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1
Introduction
There have been options (Option-1/2/3/4) to define the PBCH repetition burst within a 40ms PBCH cycle and other options (Option-A/B/C) for the configurations of the PBCH repetition burst across 40ms PBCH cycles. In RAN1 #80, the combinations of the options have been narrowed down as a progress as following [1]:

Agreements:
· Narrow down the options for PBCH coverage enh as follows:

· 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 RAN1#80bis 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.

· 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 on the remaining options for further progress on PBCH coverage enhancement for MTC UEs.
2
Evaluation Results of PBCH repetition options
In RAN1 #80, the PBCH repetition options have been narrowed down to 6 combinations and it is agreed that one of the option will be chosen in the RAN1 #80bis. The remaining options include the configuration options such as dynamic on/off of the PBCH cycle with repetitions (i.e. options 3-B and 4-B). The dynamic on/off of the PBCH cycle with repetitions (option-B) could be implemented by the option-C if a large enough number of repetition patterns are used. However, an issue raised for the option-B such that the UEs in coverage enhancement mode have no information about the PBCH repetition as it has an infinite number of repetition patterns and the UEs keep monitoring with the assumption that the PBCH repetition is used in every PBCH cycle, which may lead to a problem when a UE may not receive the coverage enhanced PBCH since the UE may not be able to distinguish between the PBCH reception failure even with PBCH repetition and the PBCH reception failure due to no PBCH cycle with repetitions. Therefore, it seems to be important that PBCH repetition configurations should be known to the UEs in coverage enhancement.

Proposal-1: the PBCH repetition configuration should be known to the UEs in coverage enhancement.    
Since the option-B could be implemented by the option-C with a larger number of repetition pattern, we evaluated the remaining options without the option-B such as options 1-A, 2-A, 3-C, and 4-C. For the options 3-C and 4-C, a couple of PBCH repetition cycles are assumed to see the PBCH detection delay according to the repetition overhead.
The table 1 shows the PBCH detection delay according to the PBCH repetition options and/or PBCH repetition cycle where SFN mod N indicates that the PBCH repetition is used for the PBCH cycle starts at the SFN mod N. For example, SFN mod 4 is the case that all PBCH cycle contains PBCH repetitions. 
Table 1. PBCH detection delay according to the PBCH repetition option (@ -14.2 dB)
	Configuration
	Detection Delay (ms) @ -14.2 dB 

	Options
	Cycle
	Overhead

(Sym/240ms)
	 Bits in MIB
	Mean
	Max
	Std. Dev.

	Legacy (40bits)
	 SFN mode 4
	NA
	40 bits
	202.38
	24840
	594.73

	Option 1A

 
	SFN mod 4

 
	120
	40 bits
	87.07
	4520
	175.38

	
	
	
	24 bits
	 85.29
	3600
	157.97

	Option 2A

 
	SFN mod 4

 
	228
	40 bits
	67.40
	3600
	113.68

	
	
	
	24 bits
	 60.63
	2200
	84.55

	Option 3C

 

 

 

 

 

 

 

 

 

 

 
	SFN mod 4

 
	336
	40 bits
	56.76
	2920
	77.42

	
	
	
	24 bits
	 51.49
	1280
	54.92

	
	SFN mod 8

 
	168
	40 bits
	88.6
	2960
	111.1

	
	
	
	24 bits
	82.1 
	1760
	82.9

	
	SFN mod 12

 
	112
	40 bits
	109.6
	3600
	137.9

	
	
	
	24 bits
	102.1 
	1800
	106.2

	
	SFN mod 16

 
	84
	40 bits
	122.9
	3040
	160.9

	
	
	
	24 bits
	 116.9
	2080
	129.6

	
	SFN mod 20

 
	67.2
	40 bits
	133.4
	3600
	179.8

	
	
	
	24 bits
	127.1
	2800
	147.5

	
	SFN mod 24

 
	56
	40 bits
	142
	3600
	203.6

	
	
	
	24 bits
	135.4
	2880
	167.2

	Option 4C

 

 

 

 

 

 

 

 

 

 

 
	SFN mod 4

 
	912
	40 bits
	47.25
	1120
	41.69

	
	
	
	24 bits
	 44.49
	800
	28.97

	
	SFN mod 8

 
	456
	40 bits
	76.6
	1440
	63.4

	
	
	
	24 bits
	 72.86
	880
	46.34

	
	SFN mod 12

 
	304
	40 bits
	96.9
	1440
	83.6

	
	
	
	24 bits
	92.34
	960
	65.02

	
	SFN mod 16

 
	228
	40 bits
	110.9
	1440
	102.7

	
	
	
	24 bits
	107.3 
	1120
	84.8

	
	SFN mod 20

 
	182.4
	40 bits
	122
	1600
	121.1

	
	
	
	24 bits
	118.3
	1400
	103.9

	
	SFN mod 24

 
	152
	40 bits
	130.9
	1920
	140.1

	
	
	
	24 bits
	 126.6
	1440
	119.7


From the table 1, it can be seen that the options requiring a larger repetition overhead provides a shorter mean detection delay in general but the differences between options for the mean detection delay are within one or two PBCH cycles. On the other hand, maximum detection delay shows much larger gap (up to 40 PBCH cycles) between options even with a similar repetition overhead. It is observed that the options with intermittent transmission (i.e. option 3C and 4C) shows much shorter maximum delay with a similar repetition overhead since it increases the detection probability in the PBCH cycle with repetitions.

Although the option 4C provides the shortest PBCH detection delay, it may not be able to use for some TDD subframe configurations due to the lack of downlink subframes in a radio frame. Note that TDD subframe configuration 0 has 2 downlink subframes and the other two subframes include DwPTS but DwPTS configuration is provided in SIB, thus it cannot be used for repetitions. Therefore, the option 4C doesn’t seems to be appropriate to keep the commonality between TDD and FDD for PBCH repetition.  

Proposal-2: choose option 3C as for the PBCH repetition.  
Since the PHICH configuration, downlink bandwidth, and spare bits are unnecessary for MTC UEs at the first place, the new PBCH may only contain SFN number (8 bits) and CRC (16 bits), resulting in 24 bits payload size which is almost half of legacy PBCH having 40 bits payload size.

It has been discussed that whether the compact PBCH (i.e. new PBCH) may provide better coverage when repetition is used as compared with reusing legacy PBCH. This issues has been raised because the new PBCH may not be able to accumulate the legacy PBCH as a part of repetition, although it has reduced payload size, the coverage may be worse than that for reusing legacy PBCH. This may be the case if the number of repetitions is a relatively small number. However, from the simulation results, it can be seen that the new PBCH provides shorter acquisition time always as compared with that for the legacy PBCH in all options in the list.
Proposal-3: new PBCH (24 bits) is used.  
3
Conclusion
In this contribution, we discussed on the PBCH repetition options and MIB contents for MTC UEs. From the discussions and observations, we propose followings:
Proposal-1: the PBCH repetition configuration should be known to the UEs in coverage enhancement.    

Proposal-2: choose option 3C as for the PBCH repetition.  
Proposal-3: new PBCH (24 bits) is used.  
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Annex
Table 2. Simulation assumptions

	Parameter
	Setting

	System bandwidth
	1.4 MHz

	Frame structure
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x1, low correlation

	Channel model
	EPA

	Channel estimation
	Realistic

	Doppler spread
	1Hz

	Performance target
	1% BLER


