3GPP TSG RAN WG1 Meeting #80bis
R1-151734
Belgrade, Serbia, 20th - 24th April 2015
Source:               ZTE

Title:                    Discussion on PBCH repetition for MTC enhancement
Agenda item:      7.2.1.6
Document for:    Discussion and Decision

1 Introduction

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

In RAN1 #80 meeting, it was agreed that:

· In subframes where PBCH repetition occurs, available REs in PRB pairs containing MIB are used for PBCH
· Available REs are REs not used for the legacy control region, PSS/SSS OFDM symbols and CRS

· Handling of possible collision with CSI-RS in these PRB pairs is FFS

· Rel-13 low complexity MTC UE assumes the legacy control region is set to 3 OFDM symbols

· Working Assumption: RE mapping for FDD and TDD are different in at least SF#0

· NOTE: The PBCH repetition may not be an integer

· Narrow down the options for PBCH coverage enhancement

· Choose among Option 1-A or 2-A or 3-B or 3-C or 4-B or 4-C in RAN1#80bis
In this contribution, we discuss the utilization of spare bits in MIB and analyze PBCH repetition options for MTC.
2 Discussion on remaining PBCH issues for MTC enhancement
2.1 Utilization of spare bits in MIB
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. Legacy PBCH is transmitted in the central 6PRBs, which is less than 1.4MHz. MIB contains 8 bits SFN information, 3 bits downlink system bandwidth information, 3bits PHICH configuration information and 10 spare bits. 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 (new SIBs) is necessary for Rel-13 bandwidth reduced UEs before decoding the common control messages during initial access. Indicating whether an eNB supports coverage enhancement function in MIB is beneficial for UE power consumption reduction.
Proposal 1: Spare bits in the MIB can be utilized to indicate necessary information for Rel-13 low complexity UEs.

· Indication of support of coverage enhancement should be indicated in the MIB.

· Indication of support of Rel-13 low complexity UEs and narrowband allocation information for common channel could also be indicated in the MIB
2.2 Detailed analysis on PBCH repetition
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. Considering the common design point of view, Option 1 or Option 2 is preferable as the repetition burst within the 40ms PBCH cycle.  
According to our simulation results in Rel-12([2]), PBCH repetition methods alone may not achieve the coverage improvement gap (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. 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. Twice and 3 times continuous PBCH repetition (i.e., 8 times and 12 times PBCH transmission within each 40ms period, corresponding to Option 1-A and Option 2-A) combined with 32 times “keep trying” decoding will bring about 10.7dB and 11.8dB gain respectively as shown in Figure A.3 that can meet the coverage improvement target. From power consumption point of view, an MTC UE only decodes PBCH/PBCH repetitions during initial access, PBCH acquisition has very minor impact on power consumption and the negative impact on UE battery life caused by prolonged PBCH decoding time would be minor. For the Rel-13 low complexity UEs, decoding complexity is the most important factor to choose the PBCH repetition options.

The comparison of overhead, latency and complexity for candidate PBCH repetition options are list in Table1. Both Option 1-A and 2-A can successfully decode PBCH within 1280ms and the overhead and decoding complexity of Option 1-A and 2-A is reasonable.

Table 1 Comparison of overhead, latency and complexity for candidate PBCH repetition Options
	PBCH repetition Options
	overhead 
(1.4MHz FDD)
	latency
	complexity

	1-A
	5.47%
	1280ms
	lowest

	2-A
	8.21%
	640ms ~ 1280ms
	slightly higher than 1-A

	3-B
	2.38% ~ 12.38%
	depending on configuration, may larger than 2560ms
	higher than 2-A

	4-B
	2.38% ~ 24.76%
	
	

	3-C

4-C
	depending on configuration
	depending on configuration
	highest


Compared with Option 1-A/2-A, Option 3-B, 3-C, 4-B and 4-C would bring additional detection complexity to the UEs. Option 3-B and 4-B are more flexible than Option 3-C and 4-C, but decoding time of Option 3-B or Option 4-B may be larger than 2560ms depending on the configuration of the eNB. The decoding complexity of Option 3-C and Option 4-C is highest in all the candidate options.
Proposal 2: Option 1-A or Option 2-A is preferable as the solution for PBCH repetition.
3 Conclusions
Considerations on utilization of spare bits in MIB and analysis on PBCH repetition are discussed in this contribution. We propose the followings:

 Proposal 1: Spare bits in the MIB can be utilized to indicate necessary information for Rel-13 low complexity UEs.

· Indication of support of coverage enhancement should be indicated in the MIB.

· Indication of support of Rel-13 low complexity UEs and narrowband allocation information for common channel could also be indicated in the MIB.
 Proposal 2: Option 1-A or Option 2-A is preferable as the solution for PBCH repetition. 
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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
