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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.

In RAN1 #79 meeting, it was agreed that:

· Agree that PBCH related agreements in Rel-12 captured in the background in R1-145400 are applied for Rel-13 low-complexity UEs and coverage enhancement UEs
· Working assumption: Legacy PBCH is utilized by Rel-13 low complexity UEs and coverage enhancement UEs in both normal and enhanced coverage

· Note: FFS: utilize spare bits in MIB
Considerations on PBCH enhancement for Rel-13 low complexity UEs and UEs in enhanced coverage are discussed in this contribution.
2 Further considerations on PBCH enhancement

Following PBCH related agreements in Rel-12 are agreed to be applied for Rel-13 low-complexity UEs and coverage enhancement UEs:
· 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
· 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 the next meeting
· 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 Rel-13 low complexity UEs in coverage enhancements and coverage enhancement (CE) UE (Working assumption) 

· If the benefit with new PBCH is significant enough, it can be considered until next 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
· 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.
2.1 PBCH enhancement 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 can 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 is beneficial for UE power consumption reduction.
Proposal 1: Legacy PBCH is reused by Rel-13 low complexity UEs. 

Proposal 2: Spare bits in the MIB can be utilized to indicate necessary information for Rel-13 low complexity UEs.

· Whether an eNB can support Rel-13 low complexity UEs is indicated in the MIB.

· FFS: Narrow band allocation information for common control messages indication in the MIB.
2.2 Detailed analysis on PBCH coverage improvement
Considering the 15dB coverage enhancement target for FDD, the coverage improvement gap for PBCH is 6.7dB or 10.7dB depending on the UE type(s) in Rel-13. 
The detailed repetition designs include repetition burst within the 40ms PBCH cycle, configuration of transmission across 40ms cycles, and the specific PBCH repetition resource within a subframe. As agreed in RAN1, supporting all TDD DL/UL configurations is considered for PBCH coverage improvement in Rel-13. In order for reducing the UE processing complexity, a common design applicable for both FDD and TDD system with different UL/DL configurations is required. For TDD UL/DL configuration 0, only subframe #0 and #5 are downlink subframe and can be used for PBCH repetition. Further, considering SIB1 transmission would be scheduled in Subframe #5 in even radio frames, only subframe #0 and subframe #5 in odd frames are preferable for PBCH repetition as illustrated in Figure 1. Considering the common design point of view, Option 1 or Option 2 is preferable as the repetition burst within the 40ms PBCH cycle.  
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Figure 1 PBCH repetition resources within the 40ms PBCH cycle

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.

PBCH repetition methods alone may not achieve the coverage improvement gap according to our simulation results in Rel-12 [2] (as referred in Figure A.1, 5 times, 8 times, 10 times and 12 times legacy PBCH repetitions would bring about 5.5dB, 7.4dB, 8.1dB and 8.6dB gain respectively).  “Keep Trying” PBCH decoding method is an implementation related solution without any specification changes as discussed in Rel-12. PBCH repetitions combined with “keep trying” decoding would be considered as PBCH coverage improvement solution in Rel-13. According to the our simulation results in Rel-12, the coverage enhancement gains achieved by 8, 16, 32 and 64 times “Keep Trying” PBCH decoding are about 4.9dB, 6.9dB, 8.5dB and 9.7dB respectively as shown in Figure A.2. 2 times and 3 times continuous PBCH repetition (i.e., 8 times and 12 times PBCH transmission within each 40ms period, corresponding to Option 1 + Option A and Option 2 + Option A) combined with 32 times “keep trying” decoding will bring about 10.7dB and 11.8dB gain respectively as shown in Figure A.3.
As we pointed out in Rel-12, “keep trying” PBCH decoding would prolong the decoding time of the UEs and may increase the power consumption. For example, the decoding time of 32 times and 64 times “Keep Trying” PBCH decoding would be 1.28s and 2.56s respectively. 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.  Considering the configuration of transmission across 40ms cycles, “Option C: Repetition based on pattern(s) across a given number of cycles” would bring additional detection complexity to the UEs. Option A or Option B is preferable as the solution for configuration of transmission across 40ms cycles from the simple implementation point of view. Compared to Option B, Option A has negative impact on other downlink channels. But PBCH decoding time of Option B may be larger than that of Option A.
Proposal 4: Option A or Option B is preferable as the solution for configuration of transmission across 40ms cycles.
2.3 RE mapping for PBCH repetition

Common RE mapping design for PBCH repetition can minimize specification changes. Considering the common mapping design of PBCH repetition for both FDD and TDD system with different UL/DL configurations, the following REs should be excluded for PBCH repetition in subframe #0:

· the first 3 OFDM symbols (occupied by legacy PDCCH); 

· the first 4 OFDM symbols (occupied by legacy PBCH) in slot #1;

· the REs for CRS antenna ports 0-3;

· the last two OFDM symbols in slot #0 (occupied by PSS/SSS for FDD) and the last OFDM symbol in slot #1 (occupied by SSS for TDD);
Available REs (for Normal CP) for PBCH repetition in subframe #0 are illustrated in Figure 2. 
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Figure 2 Available REs (for Normal CP) for PBCH repetition in subframe #0
In subframe #5 in odd frames, the following REs should be excluded for PBCH:

· the first 3 OFDM symbols (occupied by legacy PDCCH); 

· the REs for CRS antenna ports 0-3;

· the last two OFDM symbols in slot #0 (occupied by PSS/SSS for FDD) and the last OFDM symbol in slot #1 (occupied by SSS for TDD);
Available REs (for Normal CP) for PBCH repetition in subframe #5 are illustrated in Figure 3. 
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Figure 3 Available REs (for Normal CP) for PBCH repetition in subframe #5 in odd frames
Proposal 5: Common RE mapping design for PBCH repetition is considered for FDD and TDD system.
3 Conclusions
Further considerations on PBCH enhancement for Rel-13 low complexity UEs and PBCH coverage improvement are discussed in this contribution. We propose the followings:

Proposal 1: Legacy PBCH is reused by Rel-13 low complexity UEs. 

Proposal 2: Spare bits in the MIB can be utilized to indicate necessary information for Rel-13 low complexity UEs.

· Whether an eNB can support Rel-13 low complexity UEs is indicated in the MIB.

· FFS: Narrow band allocation information for common control messages indication in the MIB.
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: Option B is preferable as the solution for configuration of transmission across 40ms cycles.

Proposal 5: Common RE mapping design for PBCH repetition is considered for FDD and TDD system.
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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
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Figure A.2 Performances of “keep trying”
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Figure A.3 Performance of continuous repetition combined with “keep trying” decoding
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