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1 Discussion

At the end of the discussion on LTE measurements during RAN WG1#49, the following conclusions were reached concerning measurements in the potential presence of MBSFN subframes:

I. UE is informed by higher layers of the serving cell about which subframes in the serving cell are used for MBSFN transmission

a. Details of the signalling are FFS. This information is not on the P-BCH.

II. For the neighbouring cells, two solutions are considered further:

a. UE is informed by the serving cell whether UE can assume that no MBSFN subframes are present in all neighbouring cells.

b. UE is informed by the serving cell whether UE can assume that all neighbouring cells have the same MBSFN subframe allocation as the serving cell.

i. Details of the signalling are FFS. This information is not required by RAN1 to be on the P-BCH.

In selecting between Option II.a and II.b, there are a number of important criteria. First, in terms of signalling load, it is clear that both approaches signal a single bit of information and accordingly the impact on downlink signalling traffic is minimal in both cases.

A second consideration is the respective efficiency in making available unicast reference symbols in the target cell for measurement that would not otherwise be available, thereby enabling UE power consumption reduction since the same measurement accuracy can be achieved for a smaller radio subsystem activation period. In cases where a large fraction of downlink subframes are configured for MBSFN use there is little distinction between the two approaches. Nevertheless, where the fraction of subframes allocated to MBSFN use is small, and where all of the cells over a wide area are using precisely the same MBSFN subframe pattern, Option II.b may offer some slight advantage. However, this advantage is largely eliminated in cases where the network intentionally converges MBSFN traffic onto a specific frequency layer or carrier.

Nevertheless, Option II.b is rendered considerably more complex by the need to determine the state of the indicator by comparing the MBSFN configuration of the serving and neighbour cells. This could be done via inter-eNB communication over the X2 interface, but the connection fabric could be complex and unwieldy. Alternatively, and more efficiently, the indication used at each eNB could be generated by the Multi-cell/multicast Coordination Entity (MCE). In this mode, the indication could be centrally determined and distributed to the eNB’s participating in the SFN, i.e. by exploiting the underlying MCE definition [1] that:

The MCE functions shall include:

-          Allocation of the radio resources used by all eNBs in the SFN area for multi-cell MBMS transmissions using SFN operation. Besides allocation of the time/ frequency radio resources, this also includes deciding the further details of the radio configuration e.g. the modulation and coding scheme

Nevertheless, the approach of using the MCE is problematic when more than a single SFN is configured. In this case, an interface between MCE’s would need to be defined to transport the necessary information. A further problem for the case of central coordination of the indicator arises when dynamic SFN’s are considered. In this case, even if a single SFA is configured and the per-cell indicators are continuously updated by the MCE, the UE would be required to continuously monitor signalling on the serving cell to determine whether the indication had changed due to a modification of a nearby local SFN. For UE’s executing measurements in RRC_IDLE mode, this would have a significant impact on power consumption.

Further, determining – in the absence of a neighbour list – which cells should even be included in the set of cells to be compared when establishing the state of the indicator (i.e. the equivalency of the serving cell MBSFN pattern with those of all observable neighbour cells) seems to be challenging. Here, establishing the set of observable neighbour cells to be included in the set of cells used to determine the state of the indicator would be equivalent to constructing a neighbour list for each eNB, which restores a requirement to execute neighbour list planning which has already been eliminated from RRC in LTE.

Accordingly, Option II.a appears to be significantly simpler than Option II.b in terms of network coordination, the avoidance of neighbour list construction for indicator state determination and impact on UE power consumption. 

In determining a means to transport the indicator, RAN WG1#49 reached an initial conclusion that the indicator should not be transported on the P-BCH. It is worth noting, however, that the indicator comprises only a single bit and so would have minimal impact if included in the P-BCH transport block. A further potential opportunity is created should the UE be required to read the MIB of target cells prior to processing measurements of those target cells for RRC purposes. In this case, the indicator would indicate whether each target cell was transmitting MBSFN subframes, thereby permitting the UE to optimise measurement processing on a per-cell basis, rather than over the entire frequency layer or carrier. However, mapping the indicator onto the D-BCH would avoid any additional load on the P-BCH, is in line with the conclusion in RAN WG1#49 and is preferred.
2 Conclusion

Signalling that the UE can assume that no MBSFN subframes are present in all neighbouring cells is significantly simpler than alternative approaches in terms of network coordination, avoiding neighbour lists and minimising UE power consumption.
Accordingly:

a) it is proposed to adopt Option II.a (i.e. UE can assume that no MBSFN subframes are present in all neighbouring cells) as the baseline approach to MBSFN subframe indication

b) the required signalling is minimal, and may be transported on either the P-BCH or preferably  on the D-BCH.

c) Option II.a would apply to the inter-frequency case without modification. That is, the indication bit is included in the inter-frequency measurement direction message

d) Should UE’s be required to read the MIB of target cells prior to RRC processing, Option II.a may be enhanced to indicate whether MBSFN subframes are transmitted by each neighbour cell, permitting per-cell optimisation of measurement opportunities. In this case the indicator could be borne on the P-BCH
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