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1. Discussion

In LTE, UE neighbor-cell measurements are carried out on the cell-specific downlink reference symbols transmitted within each downlink subframe. More specifically, the measurements are carried out on the reference symbols transmitted from antenna #1 and, if present, from antenna #2. In case of non-MBSFN subframes, eight reference symbols are transmitted (per transmit antenna) within each block of 12 subcarriers (two consecutive resource blocks). On the other hand, in case of MBSFN subframes, the cell-specific reference symbols (for antenna #1 and antenna #2) are only transmitted in the first OFDM symbol of a subframe, i.e. there are only two reference symbols transmitted (per transmit antenna) within each pair of two resource blocks. 

Assuming that the UE does not know the MBSFN (subframe) configuration of the neighbor cell, i.e. what subframes are MBSFN subframes, the UE must restrict neighbor-cell measurements to only the first reference symbols of each subframe (those reference symbols that are always present, regardless of whether a subframe is an MBSFN subframe or not). Alternatively, the UE may restrict neighbor-cell measurements to subframe 0 and 5, as these subframes are never MBSFN subframes
. This may lead to unnecessary long measurement time, especially in a non-synchronous network deployment (no tight synchronization between neighbor cells) as, in such cases, a UE may, depending on implementation, be limited to measure on neighbor one cell at a time. In a synchronous network deployment (tight synchronization between neighbor cells), a UE can typically measure on multiple cells simultaneously. Thus, in the synchronous scenario, restricting the number of reference symbols on which neighbor-cell measurements can be carried out is less of an issue. 

The following should be noted:

· In general it can be beneficial for UEs to know whether or not the neighbor cells, i.e. cells that UEs are expected to search for, find, and measure on, are tightly synchronized to the current cell.

· Typically, but not always, the neighbor cells only include MBSFN subframes if the neighbor cells are tightly synchronized to the current cell. The only case when this will not be the case is when the current and neighbor cells belong to two different (MB)SFN areas that are not tightly synchronized to each other. It should be noted though that even if localized MBSFN areas may be relatively common and a UE may, relatively often, be at a border between two MBSFN areas, it can be expected that, in must such cases, the cells of the two MBSFN areas are still tightly synchronized to each other

· Typically the MBSFN configuration is the same between a neighbor cell and the current cell. The case when this will not happen is when the current cell and the neighbor cell belong to different MBSFN areas. Note that this situation is more common than the case above (different MBSFN areas and no synchronization between the MBSFN areas).

Thus, in order to allow for improved/simplified UE neighbor-cell search/measurements the following is proposed:

· The network should broadcast (on a per-cell basis ) if UEs within the cell can assume that the neighbor cells, i.e. the cells that UEs are expected to search for, find, and measure, on are tightly synchronized to the current cell. This information can, in general, simplify UE neighbor-cell search/measurements.

· The network should broadcast (on a per-cell basis) if UEs within the cell can assume that the neighbor-cells do not include any MBSFN subframes. This information can improve/simplify UE neighbor-cell measurements in the case when the neighbor-cell carriers do not include any MBSFN subframes as the UE can then use the full set of downlink reference symbols for the neighbor-cell measurements.

Note that tight synchronization implies tight local synchronization, i.e. that the set of neighbor cells are tightly synchronized with the current cells. It does not imply that, necessarily, the entire network is tightly synchronized.

With this information available to a UE, four cases can be identified:

· Case 1: 
Tight synchronization / MBSFN subframes

· Case 2: 
Tight synchronization / no MBSFN subframes

· Case 3: 
No tight synchronization / no MBSFN subframes

· Case 4: 
No tight synchronization / MBSFN subframes

Case 2 and 3 implies that a UE within a cell knows that it can use the full set of reference symbols in all subframes for neighbor-cell measurements. This information is especially valuable in the case when the UE cannot assume that the neighbor cells are tightly synchronized to the current cell (case 3).

Case 1 implies that a UE within the cell can not assume that it can use the full set of reference symbols of neighbor cells for neighbor cell measurements. Instead the UE needs to restrict the measurements to 

· the full set of reference symbols in subframe 0 and 5 and/or

· the reference symbols in the first OFDM symbol of each downlink subframe

However, due to the assumption of tight inter-cell synchronization, we believe that the use of a restricted set of reference symbols for neighbor-cell measurements will, in this case, not have any significant negative impact on search/measurement performance/complexity.

Similar to case 1, case 4 also implies that a UE within the cell can not assume that it can use the full set of reference symbols of neighbor cells for neighbor-cell measurements. Instead, once again, the UE needs to restrict the measurements to 

· the full set of reference symbols in subframe 0 and 5  and/or

· the reference symbols in the first OFDM symbol

Once again, it should be emphasized that we see case 4 as a scenario that occurs relatively infrequently. Thus we believe that a somewhat reduced performance, compared to case 1, 2, and 3, is acceptable (it should be noted that what is proposed does not really imply a reduced performance for case 4, but rather an improved performance for case 1, 2 and 3). 

It should also be noted that the exact set of reference symbols to actually measure on will, most likely, by up to UE implementation. Thus the proposed signaling should be seen as tools to allow for simplified/improved measurements.

As an alternative or extension to the current cell indicating to UEs within the cell that no neighbor cell includes any MBSFN subframes, one could envision that the current cell indicates if all neighbor cells have the same MBSFN configuration as the current cell. This would allow for UEs to use, for measurements, the full set of reference symbols in non-MBSFN subframes of neighbor cells. However, as we believe that the case of localized MBSFNs (still assuming synchronization between the MBSFNs) may be relatively common, the value of this signaling may be limited. Utilization of this information by the UE would also be more complicated as well as more complicated to test, taking into account the wide range of different MBSFN configurations possible. 
2. Proposals

It is proposed that 

· The network should broadcast (on a per-cell basis ) if UEs within the cell can assume that the neighbor cells, i.e. the cells that UEs are expected to search for, find, and measure, on are tightly synchronized to the current cell. 

· The network should broadcast (on a per-cell basis) if UEs within the cell can assume that the neighbor-cells do not include any MBSFN subframes. 

This information can be used by UEs within the cell to determine what reference symbols of neighbor cells can be used for neighbor-cell search/measurements.
� A non-dedicated MBMS carrier is assumed.






