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1. Introduction
Rel-13 work item on MTC enhancements was approved in [1] in RAN#65. A relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage is targeted. As analyzed in our companion contribution [2], the coverage enhancement target for PBCH is 7.7dB. In this contribution, we discuss the PBCH coverage enhancement techniques.
2. Discussion

In addition to repetition, “keep trying” was introduced in [3] which requires the legacy PBCH decoder to simply increase the number of PBCH decoding attempts before considering failure. Table 1 shows the simulation results of legacy PBCH with “keep trying” method based on the assumptions listed in Table 4 in Appendix. 

Table 1: Coverage improvement gains achieved by “keep trying” method

	Number of 40ms PBCH keep trying decoding attempts
	2
	4
	8
	16
	32
	64

	Coverage improvement gains (dB)
	0.7
	2.1
	3.7
	5.2
	6.9
	8.2


Based on the simulation results, notable PBCH coverage improvement gains are observed.

Observation 1: “Keep trying” method provides notable PBCH coverage improvement gains. The coverage improvement gain increases along with the increase of the number of decoding attempts.
In addition to the “keep trying” method, other implementation techniques such as PSD boosting and cross-subframe channel estimation can be used to further improve PBCH coverage. Table 2 shows the coverage improvement gains obtained from “keep trying”, 4dB PSD boosting and cross-subframe channel estimation. 
Table 2: Coverage improvement gains from “keep trying”, PSD boosting and cross-subframe channel estimation

	Number of 40ms PBCH keep trying decoding attempts
	2
	4
	8
	16
	32
	64

	Coverage improvement gains (dB)
	3.9
	5.3
	7.0
	8.2
	10.2
	12.0


It can be seen that PSD boosting and cross-subframe channel estimation can further improve the coverage of legacy PBCH. It is observed that PBCH coverage improvement target can be met with pure implementation based techniques.

Observation 2: With PSD boosting and cross-subframe channel estimation, the PBCH coverage improvement target of 7.7dB can be met if the UE keeps trying decoding the legacy PBCH with less than 16 decoding attempts.
PBCH repetition is expected to reduce the number of PBCH decoding attempts. Table 3 shows the performance of PBCH with continuous repetition and intermittent repetition including implementation techniques, i.e. “keep trying”, PSD boosting and cross-subframe channel estimation. Table 3 assumes PBCH repetition in subframe #0 and all the REs in the centre 6 PRBs other than 3 control region OFDM symbols, synchronization signals, legacy PBCH and CRS are used for PBCH repetition.
Table 3: Coverage improvement gains of PBCH with repetition in Subframe #0 and implementation techniques
	Repetition mode
	Intermittent  repetition period (ms)
	Number of 40ms PBCH keep trying decoding attempts

	
	
	2
	4
	8
	16
	32
	64

	No repetition
	
	3.9
	5.3
	7.0
	8.2
	10.2
	12.0

	Continuous repetition
	
	6.3
	8.0
	9.9
	11.0
	
	

	Intermittent repetition
	80
	5.6
	6.9
	9.1
	10.3
	12.1
	

	
	160
	4.5
	6.5
	8.5
	9.8
	11.8
	

	
	320
	4.2
	5.7
	8.1
	9.5
	11.3
	

	
	640
	4.0
	5.4
	7.3
	9.2
	11.0
	

	
	1280
	3.9
	5.3
	7.1
	8.7
	11.0
	

	
	2560
	3.9
	5.3
	7.0
	8.6
	10.3
	12.0


It is observed that with continuous repetition in subframe #0, the required PBCH decoding attempts can be reduced from 16 to 4. With intermittent repetition with 320ms period, the required PBCH decoding attempts is reduced to 8. 
Although PBCH repetition is beneficial from UE power consumption reduction perspective, it is worth to note that the worst UE location is assumed. If a UE needs an overall coverage improvement of e.g. 10 dB (i.e. PBCH coverage enhancement of 2.7dB), only 2 PBCH decoding attempts are needed without repetition. 

Resource overhead for PBCH repetition needs to be considered for PBCH coverage enhancement due to the following reasons.

· Not all the cells target for a 15dB coverage enhancement

· Within a cell, PBCH needs to target for the worst UE but not all Rel-13 low complexity UEs would be in the worst locations, i.e. requiring the overall coverage enhancement of 15dB
· UE does not need to decode PBCH frequently
· Other common messages for bandwidth reduced Rel-13 UEs are expected to be transmitted and/or repeated in the center 6 PRBs which would limit the available resources for PBCH repetition

Therefore, it is preferred not to repeat PBCH from resource overhead perspective. In case PBCH is repeated, PBCH shall be repeated in subframe #0 only.
Proposal 1: It is preferred not to repeat PBCH for coverage enhancement.
Proposal 2: In case PBCH is repeated, PBCH is repeated in subframe #0 only.
3. Conclusion
In this contribution, we discuss PBCH coverage enhancement with the following proposals: 
Proposal 1: It is preferred not to repeat PBCH for coverage enhancement.
Proposal 2: In case PBCH is repeated, PBCH is repeated in subframe #0 only.
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Appendix
Table 4: Simulation assumptions on PBCH

	Parameter
	Value

	System bandwidth
	10MHz

	Carrier frequency
	2.6GHz 

	Channel model
	EPA

	Doppler spread
	1Hz

	Performance target
	1% BLER

	Duplex mode
	TDD
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