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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 and compare some alternatives of SCH structure for dedicated MBMS carrier via system level simulation.
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]. We will treat extended CP structure for unicast/mixed carrier and the structure of 
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 for dedicated MBMS carrier, of convenience although it does not have those restrictions. 
Figure 1 shows the frame structure for unicast/mixed carrier in case of applying extended CP with 15kHz numerology. 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) of 15kHz numerology. 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 due to ambiguous peak. 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 (eg. 127 length ZC sequence) 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 to unicast/mixed carrier by its different SCH structure in PSC detection step. As a consequence, 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). 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 such as u=25, 29, 34 from 63 length ZC, it would not require any additional PSC definition due to the fact that those signals can be regarded as different ones from those of 7.5kHz numerology. That is, in case of 7.5kHz numerology, PSCs for unicast/mixed and for dedicated MBMS can be identified by the SCH structure itself. 
[image: image6.emf]10 ms radio frame

1 ms subframe

w. dedicated MBMS mode

0.5 ms slot

4096 Ts

1024 Ts

Ts=1/(7500*4096)

    =1/(15000*2048) [sec]

1

0 CP

4096 Ts

1024 Ts

1 CP

4096 Ts

1024 Ts

CP

Reference signal

P-SCH

S-SCH

P-BCH

2

2 2

0 0 1 1 2 2

0 0 1 1 2 2

Inside band transmitting P/S-SCH and P-BCH

Outside band transmitting MBMS data

1

.

.

.

.

.

.

0 0

F

r

e

q

u

e

n

c

y

Time

Subframe which includes 

P/S-SCH and P-BCH

Both for inside (P/S-SCH, P-BCH) and 

for outside (MBMS data)

2 1

2 1


Figure 5 Option 2
The pros and cons in Option 2 are summarized as follows;

Pros

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

· Dedicated MBMS carrier for 7.5kHz numerology can be identified in PSC detection step by means of the different subcarrier spacing itself regardless of whether defining a new PSC or not. Therefore, all channels including P/S-SCH and P-BCH can be transmitted as MBSFN.
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. The durations of OFDM symbol and CP for P/S-SCH are, 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 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 central 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.
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 at these OFDM symbols in such case. However, because it happens only in P/S-SCH OFDM symbol below ~3.33% occurrence. Rather, the additional 2nd OFDM symbol (~54 subcarriers), which is symbol number ‘1’, can be transmitted by MBSFN data differently from Option 1, the overall throughput will not be decreased.
4. Simulation results
In this chapter, we evaluate above Options via system level simulation. The overheads for reference signal and synchronization signal were taken into account, and it was assumed that data traffics are transmitted in all other resources. Option 1 and Option 2 will show the same spectral efficiency because we assumed the central 1.08MHz which corresponds to 6RBs in 15kHz numerology to be assigned only for synchronization signals including null subcarriers. In general, we follow the simulation requirement as indicated in [6]. More detailed simulation assumptions can be found in Annex A.
The simulation results for 95% coverage are summarized in Table 1. In terms of the system performance, Option 3 has a trade-off between less MBSFN gain in the OFDM symbol to transmit P/S-SCH and more usable subcarriers. As discussed in chapter 3, Option 3 obtains slightly less MBSFN gain than Option 1 or Option 2. However, the number of OFDM symbols for less MBSFN gain is only 2 OFDM symbols during 10ms radio frame. In addition, ~216 more subcarriers during 10ms can be used as MBSFN data in Option 3. From the simulation results, we observe the performance for Option 3 is not degraded due to less MBSFN gain only in P/S-SCH OFDM symbol, but rather is improved by more usable subcarriers.
Table 1 Simulation results at 95% coverage
	Deployment scenario
	Spectral efficiency [bps/Hz]
	System throughput [Mbps]
	Max ISD [km]

	
	Option 1, 2
	Option 3
	Option 1, 2
	Option 3
	Option 1, 2
	Option 3

	Case 1
	3.4998
	3.5119
	34.998
	35.119
	1.1928
	1.198

	Case 3
	0.6944
	0.6968
	6.944
	6.968
	1.1928
	1.198

	Case 4
	3.1611
	3.2579
	31.611
	32.579
	5.4
	5.4

	Case 1-A
	2.2499
	2.2576
	22.499
	22.576
	1.16
	1.165

	Case 3-A
	0.5357
	0.5375
	5.357
	5.375
	1.16
	1.165

	Case 4-A
	3.0482
	3.1415
	30.482
	31.415
	4.804
	4.842


5. Summary
The advantages for Option 3 are summarized as follows;
· It enables to acquire initial UE processing with commercial local TCXO like unicast/mixed carrier transmission.
· The overall overhead for P/S-SCH is same as that in unicast/mixed carrier.

· No reference signal puncturing due to P/S-SCH is not needed.

· The number of usable subcarriers for MBSFN data transmission is increased by ~216 during 10ms.
· With another root index such as u=38 to enable one-shot correlation with u=29, the flag for dedicated MBSFN can be identified during initial UE processing. The existing correlator for unicast/mixed carrier can be reused as that for dedicated MBSFN carrier. In addition, the complexity can be rarely increased by using conjugate-symmetry property of ZC sequence. 
No disadvantage has been found from the simulation results.

6. Conclusions

In this contribution, we discussed the transmission of P-SCH, S-SCH and P-BCH for dedicated MBMS carrier and evaluated their system performances via system level simulation. Based on above discussion and simulation results, 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. In addition, it is also recommended that a new PSC index for dedicated MBSFN flag can be defined as u=38 (=63-25) which has a relationship of complex conjugate to u=25 of 15kHz numerology to enable efficient correlator at UE side.
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Annex A. Simulation assumptions
A-1. Simulation parameters
Table 2 Simulation parameters for each numerology
	L1 Parameter Sets
	15 kHz numerology

(Extended CP mode)
	7.5 kHz numerology

	Sampling Freq.
	15.36 MHz
	15.36 MHz

	FFT Length
	1024
	2048

	Sub-carrier separation
	15 kHz
	7.5 kHz

	#Cyclic Prefix Length
	256 samples
	512 samples

	Cyclic Prefix Duration
	16.67 us
	33.33 us

	#OFDM Symbols Per Slot
	6 symbols
	3

	#Used Sub-carriers
	600
	1200


Table 3 Simulation case minimum set
	Simulation
	CF
	ISD
	BW
	PLoss
	Speed

	Cases
	(GHz)
	(meters)
	(MHz)
	(dB)
	(km/h)

	1
	2.0
	500
	10
	20
	3

	2
	2.0
	500
	10
	10
	30

	3
	2.0
	1732
	10
	20
	3

	4
	0.9
	1000
	10
	10
	3

	1-A
	2.0
	500
	10
	20
	350

	3-A
	2.0
	1732
	10
	20
	350

	4-A
	0.9
	1000
	10
	10
	350


Table 4 System simulation parameters
	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	See Table A.2.1.1-1

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2GHz,   I=120.9 - 900MHz

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.4.1.4

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m 

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss
	See Table 2

	Antenna pattern [4] (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth
	See Table 2

	Channel model
	Typical Urban (TU)

	UE speeds of interest
	3km/h, 30km/h, 350km/h

	Total BS TX power (Ptotal)
	46dBm 10MHz BW, 43 dBm 1.25 MHz BW

	Inter-cell Interference Modelling
	DL: Explicit modeling

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	Minimum distance between UE and cell
	>= 35 meters

	Synchronization Error
	None


A-2. SINR calculation due to delays exceeding the CP duration
Correct modeling of a per-subcarrier SINR under ISI is critical in MBS system simulations. A per-subcarrier SINR can be represented in a simplified form similar to the one described in [5]. For example, a simplified representation for the OFDM receiver is
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where 
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 are simply the frequency domain coefficients of the “useful channel”, which is defined as 
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The factor c() is a tapered window, with an amplitude characteristic of 
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and also shown plotted in below Figure 7.
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Figure 7 Bias factor c(∙)
The term Pi represents the difference between the energy in the channel impulse response h(t) and the windowed channel impulse response 
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 is the transmit energy per symbol.

A-3. Doppler and channel estimation effect
The equivalent channel model for OFDM can be calculated as follows [7]:

Step 1. Coherent Loss due to Doppler : SNR degradation in the presence of Doppler spread
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where SINR is per tone SINR for perfect channel estimation and without Doppler loss which can be obtained from equation (1),fd is the Doppler frequency and NT is the OFDM symbol duration.

Step 2. Inter-tone Interference (ITI) due to Doppler : SNR degradation accounts for non-orthogonality of adjacent tones due to 
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where EH{x,y} is the harmonic sum of x and y.

Step 3. Channel estimation loss
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where ζ is the noise suppression gain of pilot in frequency domain, α is the gain from averaging the channel estimation across multiple OFDM symbols and β models the inter-symbol coherence loss due to Doppler. cj is channel estimation averaging weight, and For least squares channel estimation, ζ is (number of pilot tones/estimated channel impulse response samples). The parameters ζ used for the simulation in the contribution is illustrated in Figure 8.
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Figure 8 Channel estimation loss and ζ
Step 4. MRC combining: for SIMO transmission, SINR per tone can be calculated as 
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where Nr is number of receive antenna.
A-4. AWGN Curve
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Figure 9 AWGN curve
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