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1
Introduction

In [1], we have discussed the need of multi-cell PBCH for dedicated MBMS carrier purpose. In this contribution, we first review the content of the MIB for dedicated MBSFN carriers and then look into the coverage and capacity issues of such multi-cell PBCH for dedicated MBSFN carriers.
As defined currently in TS 36.211 [2], the PBCH does not allow multi-cell transmission, in this contribution we refer to the proposed multi-cell PBCH as PMBCH (Physical Multi-cell Broadcast Channel).
2
Dedicated carrier PMBCH contents

In this section, we review the content of MIB in dedicated carriers (i.e. PMBCH’s content). In our view, the MIB in dedicated carriers should convey:
- 
Downlink system bandwidth, 4 bits

- 
System Frame Number, 8 bits

-
CRC, 16 bits

Furthermore, we expect that subsequent system information in case of dedicated carriers is mapped to MCH/PMCH (note that this has not yet been discussed in RAN2), therefore the need and bit-width of additional Information Elements related to SU-1 (or system information in general) transmission/reception should be considered: 

-
SU-1 scheduling information, FFS (only needed if not fixed to SFN)
- 
SU-1 transport block size, FFS (the need and bit-width of this parameter depends on the SU-1 content to be decided by RAN2)
-
SU-1 BW/PRB allocation 
-
# of SU-1 transmissions 
Finally, we note that because there is no uplink and because the TX diversity (if any) in case of dedicated carriers is not specified there is no need to convey the following parameters considered for unicast MIB:

-
PHICH duration

-
PHICH resources

-
Number of TX antennas
3
Dedicated carrier PMBCH performance
In this section, we first establish the coverage requirements for PMBCH through system simulations and then look at the link-level performance of certain PMBCH structures derived from the corresponding extended CP unicast/mixed carrier PBCH structures.
3.1
PMBCH coverage requirements

As described in [1], the PMBCH should be designed to be robust enough to cope with MBSFN area border conditions, since otherwise the MBSFN area borders may be restricting the UE access to services transmitted in an “overlay” MBSFN area.
To quantify the coverage requirements, we simulated MBSFN geometry distributions with 3GPP Case 1 and Case 3 [3] setups where we extended the 57-cell layout to include also additional interfering tiers of cells so that altogether we had 6 tiers of eNBs. The geometry values were measured over the own MBSFN area border cells since these are the ones with the worst interference conditions. So, we define the coverage requirement as having ≤1% PMBCH block error rate for ≥98% of the UEs in the MBSFN area border cells, i.e. the centre cells are not considered in defining the coverage requirement. 
The resulting geometry distributions are shown in Figure 1. For 98% coverage requirement, we get the geometry values of -6.2 dB and -4.9 dB for Case 3 and Case 1, respectively. These values are used as input to the link-level performance analysis presented in the next section.
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Figure 1. Geometry distributions for the simulated cases. The 98% coverage points are -6.2 dB and -4.9 dB for Case 3 and Case 1, respectively.
3.2
PMBCH detection performance
The mapping of unicast/mixed carrier PBCH to REs, its modulation and coding etc. have already been agreed and are captured in [2], [4]. With extended CP, the mapping of PBCH to resource elements is to the OFDM symbols #0, #1, #2, #3 in the second slot of subframe #0. PBCH occupies the 72 centre subcarriers. Since the BW of dedicated MBMS carriers is also scalable, in our view the mapping to 72 centre subcarriers should be used also for PMBCH. Since there is no big difference in the number of bits needed for the PMBCH contents compared to PBCH contents, the first structure that we considered is shown in Figure 2. Assuming QPSK modulation, the number of coded bits that fit into this structure is 504, taking into account that some REs are occupied by MBSFN RS.
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Figure 2. PMBCH structure 1.

The second structure is a similar time-multiplexed one, but utilizing OFDM symbol #2 in first slot instead of #2 in the second slot. This can be done since there is no PDCCH transmitted on dedicated MBMS carriers. In this structure, the number of coded bits is 432, so we get some granularity in the possible information block sizes. In terms of detection performance there may be some gain due to smaller block size.
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Figure 3. PMBCH structure 2.

Other simulation assumptions are listed in Table 1. Similarly to unicast/mixed carrier PBCH, we simulated the effect of soft combining and time diversity using 1, 2 and 4 PMBCH bursts, where the time interval between the bursts was 10 ms. In the light of previous RAN1 agreements no TX diversity was used, i.e. 1 TX antenna transmission was assumed. The used RS pattern was as specified in [2].
Table 1. Simulation assumptions

	Transmission bandwidth
	1.25 MHz

	IFFT size
	128

	Number of used sub-carriers
	72

	Sub-carrier spacing
	15 kHz

	Occupied bandwidth
	1.080 MHz

	Subframe length, CP length
	1 ms (12 OFDM symbols), extended CP 16.67 us

	Modulation
	QPSK

	Channel coding
	Convolutional code with tail-biting, constraint length 7, code rate 1/3. Repetition factors 1, 2 and 3 used to get ECRs of 1/3, 1/6 and 1/9.

	Channel model
	MBSFN channel model as described in [5]

 REF _Ref146697481 \r \h 
[6]

	UE velocity
	3 km/h

	Channel estimation
	2D Wiener estimator, Gaussian distributed error added to SINR and velocity estimates, using only the MBSFN RS in the same subframe.

	Physical resource block (PRB) bandwidth
	12 sub-carriers, 180 kHz

	Number of PRBs for P-BCH
	6

	Antenna configuration
	1 Tx, 2 Rx

	Receiver
	MMSE receiver

	Time diversity
	Soft combining over 1,2,4 bursts (random interference assumed, noise only), burst interval 10 ms.


Block error rate performance of PMBCH was simulated as a function of SNR. The results are shown in Figure 4, Figure 5 and Figure 6. The required SINRs for 1% block error rate in each case are also summarized in Table 2 and Table 3. Also the resulting information block sizes are shown. Based on these results the coverage requirements derived in the previous section and the expected MIB contents discussed in section 2, it can be concluded that
· Structure 2 slightly outperforms structure 1. This is mainly because of differences in the TB size.

· 4 bursts with 10 ms burst interval and ECR of about 1/9 per burst are required to meet the coverage target in both Case 1 and Case 3.

· With 4 OFDM symbols and either structure 1 or 2, ECR of about 1/9 is clearly feasible considering the expected MIB contents, because 40 information bits + CRC fit into structure 1 and 32 information bits + CRC into structure 2.
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Figure 4. Performance of the two PMBCH structures with code rate 1/3, using 1, 2, and 4 bursts. With this ECR the coverage requirement clearly can not be met.
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Figure 5. Performance of the two PMBCH structures with code rate 1/6 (repetition factor of two), using 1, 2 and 4 bursts. Still, the coverage requirement for Case 3 can not be met where as with 4 bursts both structures meet the coverage requirement in Case 1.
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Figure 6. Performance of the two PMBCH structures with code rate 1/9 (repetition factor of three), using 1, 2 and 4 bursts. With 4 bursts the coverage requirement is met for both Case 3 and Case 1.
Table 2. Required SINRs for 1% CRC error rate with different information block sizes and code rates (Str. 1).

	Code repetition factor
	# of soft combining
	Effective code rate
	Information block size (without CRC)
	Required SINR(dB) for 1% CRC error rate

	1
	1
	1/3
	152
	3.48

	1
	2
	1/6
	152
	1.11

	1
	4
	1/12
	152
	-1.81

	2
	1
	1/6
	68
	-0.84

	2
	2
	1/12
	68
	-3.11

	2
	4
	1/24
	68
	-5.51

	3
	1
	1/9
	40
	-2.91

	3
	2
	1/18
	40
	-4.93

	3
	4
	1/36
	40
	-7.25


Table 3. Required SINRs for 1% CRC error rate with different information block sizes and code rates (Str. 2).

	Code repetition factor
	# of soft combining
	Effective code rate
	Information block size (without CRC)
	Required SINR(dB) for 1% CRC error rate

	1
	1
	1/3
	128
	3.22

	1
	2
	1/6
	128
	0.73

	1
	4
	1/12
	128
	-2.07

	2
	1
	1/6
	56
	-1.25

	2
	2
	1/12
	56
	-3.36

	2
	4
	1/24
	56
	-5.80

	3
	1
	1/9
	32
	-3.10

	3
	2
	1/18
	32
	-5.05

	3
	4
	1/36
	32
	-7.35


4
Conclusions

In this contribution we evaluated the coverage and capacity of the multi-cell PBCH, i.e. PMBCH. The presented results indicate that:

· PMBCH with around 4 OFDM symbols per PMBCH burst and with 4 bursts that can be soft-combined (10 ms burst interval) provides sufficient means for PMBCH reception in dedicated MBSFN carriers taking into account the MBSFN propagation conditions and the expected dedicated MBSFN MIB content.
On the basis of the analysis in this document we propose:

· PHICH duration, PHICH resources and number of TX antennas are not included in the MIB in dedicated carriers:

· The need to add additional parameters (like SU-1’s TBs, SU-1’s PRB allocation) to MIB in dedicated carriers should be further considered.
· The MIB in dedicated carriers is transmitted as a multi-cell channel, i.e. the PMBCH supports MBSFN area-specific scrambling (while other transmission parameters for PMBCH should reuse the unicast PBCH design)
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