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1 Introduction

According to the WID in RAN #60 meeting [1], the following scope related to PBCH coverage enhancement for low cost MTC has been defined for discussions and decisions:
Provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· Specify the following techniques (which shall be applicable for both FDD and TDD) to achieve this:

· Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

· When defining the detailed solutions for the above coverage enhancement techniques, relative spectral efficiency impact and cost/power consumption impact should be taken into account, and divergence of solutions between the new UE category/type and other UEs (mentioned above) should be minimized where possible.

In this contribution, we provide our analysis on potential solutions and present link level simulation results for PBCH coverage enhancement for low cost MTC in LTE systems.  
2 Discussion on PBCH Coverage Enhancement
According to the reference Maximum Coupling Loss (MCL) table in [2] and assuming 4dB SNR loss when employing single receive RF chain, the required coverage enhancement target for PBCH is 10.7dB for FDD LTE system [3]. In order to achieve the PBCH coverage enhancement target, potential solutions are proposed as captured in [2]: repetition, PSD boosting and new PBCH design. For each approach, the detailed analysis and link level simulation results are provided as follows:

2.1 Repetition 

Repetition of PBCH transmission in the time domain is an effective way to improve the coverage for low cost MTC. Due to the SFN update in MIB, the repetition needs to be performed within 40ms period. Furthermore, the repetition needs to be conducted within the central 6 PRBs in order to support the smallest bandwidth. Two options can be considered with respect to the repetition pattern design. One possible approach (Option #1) is to repeat the PBCH transmission in subframe #0 onto other subframes in the same radio frame. Another way (Option #2) is to repeat the PBCH transmission in other OFDM symbols of any other subframes.
While the first option may be desirable from the specification perspective due to limited specification impact, the latter one may allow more level of repetitions such that additional link budget gain can be provided. For FDD system, based on the Option #1 described above, the maximum number of repetitions for PBCH within 40ms period would be 10. For the second approach (Option #2), in subframe #0 and #5 with 2 OFDM symbols allocated for PSS/SSS transmission, only 2 repetitions can be achieved, while in the remaining subframes, 3 repetitions can be achieved when 2 OFDM symbols are allocated for PDCCH. According to this pattern design, the maximum number of repetitions would be 28. According to the repetition pattern, the impact on the legacy UE or non-MTC UEs could be limited due to the fact that legacy UE may still decode the PBCH from legacy PBCH position and accordingly, eNB may schedule the PDSCH transmission for legacy UE or non-MTC UEs in the resource blocks other than 6 central PRBs.
Regarding the specification impact, the repetition pattern and allocated resources need to be predefined. Furthermore, with more number of repetitions allocated, the increased UE power consumption and degraded cell spectrum efficiency are expected. 
Figure 1 illustrates the link level simulation results for PBCH coverage enhancement by employing the repetition. It can be observed that 6.8dB and 9.3dB performance gain can be achieved with 10 and 28 repetitions for PBCH, respectively. However, it should be noted that the 10.7 dB of PBCH coverage enhancement target cannot be met by applying repetition alone for legacy PBCH. 
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Figure 1. PBCH performance with repetition
Observation 1
Coverage enhancement target cannot be met by applying repetition alone for legacy PBCH.
2.2 PSD Boosting 

This approach may be considered as a complement to the other techniques to improve the coverage. PSD boosting may be applied on the resource elements used for either CRS only or both PBCH and CRS. Note that when evaluating the system level performance with power boosting for PBCH coverage enhancement, the interference to the neighboring cells should be taken into consideration. 
Figure 2 illustrates the link level performance with 3dB PSD boosting on CRS only and on both PBCH and CRS in conjunction with 28 repetitions, respectively. From the figure, it can be observed that for FDD LTE system, PBCH coverage enhancement target can be achieved with 28 repetitions and 3dB CRS boosting. 
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Figure 2. PBCH performance with PSD boosting

Observation 2

For FDD LTE system, PBCH coverage enhancement target can be achieved with 28 repetitions and 3dB CRS boosting.

2.3 New PBCH Design 

As mentioned in [2], a longer period, reduced legacy MIB content and intermittent transmission can be considered as new PBCH design (denoted as mPBCH) to improve the coverage. 
· Longer Period. PBCH transmission can be extended from 40ms to a longer period to allow more level of repetitions to further improve the coverage. Note that the specification impact could be substantial with longer PBCH period. Furthermore, the impact on SIB1 transmission may need to be further investigated.
· Reduced Legacy MIB Content. For legacy PBCH, MIB contains 3-bit downlink system bandwidth, 3-bit PHICH configuration, 8-bit SFN and 10 spare bits. As specified in [1] for new UE category, (e)PDCCH is allowed to use the carrier bandwidth, which indicates that it may not be feasible to eliminate 3-bit downlink system bandwidth. Considering the possibility of replacing PHICH by PDCCH with UL grant and removing 10 spare bits, the MIB content can be reduced to 11 bits, which results in 27 bits for mPBCH after CRC. Subsequently, if less CRC overhead is considered, e.g., 8 CRC bits, the size of mPBCH after CRC can be further reduced to 19 bits.
· Intermittent Transmission. As described in the subsection 2.1, certain level of repetitions, which consumes significant amount of resources in central 6PRBs, is needed to meet the coverage enhancement target for PBCH. Since relatively small portion of MTC UEs may need coverage enhancement, repetition of PBCH transmission which only targets for coverage limited MTC UEs, may not be desirable in term of cell spectrum efficiency, especially in the system with smaller carrier bandwidth. Intermittent transmission which allows the infrequent mPBCH transmission, may be considered as an efficient mechanism in order to avoid the excessive resource consumption. Note that during mPBCH transmission, repetition and/or PSD boosting may be helpful to meet the coverage enhancement target.  

Figure 3 illustrates the link level performance for mPBCH design with reduced legacy MIB content. It can be observed that 1.4dB and 2.5dB coding gain can be achieved when the size of mPBCH after CRC is reduced to 27 bits and 19 bits, respectively. 
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Figure 3. PBCH performance with reduced legacy MIB content
Observation 3
1.4dB and 2.5dB coding gain can be achieved when the size of mPBCH after CRC is reduced to 27 bits and 19 bits, respectively. 
In the design of intermittent transmission for mPBCH, various periodicity levels may be considered and configured appropriately. In this way, eNB may adjust the periodicity of mPBCH transmission depending on current MTC UE traffic. More specifically, given the fact that MTC UEs are likely to be scheduled to transmit the data during quiet time, a lower duty cycle for mPBCH transmission (e.g., in the order of minutes) may be beneficial in the daily time in order to minimize the impact on legacy UE. During the quite time, however, eNB may transmit the mPBCH more frequently (e.g., in the order of milliseconds or seconds) to facilitate coverage limited MTC UEs to access the network more quickly. Hence, by employing different periodicity levels for mPBCH transmission, a proper balance between impacts on legacy UEs and access latency for coverage limited MTC UEs may be achieved.
Proposal 1
In order to achieve a proper balance between impacts on legacy UEs and access latency for coverage limited MTC UEs, various periodicity levels may be considered in the design of mPBCH intermittent transmission. 
Based on the analysis above, the impact on the coverage enhancement, specification, system performance, implementation cost and UE power consumption for the aforementioned approaches is summarized in Table 1. 

Table 1. Analysis on potential solutions for PBCH coverage enhancement
	
	Repetition
	PSD Boosting
	Longer Period
	Reduced Legacy
MIB Content
	Intermittent

Transmission

	Coverage improvement
	High
	Medium
	Medium
	Medium
	Low

	Specification impact
	Medium
	Low
	High
	High
	Medium

	System performance impact
	High
	Medium
	Medium
	Low
	Low

	Implementation cost increase
	Low
	Low
	Medium
	High
	Low

	UE power consumption increase
	High
	Low
	Medium
	Low
	High


As should be evident from the comparison in Table 1 above, these approaches have some desirable properties while suffering from certain significant limitations. To minimize the specification impact and take into account the delay tolerant characteristic of low cost MTC, repetition, PSD boosting together with intermittent transmission may be considered as higher priority than other approaches for PBCH coverage enhancement.  
Proposal 2
To minimize the specification impact and take into account the delay tolerant characteristic of low cost, repetition, PSD boosting together with intermittent transmission may be considered as higher priority than other approaches for PBCH coverage enhancement.
3 Conclusions

In this contribution, we provided our views on PBCH coverage enhancement. Based on the discussion presented, we summarize our views through the following proposals and observations:
Observation 1

Coverage enhancement target cannot be met by applying repetition alone for legacy PBCH.
Observation 2

For FDD LTE system, PBCH coverage enhancement target can be achieved with 28 repetitions and 3dB CRS boosting.
Observation 3
1.4dB and 2.5dB coding gain can be achieved when the size of mPBCH after CRC is reduced to 27 bits and 19 bits, respectively. 
Proposal 1
In order to achieve a proper balance between impacts on legacy UEs and access latency for coverage limited MTC UEs, various periodicity levels may be considered in the design of mPBCH intermittent transmission. 
Proposal 2
To minimize the specification impact and take into account the delay tolerant characteristic of low cost, repetition, PSD boosting together with intermittent transmission may be considered as higher priority than other approaches for PBCH coverage enhancement.
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Appendix: Simulation Assumptions
	Parameter
	Value

	Bandwidth
	10MHz

	Carrier Frequency
	2GHz

	Frame Type
	FDD

	MIMO Configuration
	2x1 with low correlation

	Channel Model 
	EPA

	Doppler Shift
	1Hz

	Frequency Error
	100Hz

	Channel Estimation
	Cross-subframe channel estimation

	Target BLER
	1%


PAGE  
4/6

