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1 Introduction

During RAN #65 meeting, “New WI proposal: Further LTE Physical Layer Enhancements for MTC” ([1]) was approved.  The general objective is to specify a new UE for MTC operation in LTE that also allows for enhanced coverage compared to existing LTE networks and low power consumption, with three main objectives:

· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode.
· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD.
· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life.
Considerations on PBCH enhancement for Rel-13 low complexity UEs and PBCH coverage improvement and power consumption reduction analysis are discussed in this contribution.
2 Consideration on PBCH for Rel-13 low complexity UEs

Reduced bandwidth of 1.4 MHz in both downlink and uplink is the most important complexity reduction technique for Rel-13 low complexity UEs. MIB is transmitted four times on legacy PBCH every 40ms TTI. MIB contains 8bits SFN information, 3 bits downlink system bandwidth information, 3bits PHICH configuration information and 10 spare bits. Legacy PBCH is transmitted in the central 6PRBs, which is less than 1.4MHz. For Rel-13 low complexity UEs with reduced bandwidth of 1.4MHz feature, even though PHICH configuration information is not needed, reduced bandwidth MTC UEs still can successfully acquire SFN information and downlink system bandwidth by decoding the legacy PBCH in the center 6PRBs. Spare bits in the MIB may be utilized to indicate necessary information for Rel-13 low complexity UEs. For example, if common control messages are not limited to a fixed or pre-defined narrow band, narrow band allocation information for common control messages (SIBs, RAR) is necessary for Rel-13 bandwidth reduced UEs before decoding the common control messages during initial access. Indicating whether an eNB can support Rel-13 low complexity UEs in MIB may be beneficial for UE power consumption reduction.
Proposal 1: Legacy PBCH can be reused by Rel-13 bandwidth reduced MTC UEs. Further studies are needed if spare bits in the MIB can be utilized to indicate necessary information for Rel-13 low complexity UEs.
3 PBCH coverage improvement
3.1 Views on Rel-12 agreements 
In RAN1#74, #74bis and #75 meeting, some agreements have been achieved on PBCH coverage improvement as below:
Agreements in RAN1 #74:
· 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
Agreements in RAN1 #74bis:

· Repetition should be specified as a method to improve coverage.
· FFS between continuous repetition and intermittent repetition. 

· The number of repetitions required is FFS subject to the agreed gain provided by other implementation means 

· Study the performance of repetition including potential decoding techniques till RAN1#75 

· Each company specify the assumption used for UE decoding to exploit intermittent repetition or decoding techniques
· PBCHs are transmitted only in center 6PRBs
· PBCH repetition occurs within 40msec
· In deciding OFDM symbols and subframes for repeated PBCHs, the following should be considered.
· More than 4 OFDM symbols at a subframe can be used for PBCH transmission
· Legacy PBCH is utilized by coverage enhancement (CE) UE (Working assumption)
· If the benefit with new PBCH is significant enough, it can be considered until RAN1 #75 meeting
· FFS: non-MBSFN configurable subframes should be used first. If needed, consider using MBSFN-configurable subframes
· FFS which TDD DL/UL configurations will be supported
· Supporting all TDD DL/UL configuration is considered
Agreements in RAN1 #75:

· Agree that we only select ONE of the following options that define the repetition burst within the 40ms PBCH cycle:
· Option 1: Repetition in SF#0
· Option 2: Repetition in SF#0 + repetition in SF#5 in odd frames.
· Option 3: Repetition in SF#0 + repetition in 1 other sub-frame in all frames
· Option 4: Repetition in SF#0 + repetition in 3 other sub-frames in all frames 

· FFS until the next meeting which REs should be excluded for PBCH repetition
· Agree that “user data and MIB repetition are assumed not to be sent in the same PRBs.”
· Agree that we shall only select ONE of the options below for configuration of transmission across 40ms cycles:
· Option A: Always send repetition in every 40ms cycle.
· Option B: Dynamic on/off of repetitions on a per 40x ms cycle basis.
· Option C: Repetition based on pattern(s) across a given number of cycles.
It is an effective way to take Rel-12 agreements as starting point and confirm if these agreements acceptable for Rel-13 PBCH coverage improvement. Time domain repetition is the most important coverage improvement for PBCH. According to the guide mentioned in WID “strive to minimize divergence of solutions between the new UE category/type and other UEs”,   “PBCHs are transmitted only in center 6PRBs” should be followed in Rel-13. Since SFN information contained in MIB will change every 40ms, “PBCH repetition occurs within 40msec” will still be the consensus in Rel-13. If single receive RF chain is a feature of Rel-13 low complexity UEs, “coverage loss for PBCH by 1 Rx antenna is assumed to be 4dB and can also consider 4dB loss for other downlink channels when needed” should be the assumption for Rel-13 low complexity UEs.  Intermittent repetition/PSD boosting of PBCH can also be considered to minimize the spectral efficiency loss. Considering the reduced bandwidth of 1.4MHz for Rel-13 low complexity UEs, the agreement “user data and MIB repetition are assumed not to be sent in the same PRBs.” in Rel-12 needs further study.  
Proposal 2: Rel-12 agreements on PBCH coverage improvement should be taken as the starting points in Rel-13 if they are applicable to Rel-13 UEs in coverage enhanced mode.
3.2 Further Considerations on PBCH Coverage improvement in Rel-13
Considering the 15dB coverage enhancement target for FDD, the coverage enhancement gap for PBCH is 6.7dB or 10.7dB depending on the UE type(s) in Rel-13. First of all, time domain repetition for PBCH coverage improvement should be taken as the baseline. The detailed repetition designs including repetition burst within the 40ms PBCH cycle, configuration of transmission across 40ms cycles, and the specific PBCH repetition resource within a subframe need further study. Since reduced bandwidth of 1.4MHz in DL and UL is the most important complexity reduction technique in Rel-13, “Option 4: Repetition in SF#0 + repetition in 3 other sub-frames in all frames” and “Option A: Always send repetition in every 40ms cycle” are not recommended considering its negative impact on other downlink channels. For reduced bandwidth of 1.4MHz MTC UEs, the subframes for PBCH repetitions within the 40ms PBCH cycle should be as few as possible in order to reduce the negative impacts on other downlink channels.

Proposal 3: It is recommended to select Option 1 or Option 2 when defining repetition burst within the 40ms PBCH cycle for PBCH coverage improvement in Rel-13.
Another question for PBCH coverage improvement is whether to apply common design for FDD and TDD system. If all TDD DL/UL configurations need to be considered as agreed in Rel-12, a common design for FDD and TDD system with different DL/UL configurations is recommended in order for reducing the UE processing complexity.
From our simulation results in Rel-12 [2] (as referred in Figure A.1), 5 times, 8 times, 10 times and 12 times legacy PBCH repetition (i.e., 20times, 32 times, 40 times and 48 times PBCH transmission within 40ms period) will bring about 5.5dB, 7.4dB, 8.1dB and 8.6dB gain respectively. PBCH repetition methods alone may not achieve the coverage improvement gap. “Keep Trying” PBCH decoding method is an implementation related solution without any specification changes as discussed Rel-12. The decoder simply keeps trying to decode PBCH transmissions until the decoder eventually gets lucky and decodes it correctly. 8, 16 and 32 times “Keep Trying” PBCH decoding may bring about 4.9dB, 6.9dB, and 8.5dB coverage gain respectively (as referred in Figure A.2). But “keep trying” decoding would prolong the decoding time of the UEs and may increase the power consumption. For example, the decoding time of 32 times “Keep Trying” PBCH decoding would be 1.28s. Power consumption should be considered as an important factor to determine the coverage enhancement solutions in Rel-13. PBCH decoding time has some relationship with UE power consumption. But an MTC UE only decodes PBCH/PBCH repetitions during initial access, the negative impact on UE battery life caused by prolonged PBCH decoding time may be minor. For Rel-13 UEs operating in coverage enhanced mode, if the power consumption caused by “keep trying” decoding is acceptable, PBCH repetitions combined with “keep trying” decoding should be considered as the key PBCH coverage enhancement solution in Rel-13.  
Considering the specification impacts, designing new PBCH may only be considered when repetition, PSD boosting and implementation related solutions can’t meet the coverage enhancement target.
Proposal 4: If the power consumption caused by “keep trying” decoding is acceptable, PBCH repetitions combined with “keep trying” decoding should be considered as the key coverage improvement solution for PBCH in Rel-13.  
4 Conclusions
Considerations on PBCH Coverage improvement are discussed in this contribution. We propose the following:

Proposal 1: Legacy PBCH can be reused by Rel-13 bandwidth reduced MTC UEs. Further studies are needed if spare bits in the MIB can be utilized to indicate necessary information for Rel-13 low complexity UEs.
Proposal 2: Rel-12 agreements on PBCH coverage improvement should be taken as the starting points in Rel-13 if they are applicable to Rel-13 UEs in coverage enhanced mode.
Proposal 3: It is recommended to select Option 1 or Option 2 when defining repetition burst within the 40ms PBCH cycle for PBCH coverage improvement in Rel-13.
Proposal 4: If the power consumption caused by “keep trying” decoding is acceptable, PBCH repetitions combined with “keep trying” decoding should be considered as the key coverage improvement solution for PBCH in Rel-13.  
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Annex

A.1 Simulation assumption

Table A.1

	Parameter
	Value

	System Bandwidth
	1.4 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation for FDD

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency error
	0 or 100Hz

	Modulation Mode
	QPSK

	Channel Estimation
	Realistic one subframe channel estimation

	Performance target
	1% miss probability
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Figure A.1 PBCH performances with different repetition times
[image: image2.emf]-26 -24 -22 -20 -18 -16 -14 -12 -10

10

-3

10

-2

10

-1

10

0

SNR

BLER

 

 

PBCH

PBCH KeepTrying 8

PBCH KeepTrying 16

PBCH KeepTrying 32

PBCH KeepTrying 64


Figure A.2 Performances of “keep trying”
