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1. Introduction
Although the details of P-SCH and S-SCH have been almost finalized for unicast and mixed carrier, 7.5 kHz spacing dedicated MBMS carrier has not been sufficiently discussed. 
In this contribution the SCH design for dedicated carrier with 7.5 kHz sub-carrier spacing is discussed. Three kinds of solutions are provided and analyzed.
It is proposed to applying 7.5k Hz carrier spacing and 33.33us CP characteristic in SCH for 7.5 kHz case, which would guarantee the large cell coverage which was the motivation for the small sub-carrier spacing, and reuse the same PSC/SSC sequences as in 15 kHz case, and thus allowing the reuse of the correlator structures.
2. Characteristics of 7.5 kHz dedicated MBMS carrier
The larger cell coverage in the case of MBSFN transmission was the main reason of introducing 7.5 kHz sub-carrier spacing with increased CP length. It was shown in [3][4] that when the cell radius is less than 2.5 kilometer, the 16.67us CP length is enough, but when cell radius is larger than 5 kilometer, where the SFN-composite channel delay spread is too large that 16.67 us CP length does not work well.
The characteristics of 7.5 kHz spacing dedicated MBMS carrier are briefly reviewed as follows [1].

1) In the frequency domain, the sub-carrier spacing for dedicated carrier is 7.5 kHz, which is half of  the normal case (15k Hz).
2) In the time domain, both the symbol length (4096Ts) and CP length (extra long CP, 1024Ts) for 7.5 kHz numerology are twice as that for 15 kHz numerology with long CP. There are three OFDM symbols within a slot for the former, and six OFDM symbols for the latter.
3) There is reference signals transmitted in every other OFDM symbols. 
So if PSC and SSC are located in two consecutive symbols, the RS has to be punctured by PSC/SSC in the central subcarriers, where the channel estimation could not be performed effectively as described in [2].
3. SCH design solution for 7.5k Hz case
Considering the Characteristics of 7.5 kHz spacing dedicated MBMS carrier, the possible solutions for  SCH design are discussed as follows. 
Solution 1 and solution 2 are proposed to reuse the same PSC/SSC sequences in the 7.5 kHz case as in the 15 kHz case, allowing the reuse of correlator structures, while solution 3 focuses on managing the high frequency offsets at the cost of coverage by applying 15 kHz spacing with shorter CP length.

3.1 Solution 1

In solution 1, both PSC and SSC are located in the last OFDM symbol within the slot 0 and slot 10, multiplexed in frequency domain. The sequence for PSC is the same as for 15 kHz carrier, mapped on every consecutive 7.5 kHz carrier, occupying the central 0.48 MHz bandwidth. SSC sequence is also the same as for 15 kHz carrier, bordering on and mapped outside of PSC. PSC plus SSC occupy the central 0.96 MHz or 1.08M Hz bandwidth, as shown in Figure 1.
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Figure 1 Solution 1: PSC and SSC are FDM in last OFDM symbol
In solution 1, there are two alternatives: (a) PSC and SSC are bordered with one virtual sub-carrier and PSC plus SSC occupy the central 0.96 MHz bandwidth; (b) PSC and SSC are bordered with nine virtual sub-carriers, and PSC plus SSC occupy the central 1.08 MHz bandwidth. Virtual sub-carriers are reserved and not used. Alternative (b) may perform better considering the possibility of integral frequency offset, or considering the roll-out of the filter. 

3.2 Solution 2
As shown in figure 2, PSC and SSC are located in the last and first OFDM symbol of slot 0 and slot 10, multiplexed in the time domain. Both sequences of PSC and SSC are the same as for 15 kHz carrier, mapped on every consecutive 7.5 kHz carrier, occupying the central 0.48 MHz bandwidth. 
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Figure 2 Solution 2: PSC and SSC are TDM on two OFDM symbol in one slot
Advantages of solution 1 & 2:
1) It maintains the commonality with 15 kHz carrier in PSC/SSC sequence definition, which means reusing the same PSC/SSC sequence(s) for 15kHz carrier, and allowing reusing the same correlator structures, so that the hardware resources consumption for correlator won’t be increased.
2) 7.5k Hz dedicated MBMS carrier can be identified in PSC detection step.
The same PSC sequence results in different signals for different sub-carrier spacing carriers. Different sub-carrier spacing can be detected using the same sets of correlators with different sampling rates, i.e., the halved sampling rate could be adopted for 7.5 kHz carrier. 

3) The CP length of all symbols maintains 33.33us, which guarantee cell coverage of the 7.5 kHz dedicated MBMS carrier.

4) RS puncture can be avoided.

Disadvantages of solution 1 & 2:
1) SSC could not use PSC as phase reference for channel estimation, only non-coherent demodulation can be operated on S-SCH.
Considering SNR may be rather large for SFN scenario, if it is relatively high, there would be not much difference between non-coherent and coherent detection, at least not in cell search performance. Another motivation for non-coherent detection could be large frequency offsets, which makes coherent detection less suitable. So it is acceptable of not applying coherent S-SCH detection.
2) Timing resolution would be decreased due to smaller bandwidth, but the performance would rarely be affected, as mentioned in [2].
3) Initial frequency offset problem becomes more serious due to small sub-carrier spacing. However it is an implementation detail that can be handled by either using more expensive oscillators or using more complex frequency offset estimation algorithms. 
Given the tolerance of TCXO, it is more prone to bring integral part frequency offset for 7.5 kHz case. For example, (5ppm frequency offset in 2 GHz frequency carrier would bring about maximal 10 kHz offset. UE could not only process fractional frequency synchronization, but also integral frequency synchronization, which would increase complexity for UE. 

However, this is not a peculiar problem of 7.5 kHz case. For instance, when frequency carrier is above 3.5 GHz, which was introduced into LTE [6], (5ppm offset would exceed the sub-carrier spacing of 15 kHz. Another case in point is that industry adopts 10ppm oscillator for low class UE, where integral frequency synchronization has to be done. 
So the problem becomes an implementation issue, could be solved by applying more stable oscillator, such as (2.5ppm, or by implementing frequency offset estimation algorithms dealing with integral frequency offset.
3.3 Solution 3
Solution 3 [2] is shown in figure 3, in which the last OFDM symbol in slot 0 and slot 10 containing SCH, where the original symbol with duration 4096Ts+1024Ts, is now divided into two parts for PSC and SSC, and each part contains an OFDM symbol with length of 2048Ts and its CP with length of 512Ts. In other words, the transmitting structure of the symbols containing P/S-SCH is the same as that for 15k Hz carrier, with 16.67us extended CP duration and 15k Hz subcarrier spacing.
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Figure 3 Solution 3: the last OFDM symbol contain PSC and SSC is divided into two parts
Advantages of solution 3:

1) It maintains the commonality with 15 kHz carrier in SCH design
2) RS puncture can be avoided.
3) Timing resolution would not be decreased.

4) No additional initial frequency offset problem.

Disadvantages of solution 3:

1) Because CP duration in the OFDM symbols containing P-SCH and S-SCH is halved to other OFDM symbols, and these symbols are also used for data transmission, UE at cell edge may encounter coverage problem. It is noted that this problem can not be compensated by similar means as that used for compensating frequency offset problem in solution 1/2.
2) 7.5k Hz subcarrier spacing could not be identified in PSC detection step. Additional techniques may be needed, for instance, blind decoding of BCH or higher-layer signaling in the unicast cell, which may not be problematic. 
4. Conclusion 
According to above discussion, it is proposed to take solution 1 or 2 as SCH scheme for 7.5 kHz spacing dedicated MBMS carrier, to reuse the existent PSC/SSC sequences, while to meet the coverage requirement of 7.5kHz numerology:
- keep 7.5 kHz sub-carrier spacing and 33.33us CP duration for PSC/SSC; PSC and SSC are FDM or TDM;
- reuse the same PSC/SSC sequences and the same correlator structures as for 15 kHz spacing carrier.
With such kind of solution, the coverage requirement could be guaranteed. And the problem of frequency offset is an implemental issue that does not exist only in 7.5 kHz DC scenario.
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