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1. Introduction

Although the synchronization signal and physical broadcast channel have been almost finalized for unicast and mixed carrier, those have been rarely discussed for dedicated MBMS carrier. The MBSFN transmission is likely to be used in dedicated MBMS carrier. In [1], it was proposed that P-BCH and P/S-SCH enable dedicated MBMS carrier to be an MBSFN-only carrier. In order to achieve that, it was proposed to specify another PSC which is common to all cells to indicate dedicated MBMS carrier and to use cell group ID from S-SCH as MBSFN area ID. However, the detail on SCH structure has not been treated yet. In this contribution, we discuss some alternatives of SCH structure for dedicated MBMS carrier.
2. Preliminary 

Before discussing some options of SCH structure for dedicated MBMS carrier, we will briefly review the current frame structure both for unicast/mixed carrier and for dedicated MBMS carrier as described in [2]. For unicast/mixed carrier, we will treat extended CP case only for convenience.
Figure 1 shows the frame structure for unicast/mixed carrier in case of applying extended CP. The 10ms radio frame consists of ten 1ms-subframes and each subframe includes two 0.5ms-slots. There are six OFDM symbols within a slot. P-SCH, S-SCH, and P-BCH are located within central 72 subcarriers (1.08MHz not considering DC subcarrier) in frequency domain, in which the subcarrier spacing for unicast/mixed carrier is 15kHz. In time domain, P-SCHs and S-SCHs are located in the last and in the second last OFDM symbol in 0th/10th slot, respectively. P-BCH spanning to four OFDM symbols around SCH is located only in 0th subframe.
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Figure 1 Frame structure for unicast/mixed carrier (extended CP case)
Figure 2 shows the frame structure for dedicated MBMS carrier. The 10ms radio frame consists of ten 1ms-subframes and each subframe includes two 0.5ms-slots. All of P-SCH, S-SCH, and P-BCH might be located within central 144 subcarriers (1.08MHz not considering DC subcarrier) in frequency domain, in which the subcarrier spacing for dedicated MBMS carrier is 7.5kHz. The time positions on P-SCH, S-SCH, and P-BCH are not illustrated in this figure.
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Figure 2 Frame structure for dedicated MBMS carrier
3. Discussion on the options of P/S-SCH for dedicated MBMS carrier

In this chapter, we discuss three options of P/S-SCH structure for dedicated MBMS carrier. 
3.1 Option 1
Figure 3 shows Option 1 of P/S-SCH and P-BCH structure for dedicated MBMS carrier. P-SCH is located in the last OFDM symbol within a slot, and S-SCH is located in the second last OFDM symbol as defined in case of unicast/mixed carrier. When P-BCH occupies the central 144 subcarriers (1.08MHz), two OFDM symbols (=144 sc*2 OFDM symbols) could be one possibility to match with unicast/mixed carrier case (=72 sc*4 OFDM symbols). Therefore, only two P-BCH symbols were illustrated in this figure as an example. Since S-SCH is overlapped with RS at 1st OFDM symbol, RS should be punctured by S-SCH. 
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Figure 3 Option 1
With this structure, the detailed P-SCH mapping could follow that of unicast/mixed carrier. In other words, 63-length ZC sequence for unicast/mixed carrier could be mapped into every other subcarrier (in multiple of 15kHz), in which its physical mapping in frequency domain is exactly same as that in case of unicast/mixed carrier. As a result, however, it has 2x repetitive waveform in time domain which had been already ruled out in RAN1. Therefore, we will not discuss 2x repetitive structure in this paper. We only consider N-length ZC sequence is mapped into every subcarrier (in multiple of 7.5kHz) not to have repetitive waveform, in which its physical mapping in frequency domain is more or less different from that of unicast/mixed carrier. Therefore, a new definition of PSC would be required. Some examples for PSC mapping are illustrated in Figure 4.
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Figure 4 Example of PSC mapping for Option 1
The pros and cons in Option 1 are summarized as follows;
Pros

· It can maintain the commonality with unicast/multicast carrier in the perspective of OFDM symbol location.

· Dedicated MBMS carrier can be identified in PSC detection step. Therefore, all channels including P/S-SCH and P-BCH can be transmitted as MBSFN.
Cons
· Compared with that in unicast/mixed carrier, the overall overhead for P/S-SCH is doubled. 
· Since RS should be punctured by S-SCH (<0.96MHz), the channel estimation for MBSFN within central 144 subcarriers (1.08MHz) could not be performed effectively in spite of being able to use P/S-SCH as a phase reference for channel estimation.
· Because the P-SCH structures for unicast/mixed carrier and dedicated MBMS carrier are different, the serial detector for them is required. Therefore, the complexity of UE will be increased.
· Considering that the tolerance of current commercial TCXO widely used in mobile communications is typically within (5ppm, the initial frequency offset could be (10kHz at 2GHz carrier frequency. This can result in severely negative effect in terms of time/frequency synchronization because the subcarrier spacing for dedicated MBMS carrier is 7.5kHz. In other words, time/frequency synchronization process will not work at all in case of large frequency offset such as 10kHz which is larger than subcarrier spacing.
3.2 Option 2
Figure 5 shows Option 2 of P/S-SCH and P-BCH structure for dedicated MBMS carrier. The time locations of P/S-SCH and P-BCH are same as those of Option 1. The occupied bandwidth for P/S-SCH is not more than 0.48MHz which is half of the case in unicast/mixed carrier (0.96MHz). The outside band of central 0.48MHz can be utilized as MBMS data service. Since S-SCH is overlapped with the 1st RS similar to Option 1, RS should be punctured by S-SCH. One of possible sequence length could be 63 just like unicast/mixed carrier case. In addition, even when the same PSC defined in unicast/mixed carrier is used, it would not require any additional PSC definition due to the fact that two signals can be regarded as different signals from different subcarrier spacing. That is, PSCs for unicast/mixed and for dedicated MBMS can be identified by the SCH structure itself. 
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Figure 5 Option 2
The pros and cons in Option 2 are summarized as follows;

Pros

· The overall overhead for P/S-SCH is same as that in unicast/mixed carrier. 
· It can maintain the commonality with unicast/multicast carrier in the perspective of OFDM symbol location.

· Dedicated MBMS carrier can be identified in PSC detection step regardless of whether defining a new PSC or not. Therefore, all channels including P/S-SCH and P-BCH can be transmitted as MBSFN.
· The outside band of reduced P-SCH and S-SCH can be transmitted by MBSFN data.
Cons
· Since RS is to be punctured by S-SCH (<0.96MHz), the channel estimation for MBSFN within central 144 subcarriers (1.08MHz) could not be performed effectively in spite of being able to use P/S-SCH as a phase reference for channel estimation.
· Because the P-SCH structures for unicast/mixed carrier and dedicated MBMS carrier are different, the serial detector for them is required. Therefore, the complexity of UE will be increased.
· Timing resolution would be decreased due to smaller bandwidth, but it would rarely affect the performance.

· Regarding initial frequency offset problem, the same problem as Option 1 occurs in Option 2 due to small subcarrier spacing. That is, time/frequency synchronization process will not work at all in case of large frequency offset such as 10kHz which is larger than subcarrier spacing.
3.3 Option 3
Figure 6 shows Option 3 of P/S-SCH and P-BCH structure for dedicated MBMS carrier. The last OFDM symbol in a slot in which the symbol duration is 4096Ts is divided into two parts; P-SCH and S-SCH symbol. Each OFDM symbol and CP for P/S-SCH is, respectively, to be 2048Ts and 512Ts. In other words, the transmit structure of P/S-SCH for dedicated MBMS carrier is same as that for unicast/mixed carrier with extended CP and the subcarrier spacing for P/S-SCH symbols is 15kHz. To add only one PSC index with same length and structure as unicast/mixed carrier will be sufficient because SCH has the same structure as unicast/multicast. That is, no additional different detect operation for dedicated MBMS is not required because the PSC indices both for unicast/mixed carrier and dedicated MBMS can be detected simultaneously. In addition, if we define the ZC index to satisfy conjugate symmetry e.g., u=38(=63-25), the complexity will be rarely increased via one-shot correlator with u=25 [3][4]. Also, because RS is not punctured by S-SCH, the channel estimation within 144 subcarriers can be effectively performed for MBSFN. 
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Figure 6 Option 3
The pros and cons in Option 3 are summarized as follows;

Pros

· The overall overhead for P/S-SCH is same as that in unicast/mixed carrier. 
· It can maintain the commonality with unicast/multicast carrier in the perspective of OFDM symbol location.

· Dedicated MBMS carrier can be identified in PSC detection step with an additional PSC index while maintaining same P/S-SCH structure as unicast/mixed carrier. In addition, in the root index selection satisfying conjugate symmetry, searching the dedicated MBMS flag can be done together with searching PSCs in unicast/mixed carrier without additional complexity. After all, all channels including P/S-SCH and P-BCH can be transmitted as MBSFN.
· Because its subcarrier spacing is 15kHz which is same as unicast/mixed carrier, there is no problem in terms of initial frequency offset even with (5ppm frequency offset.

· Because reference signal is not punctured by S-SCH, there is no interpolation problem on channel estimation within central 144 subcarriers, differently from Option 1 and Option 2.

· P/S-SCH can be reused as phase reference for central 0.96MHz.
Cons
· Because the CP duration in the OFDM symbols at P-SCH and S-SCH is halved to other OFDM symbols, MBSFN gain might be slightly degraded in these OFDM symbol. However, because it has below ~3.33% and the 1st OFDM symbol (~72 subcarriers) can be transmitted by MBSFN data differently from Option 1, the overall throughput might not be decreased.
4. Conclusions

In this contribution, we discussed the transmission of P-SCH, S-SCH and P-BCH for dedicated MBMS carrier. Based on above discussion, we recommend Option 3 (Figure 6 in section 3.3) which means the same transmit structure and subcarrier spacing (15kHz) of P/S-SCH for dedicated MBMS carrier as that for unicast/mixed carrier with extended CP.
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