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1
Introduction

The details of P-BCH, P-SCH and S-SCH are quite close to be completed for unicast/mixed carrier, however, dedicated MBMS carrier aspects have not been treated almost at all. In dedicated MBMS carrier case, the main use case is clearly MBSFN transmission. On the other hand, this should not rule out single-cell transmissions. In this contribution we raise some issues related to the transmission of P-BCH and synchronization signals in case of dedicated MBMS carrier and propose some solutions to those.
2
P-BCH transmission on dedicated MBMS carrier
Since the main use case of dedicated MBMS carrier is MBSFN transmission, it is obvious that there should be a possibility of having all subframes as MBSFN subframes. At the moment, for unicast/mixed carrier there is a limitation that subframes #0 and #5 can not be MBSFN subframes. Obviously, this limitation should not be applied to dedicated MBMS carrier for that would waste capacity. Such a limitation in dedicated MBMS carrier case is not even needed since there is no need to have subframes that can always be used for (unicast) measurements. So, some modifications are needed to transmission principles of P-BCH, P-SCH and S-SCH and the related subframe #0/#5 structure in order to support dedicated MBMS properly.

If all data transmitted on the dedicated MBMS carrier is transmitted as MBSFN transmission, it would make sense to have also P-BCH and synchronization signals MBSFN-transmitted. Still, there should be a possibility for single-cell transmissions: even without actual single-cell services there might be a need for single-cell transmissions – for example for MCCH transmission needs (MCCH transmission principles are at the moment being discussed in RAN2). One thing to be considered is what the concept of cell should mean in case of dedicated MBMS carrier. Finally, ideally the features added to support dedicated carrier MBMS should have as little impact as possible to UE implementation.
Taking the above discussion into account, some possible solutions on P-BCH, P-SCH and S-SCH transmission are given below:

Solution 1) Subframes #0 and #5 – otherwise filled with MBSFN data - are punctured by single-cell P-BCH, P-SCH and S-SCH. This would not only be against the existing agreement not to multiplex single-cell transmission and MBSFN transmission in the same subframe, but would also make MBSFN channel estimation more complicated in subframe #0, because the P-BCH and the needed cell-specific reference signals would puncture also some MBSFN reference signals away, thus making MBSFN channel estimate interpolation within the 72 center subcarriers impossible. On the other hand, the UE would acquire cell IDs exactly in the same way as in unicast/mixed carrier and thus have knowledge of the cell-specific reference signals etc. needed to receive single-cell transmissions in the same way as in unicast/mixed carrier. In this case, the information about the carrier type should be informed to the UEs in either P-BCH or D-BCH since otherwise the UE would have no knowledge about whether the carrier is normal unicast/mixed carrier of dedicated MBMS carrier.
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Figure 1. Illustration of subframe #0 structure in case of option 1. Here, P-BCH, P-SCH, S-SCH and cell-specific reference signals puncture the MBSFN-transmitted data and reference signals. 
Solution 2) Only P-SCH and S-SCH are transmitted as single-cell transmission (puncturing MBSFN subframe) – this way the UE can acquire the cell ID always. P-BCH is transmitted as MBSFN transmission using MBSFN reference signals (note that P-BCH contents will be the same for the whole MBSFN area). Here, the cell-specific information needed for single-cell transmissions is again acquired as in unicast/mixed carrier. The major drawback is that the UE has to perform blind detection of the MBSFN reference signals in order to decode P-BCH. In fact, this would affect also UEs with no dedicated MBMS capability since they would also have to detect the carrier type from the reference signals (i.e. whether cell-specific or MBSFN reference signals are present).
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Figure 2. Option 2: here only the SCHs are single-cell transmitted.

Solution 3) In addition to P-BCH, transmit also P-SCH and S-SCH as MBSFN transmission. As mentioned, P-BCH contents will anyway be common to the whole MBSFN area – and P-SCH and S-SCH formats can be made common (see next section). The drawback is that one more P-BCH format is needed. Also, as in this solution P-SCH and S-SCH will be made common to all cells in the MBSFN, there is no direct access to individual cell IDs and thus no knowledge about the cell-specific reference signals used in the cells that are participating to the MBSFN. Single-cell services may be realized by MBSFN areas consisting of only one cell.
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Figure 3. In option 3 everything is MBSFN-transmitted.

Approach 3 seems to be the most feasible one since it is a straightforward extension of the unicast/mixed carrier procedure to dedicated MBMS carrier and naturally fits the scenario since the main use case of dedicated MBMS carrier is MBSFN transmission. The only problem that this approach has is that single-cell transmissions are realized with an MBSFN of one cell. This should not be a major problem since single-cell transmissions are not expected to be that common. Anyway, it should be discussed what the meaning of cell actually is in dedicated MBMS carrier case and would it be enough to just have MBSFN area IDs instead. As discussed in RAN2, overlapping MBSFN areas – such as in Figure 4 – need to be supported. This easily leads to a scenario where the MBSFN area transmitting P-BCH really has to consist of only one cell (the same applies then to D-BCH and primary MCCH). Still, with solution 3 all MBSFN area configurations can be supported: for example in the scenario of Figure 4 below, MBSFN areas 1-3 would transmit P-BCH each with their own reference signals and scrambling codes. The way to acquire access to the overlay MBSFN area 4 would then be through the primary MCCH which would also be specific to MBSFN areas 1-3.

From MBSFN transmission one would typically expect to get MBSFN gain that would enable significant capacity gains. However, we note that it is not totally obvious that MBSFN transmission of P-BCH will give capacity gains to P-BCH due to MBSFN gain: The MBMS synchronization area may contain several different MBSFN areas with inter-MBSFN interference. Whereas the service continuity scenarios (currently under discussion in RAN2) may not require inter-MBSFN mobility and thus also coverage to be optimized, for the control channels such as the MCCH the coverage should be maximized. This is illustrated in Figure 4 where MBSFN areas 1-3 are overlaid by a larger MBSFN area 4: here the P-BCH as well as the MCCH is transmitted via MBSFN areas 1-3 – thus in order not to limit the coverage of MBSFN area 4, P-BCH coverage should be designed according to the worst case scenario. Thus we propose that the same requirements are valid for dedicated MBMS carrier P-BCH as for unicast/mixed carrier P-BCH, meaning 1% FER with 98% coverage when interference from neighboring MBSFN areas is taken into account.
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Figure 4. Illustrating the configurations that need to be supported by the P-BCH. Here, it may be that the MBSFN gain can not be fully utilized due to inter-MBSFN interference because the coverage should anyway be maximize for the control channels – including e.g. MCCH in addition to P-BCH.
Based on the discussion above, we have the following proposals:
Proposal 1: We propose that RAN1 agree on having the primary BCH as well as the synchronization signals transmitted as MBSFN transmission in case of dedicated MBMS carrier.

Proposal 2: We propose that RAN1 discuss and decide about the coverage requirement for this multi-cell P-BCH. Our proposal is to have similar requirements as for unicast case: P-BCH should have 98% coverage (with 1% FER) when interference from neighboring MBSFN areas is taken into account.
3
Enabling multi-cell transmission of P-BCH
If P-BCH is MBSFN-transmitted, then obviously the MBSFN reference signals need to be used in order to enable proper channel estimation for P-BCH. In the initial synchronization, the UE may have no knowledge about the carrier, i.e. whether it is a unicast/mixed carrier or dedicated MBMS carrier, and thus may also have no knowledge about the transmission principles of P-BCH and reference signals used for that. Unless the P-BCH format is determined blindly, this information needs to be provided to the UE before it attempts to decode P-BCH. Still, it is desirable to maintain commonality with unicast as much as possible.
3.1
P-SCH
An obvious way to indicate dedicated MBMS carrier and MBSFN transmission of SCHs and P-BCH is to specify an additional P-SCH sequence for this purpose. So, the UE would use the three already defined sequences for unicast cell search and this additional sequence for searching dedicated MBMS carriers. We emphasize that the search for this additional sequence need not be done in parallel with the three unicast sequences – it can be done serially e.g. after the unicast search. And although the neighbour cell search also utilizes the primary synchronization signal, it is not a time-critical operation and thus the search for dedicated MBMS carrier can be done using the same hardware (i.e. time-multiplexed). Hence, from implementation point of view adding one sequence should not be a big burden.
We also note that there is no need to group the MBSFN area IDs as is done in case of unicast cell IDs, so one additional P-SCH sequence should be enough.

Proposal 3: We propose that one more Zadoff-Chu sequence is added to the specification of primary synchronization signal to indicate transmission of dedicated MBMS carrier and thus multi-cell transmission of P-BCH and synchronization signals.
3.2 S-SCH
S-SCH should then also be MBSFN-transmitted. The information carried in S-SCH can still be the same with the exception that instead of cell ID it carries an MBSFN area ID, i.e. an ID common to all cells participating in the MBSFN. Radio frame timing is carried as in unicast side. The number of needed MBSFN area IDs is FFS. There may be a similar mapping between MBSFN area IDs and MBSFN reference signals and scrambling codes as there is between cell IDs and cell-specific reference signals and scrambling codes in unicast/mixed carrier case.
Proposal 4: S-SCH format may remain the same with the exception that cell IDs are interpreted as MBSFN area IDs, and all cells participating in the MBSFN transmit identical S-SCH. We propose also that RAN1 discuss whether the number of S-SCH hypotheses should be reduced by reducing the number of needed MBSFN area IDs (from 170).
4
Conclusions

We have proposed simple additions to the P-BCH and synchronization signals that enable dedicated MBMS carrier to be an MBSFN only –carrier. The proposals in this contribution are summarized as follows: 
· To gain access to dedicated MBMS carrier, the UE searches for MBSFN areas using a P-SCH sequence that is specified separately from the sequences used for unicast/mixed carrier cell search. This P-SCH is common to all cells and thus MBSFN-transmitted.

· S-SCH is also MBSFN-transmitted. The structure of S-SCH can be the same as in unicast/mixed carrier, but cell ID is interpreted as MBSFN area ID. The number of needed IDs is left FFS in this contribution.

· Primary BCH is transmitted as MBSFN transmission using MBSFN reference signals.

The proposals also imply that in dedicated MBMS carrier the concept of a cell is lost. Instead, there are MBSFN areas (that may in a special case consist of only one cell if needed).
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