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1 Introduction

During RAN #60 meeting, “New WI: Low cost & enhanced coverage MTC UE for LTE” ([1]) was approved.   One objective of this work item is to 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:

· Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels

· A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.

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

· A relaxed requirement for “probability of missed detection” for PRACH.

· 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 minimised where possible.
In RAN1 #74bis meeting, agreements on PBCH as achieved as below:

“Agreements:

· 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”
In this contribution, we evaluate and analyze the potential coverage enhancement solutions for physical broadcast channel transmissions for the new UE category MTE UEs and other UEs operating delay tolerant MTC applications.
2 Candidate  coverage enhancement techniques for PBCH
Considering the 15dB coverage enhancement target for FDD and TDD, the coverage enhancement gap for PBCH is 6.7dB for 2Rx MTC UEs and about 10.7dB (4dB coverage loss caused by 1Rx) for the new category low cost MTC UEs with 1Rx. 
Repetition should be specified as a method to improve coverage as agreed in RAN1 74bis meeting. Compared to legacy PBCH, 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 as shown in Figure A.1.
Intermittent repetition could be applied to minimize the spectral efficiency loss. The intermittent period may be transparent to MTC UEs. 
 “Keep Trying” PBCH decoding method is an implementation related solution without any specification changes as discussed in [3]. The decoder simply keeps trying to decode PBCH transmissions until the decoder eventually gets lucky and decodes it correctly. 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.
 In order to achieve 10.7dB coverage improvement target with acceptable decoding latency and resource occupation, the combined solutions for PBCH coverage enhancement should be evaluated/analyzed.
3 Evaluation/analysis on combined PBCH coverage enhancement solutions
Two combined solutions are evaluated in this contribution.

· continuous repetition combined with “keep trying” decoding 

· intermittent repetition combined with “keep trying” decoding

3.1 Continuous repetition combined with “keep trying”
Figure 1 shows the performance of continuous repetition combined with “keep trying” decoding (simulation assumption in Table A.1).  Compared to legacy PBCH, 2 times, 3 times and 4 times continuous repetition (i.e., 8 times, 12 times and 16 times PBCH transmission within each 40ms period of “keep trying” decoding time) combined with 16 times “keep trying” decoding (decoding time is 640ms) will bring about 9.3dB, 10.2dB and 11dB gain respectively. While 2 times and 3 times continuous repetition combined with 32 times “keep trying” decoding (decoding time is 1280ms) will bring about 10.7dB and 11.8dB gain respectively.
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Figure 1 Performance of continuous repetition combined with “keep trying” decoding
Observation 1: 4 times continuous repetition of legacy PBCH combined with 16 times “keep trying” decoding or 2 times continuous repetition of legacy PBCH with 32 times “keep trying” decoding can achieve coverage improvement target of PBCH. 
Compared with the simulation results in Figure A.1  and A.2,  performance gain of 2 times continuous repetition of legacy PBCH combined with 16 times “keep trying” decoding approximately equals to the summation of gain by 2 times repetition of legacy PBCH and gain of 16 times “keep trying” decoding.
Observation 2: The gain of continuous repetition combined with “keep trying” decoding approximately equals to the summation of repetition gain and “keep trying” decoding gain.
3.2 Intermittent repetition combined with “keep trying”
Figure 2 shows the performance of intermittent repetition combined with “keep trying”. Compared to legacy PBCH, 4 times, 8 times and 16 times intermittent repetition of legacy PBCH (i.e., 16times, 32 times and 64 times PBCH transmission within the first 40ms period of “keep trying” decoding time) combined with 16 times “keep trying” decoding (decoding time is 640ms ) will bring about 8.3dB, 9.2dB and 11.1dB  gain respectively. While 8 times and 12 times intermittent repetition of legacy PBCH (i.e., 32 times and 48 times PBCH transmission within the first 40ms period of “keep trying” decoding time) combined with 32 times “keep trying” decoding will bring 10.2dB and 11.2dB gain respectively. For the last case the intermittent repetition cycle equals to 32*40ms. 
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Figure 2 Performance of intermittent repetition combined with “keep trying” decoding
Observation 3: 16 times intermittent repetition of legacy PBCH combined with 16 times “keep trying” decoding  or 12 times intermittent repetition of legacy PBCH with 32 times “keep trying” decoding can achieve coverage improvement target of PBCH. 
The simulation results in Figure 2 and Figure A.1 show that 12 times intermittent repetition of legacy PBCH combined with 32 times “keep trying” decoding can bring additional 2.6dB compared to 12 times intermittent repetition of legacy PBCH (i.e., 48 times PBCH transmission).
Observation 4: Intermittent repetition combined with “keep trying” can bring more gains than intermittent repetition only.
3.3 Analysis on above two solutions
2 times, 3 times and 4 times continuous repetition of legacy PBCH combined with 16 times “keep trying” decoding will occupy about 5.7%, 8.57%, 11.4% resource for FDD system if system bandwidth is 1.4MHz, while legacy PBCH only occupy about 2.86% resource. 
Considering resource occupation for PBCH repetition, intermittent repetition may be applied to reduce the spectral efficiency loss. But resource occupation in one frame may be high for intermittent repetition that will increase scheduling complexity. Potential resource collision and decoder complexity should also be taken into consideration. For continuous repetition, it’s easy to arrange small repetition times such as 2 times repetition within each 40ms PBCH scheduling cycle.
When designing the repetition patterns for PBCH, it is preferable to arrange the resources applicable for both FDD and TDD system. If same repetition resources are assumed for FDD system and TDD system with all UL-DL configuration, PBCH repetitions may be allocated in subframe 0 when SFN % 4 = 0 or 2 while PBCH repetitions may be allocated in subframe 0 and 5 when SFN % 4 = 1 or 3. 
If same repetition resources are assumed for FDD system and TDD system with all UL-DL configurations, 16 times intermittent repetition of legacy PBCH cannot work when TDD UL-DL configuration 0, 1, 6, while 12 times intermittent repetition of legacy PBCH cannot work when TDD UL-DL configuration 0 and 6. In addition, compared with continuous repetition combined with “keep trying” decoding, the decoder complexity of intermittent repetition combined with “keep trying” is higher because UEs don’t know which subframe and/or radio frame includes repetition. 
Comparison of two solutions (both of them can achieve the coverage enhancement target) is summarized in Table 1.
Table 1 Comparison of two combined solutions

	
	2 times continuous repetition combined with 32 times “keep trying” 
	12 times intermittent repetition combined with 32 times “keep trying” 

	Resource occupation(for FDD system with 1.4MHz bandwidth)
	5.71%
	3.84%

	Scheduling flexibility for other channels
	High 
	Low 

	Decoding time
	1.28s
	1.28s

	Keep trying frequency
	2*4
	12*4

	Specification impact
	Additional resource allocation needed, where the resource size is same as that of legacy PBCH in each PBCH scheduling cycle.
	1) intermittent cycle may need to be determined
2) Additional resource allocation needed, where the resource size is 11 times of legacy PBCH in the first 40ms PBCH scheduling cycle.
3) potential resource collision
4) not available for some TDD configuration


Note given the relaxation of latency requirement, the 2X continuous repetition could also be complemented with frequent intermittent normal 40ms PBCH transmission period in between. The only differences with pure continuous repetition + KT is this approaches may need increase latency.

The result and analysis actually demonstrate the benefit of using relative small number of repetition with keep trying. Based on above analysis, we propose:
Proposal 1: 2 times continuous repetition combined with “keep trying” decoding, or 2/3 times repetition with frequent intermittent transmission combined “keep trying”, should be adopted for PBCH coverage enhancement.

Proposal 2: When designing the repetition patterns for PBCH, it is preferable to arrange the same resources applicable for both FDD and TDD system.
4 Conclusions
In this contribution, we analyzed the potential coverage enhancement techniques for physical broadcast channel transmission for MTC UEs with the new UE category. We make the following observations and proposals:
Observation 1: 4 times continuous repetition of legacy PBCH combined with 16 times “keep trying” decoding or 2 times continuous repetition of legacy PBCH with 32 times “keep trying” decoding can achieve coverage improvement target of PBCH.
Observation 2: The gain of continuous repetition combined with “keep trying” decoding approximately equals to the summation of repetition gain and “keep trying” decoding gain.
Observation 3: 16 times intermittent repetition of legacy PBCH combined with 16 times “keep trying” decoding  or 12 times intermittent repetition of legacy PBCH with 32 times “keep trying” decoding can achieve coverage improvement target of PBCH. 

Observation 4: Intermittent repetition combined with “keep trying” can bring more gains than intermittent repetition only.
Proposal 1: 2 times continuous repetition combined with “keep trying” decoding, or 2/3 times repetition with frequent intermittent transmission combined “keep trying”, should be adopted for PBCH coverage enhancement.

Proposal 2: When designing the repetition patterns for PBCH, it is preferable to arrange the same resources applicable for both 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”
