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1 Introduction
RAN3 has addressed RAN1 in R1-062465 regarding synchronization and other issues in the SFN network. This contribution contains the Nokia view of the requested items as well as some examples of SFN usage scenarios.
2 RAN WG3 requests
2.1 Inform on the applicability of over-the-air synchronisation for SFN operation as an alternative to methods based on external clocks

Over-the-air synchronisation using only the LTE air interface requires that the E-NBs actively listen to each other. This implies the use of an UE receiver in E-NB as well as "measurements gaps" in radio frame. As this procedure involves additional functionalities in the E-NBs as well as interrupted signal quality for the UEs it is not Nokias preferred alternative.

UE assisted methods use UEs for listening to signature sequences from different E-NBs and measure relative time and frequency offsets with respect to the own E-NB.  The relative time differences are then send to the E-NB, which adjustes its own clock based on these. The methods rely on an uplink signaling, which is not available in all MBMS applications. UE assisted methods should be further studied and the achievable accuracy and cost estimated based on UE internal accuracy, propagation delays and UE mobility.
Over-the-air ENB-ENB synchronisation using GPS is preferred by Nokia. GPS synchronization is cost effective and has an acceptable accuracy. The drawback is indoor usage and the lack of acceptance in some countries.

Also IEEE 1588 based synchronization schemes are possible.
2.2 Inform on conditions and scenarios for the E-MBMS service without SFN operation

According to Nokia E-MBMS operation without SFN operation should happen as single cell operation. Cell specific content shall be possible to deliver on shared and MBMS dedicated carriers.
2.3 Inform on Maximum E-MBMS cell range

According to Nokia's view the long cyclic prefix (16.6 us) allows for inter size distances up to 10 km but it is still unclear whether cells of this size can provide the coverage for high capacity service. More discussions regarding the MBMS capacity are needed.
2.4 Inform if the set of E-MBMS E-NBs participating in the SFN transmission for a service is expected to be fixed or dynamic.

A rather static solution is prefered. Reusing MBMS cells into unicast transmission is not feasible in small islands. Reuse would require at least an island of 7 cells, from which the middle one could send unicast data others cells (or more generally, in larger islands the border cells) being switched off (somewhat depending on the inter-size-distance). Another alternative is to switch off cells at the SFN border if no users exist nearby. However, these features are problematic if terminals enter to the area.
The benefit of switching off cells on the SFN border would be decreased interference in the neighboring SFN. The real potential benefit, extension of range of the neighboring SFN, would only be realized, if there is an MBMS terminal in a suitable position to utilize the improved reception. Since such extension of range is, however, not stable, it cannot be relied on to improve MBMS coverage. For real extension of coverage, either a single larger SFN area or separate frequency layers should be used.
2.5 Inform whether RAN1 can foresee any cases where SFN operation would require to synchronise also cells transmitting in Unicast only
Unicast only operation does not require inter-cell synchronisation so there is hardly a need from the Unicast perspective to synchronise to the SFN
2.6 Inform whether synchronisation is necessary for E-NBs that temporarily do not participate in SFN operation and whether there is any benefit of turning off the E-MBMS transmission of some cells in the synchronization capable area (i.e, SFN area)

During the time that the E-NB doesn't participate in SFN operation it is not necessary for it to be synchronized. However, since re-joining the SFN would require re-alignment of the timing of the E-NB resulting in loss of capacity, it is not recommended to do this frequently. In general E-NB:s that are configured to participate in SFN operation, even occasionally, should remain synchronized to the SFN.
At the SFN border area, in some cases it could beneficial to temporarily switch off some cells in SFN 1 to decrease interference experienced by SFN 2 (which uses the same frequency), if no users exist even near these border cells. However, this might require too dynamic counting procedure.
3 Some examples of MBMS usage scenarios
There are two deployment options for the network wide MBMS service areas: one very large SFN area or several smaller (local) SFN areas.

In case the whole MBMS service area is one SFN area, the terminal will see all the transmitting cells as one big cell. This, however, will require all the cells of the MBMS service area to be time synchronized.  

In case the MBMS service area consists of several SFN areas, the neighboring SFN areas should be operating on different central frequencies. In case the same central frequency is used asynchronously, there will probably be some limitations in the service continuity across the SFN area borders.

If the multi-cell MBMS synchronization area is much larger than the localized MBMS service area, so that a guard area reducing interference levels can be large enough, there might be an interest to utilize the same radio resources outside the localized MBMS service area to some other MBMS traffic or for unicast traffic.
In certain areas in the network there might be a need to provide more parallel MBMS services than what can be offered with one carrier. For such a scenario hierarchical SFN operation shall be possible. The cells of overlapping SFN areas shall operate on different carriers.
Figure 3‑1, Figure 3‑1, Figure 3‑3 and Figure 3‑4 show some different usage scenarios.
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Figure 3‑1. Network wide MBMS service



Figure 3‑2. Localized MBMS service
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Figure 3‑3. Reuse of MBMS radio resources
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Figure 3‑4. Overlapping SFN areas
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