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1. Introduction
In RAN 1 #74 meeting, PBCH coverage enhancement was discussed and the following agreements are made: 
Agreements:
· For the purpose of investigating the required coverage enhancements, coverage loss for PBCH by 1 Rx antenna is assumed to be 4dB

· Can also consider 4dB loss for other downlink channels when needed

· Intermittent repetition / PSD boosting of PBCH could be applied to minimize the spectral efficiency loss

· UE behavior, impact on UE power consumption, and configurability are FFS

· Introducing new PBCH is FFS

This paper discusses the PBCH coverage enhancement with intermittent repetition. In addition, system information broadcasting is also discussed.
2. PBCH coverage enhancement
To meet the target of 15dB coverage improvement, PBCH with two/single receive antenna needs to be improved 6.7/10.7 dB for FDD. Evaluation shows that 10/40 repetitions are needed to bridge the coverage gap for PBCH [2]. PSD boosting can be adopted to improve the PBCH coverage, which can help to reduce the required repetition. 40 repetitions will extend out of 40 ms (~20 repetitions can be supported within 40 ms). Since intermittent PBCH transmission may be adopted, repetitions out of 40 ms is fine since UE knows the SFN in the MIB indicating the first transmission. Note that SFN bits change every 40 ms so that legacy PBCH out of the 40 ms window cannot be used in the combining processing anymore. 
MIB payload
Current MIB payload contains 8 bits SFN, 3 bits DL bandwidth, 3 bits PHICH configuration and 10 reserved bits. Reducing payload of MIB can reduce repetition numbers. Simulation results in Figure 1 show with 11 bits payload, 6-7 repetitions can provide 6.7dB gain compared with 10 repetitions for 24 bits payload. Because UE cannot combine legacy PBCH, there is only 2-3 repetitions saving for 6.7dB gap. On the other hand, we think all the current MIB content is necessary, for example, not to reduce the SFN bits. SFN is used for SIB decoding in current system. It is important for coverage enhancement SIB decoding to avoid unnecessary blind detection since enhanced SIB may also need intermittent transmission. DL bandwidth and PHICH configuration is required for PDCCH decoding. Fixed PHICH configuration will limit flexibility and may have impact to normal coverage UEs. If reserved bits are removed, another PBCH design is needed if further release have any extension. Considering the limited gain by reducing MIB payload and specification effort, repetition of the current PBCH is recommended.  
Proposal #1: Keep the same payload size in MIB.
Single coverage target vs Multiple targets 
Multiple PBCH coverage enhancement targets are proposed to reduce overhead. However, with intermittent transmission, the overhead saving is limited. For 1.4MHz BW, current PBCH overhead is 2.86%. Assuming 10 repetitions for one bursting transmission, the overhead for 1/10 intermittent transmissions within one SFN cycle is 2.96%/3.86%/7.9%. For a larger BW, the overhead will be lower (*0.06 for 20MHz). Figure 2 compares the overhead under different repetitions with different intermittent transmissions within 10.24s. For 50 intermittent transmissions within 10.24 ms (about every 200 ms has one enhanced PBCH), 2 repetitions and 10 repetitions have 3.4% and 7.9% overhead for 1.4MHz respectively. For 20MHz system, the overhead are 0.2% and 0.47 % compared with current PBCH overhead 0.17%. These observations show the overhead reduction is limited with intermittent transmission of PBCH coverage enhancement.
Observation #1: The overhead saving by salable repetition numbers is limited.
One the other hand, scalable repetition numbers will increase UE complexity. For initial access, UE does not know the repetition number for PBCH for this cell. Therefore, UE needs to attempt with all the possible repetition number as well as the intermittent transmission starting subframe. In addition, this may increase the buffer size during the blind detection since UE needs to buffer all the repetition number candidates.
Based on the above discussion, we proposed not to support scalable coverage enhancement targets, but to define a fixed repetition number for PBCH coverage enhancement.
Proposal #2: Define one fixed repetition number for PBCH coverage enhancement.
3. System information broadcasting
System information also needs coverage enhancement. In addition, it is hard for SIB1 to be transmitted within 6 PRBs and meet 15dB coverage enhancement target within 80ms based on the simulation results provided in [3]. A new SIB with reduced payload is needed. On the other hand, not all the information elements are necessary, at least for the purpose of PRACH transmission. One new SIB with coverage enhancement conveying necessary IEs for RACH procedure can be defined. Similar intermittent transmission as PBCH can be adopted to this new SIB. The first transmission of this new SIB (or the PDCCH starting subframe for the SIB-carrying PDSCH) can be at a pre-defined SFN as the current SIBs transmission. A new RNTI or a new payload is needed if PDCCH is used to schedule this new SIB because the both PDCCH and new SIB need multiple subframe repetitions. The PDCCH needs to be differentiable from those for normal coverage UEs. On the other hand, considering the overhead of transmission PDCCH, “control-less” SIB may be considered. The SIB payload is fixed and the lowest modulation order is expected for coverage improvement. Frequency resource allocation and/or repetition number can be pre-defined or blindly detected by UE.  
Proposal #3: Suggest RAN2 to define a new SIB for MTC UEs with coverage enhancement (e.g.,  carrying only  the necessary IE for RACH procedure). Further study on if PDCCH can be skipped to indicate this new SIB’s resource allocation. 
4. Conclusion
In this paper, we discussed the coverage improvement of PBCH and system information. Based on the analysis, we proposed that: 
Proposal #1: Keep the same payload size in MIB.
Proposal #2: Define one fixed repetition number for PBCH coverage enhancement.
Proposal #3: Define one new SIB with coverage enhancement conveying the necessary IE for RACH procedure. Further study on if PDCCH is adopted to indicate this new SIB’s allocation. 
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Figure 1 Performance of PBCH with repetition
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Figure 2 Overhead with different intermittent number
Table 1 Simulation Assumption

	Parameter
	Value

	System bandwidth
	10 MHz

	Frame structure
	FDD 

	Antenna configuration
	2x2

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency error
	100Hz

	Performance target
	1% BLER

	Payload
	11/24 bit

	Channel estimation
	2 Subframes


