used without the need for special CRS interference handling for both colliding and non-colliding CRS.
Even if an operator prefers to assign random cell IDs to pico cells, it still has to be decided which CRE bias (large bias or smaller bias) would be used for which cell. It is not required to use within a pico cell the same CRE bias value for all overlapping macro cells. The CRE bias can actually be defined per macro-pico cell pair. That means that the use of large CRE bias values can be avoided for cases of colliding CRS. It is therefore beneficial to support large CRS bias values only for the case of non-colliding CRS between macro and pico cells in order to keep the UE implementation complexity on a reasonable level. 

It is expected that the limited support of colliding CRS (e.g. only up to 6 dB) will not have severe impact on the load balancing capabilities of the network deployment since it is expected that more than one pico cell will be deployed per macro cell. That means that even if a large CRE bias cannot be used for one pico cell due to colliding CRS, the load balancing for that macro cell can most probably still be achieved by applying a large CRE bias for another pico cell without colliding CRS within that macro cell.
3 Conclusion
In this contribution we discussed advantages and disadvantages of supporting colliding CRS for HetNet scenarios consisting of macro and pico cells with CRE. Based on the discussion, we draw following conclusion:
Proposal: Large CRE bias values (more than 6 dB) should only be supported for the case of non-colliding CRS between macro and pico cell. RAN4 should take that into account.
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