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1 Introduction
In RAN1#79 it was agreed as a working assumption that the previous agreements related to PBCH from the Rel-12 work will be the basis also for the Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC”, as summarized in [1]. This includes the working assumption that the legacy PBCH is used, and is repeated as necessary in order to achieve the desired overall 15 dB coverage enhancement target. This includes the possibility to use more than one PBCH transmission per subframe. It is also a working assumption that the coverage enhancement target applies to Rel-13 low complexity UEs, including the use of a single antenna receiver. 
The amount of employed PBCH repetition is a tradeoff between increased MIB acquisition time for UEs operating in coverage enhancement, and the increased overhead. In Rel-12 it was agreed agreed RAN1 would choose one option from a shortlist of options.

· 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 
· 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.
Legacy PBCH is transmitted 4 times per 40 ms cycle, whereas Options 1-4 correspond to 8, 12, 16, and 32 PBCH transmissions per 40 ms cycle, respectively. 

In this contribution, simulation results showing expected acquisition times for Options 1-4, as well as legacy PBCH transmission, at an SNR level corresponding to the targeted overall 15 dB coverage enhancement. 
2 Simulation assumptions
The simulation assumptions used are based on the ones outlined in [1], and are summarized in Table 1. Since the limiting case is the scenario with a single RX antenna at SNR = -14.3 corresponding to the desired coverage enhancement target, results are only presented for this scenario.

The decoding strategy used is to perform repeated decoding attempts over each 40 ms cycle until the MIB has been successfully received. In the simulation setup, Option A above has been used, i.e. the same repetition structure is used in every 40 ms cycle. 
Table 1: Parameters used in SIB link simulations

	Parameter
	Value in SIB simulations

	Number of channel realizations
	1000

	System bandwidth
	10 MHz 

	UE receiver bandwidth
	6 PRBs

	Frame structure
	FDD 

	Carrier frequency
	2.0 GHz for FDD

	Antenna configuration
	2x1 (low correlation)

	Channel model
	EPA

	Doppler spread
	1 Hz 

	Frequency tracking error
	100 Hz initial (but smaller after AFC)

	Channel estimation
	Practical

	PBCH transmissions per 40 ms
	{4, 8, 12, 16, 32}

	Performance measures
	90th, 95th and 99th acquisition time

	SNR
	-14.3 dB


The practical channel estimation algorithm is realized with an IIR filter with a time constant corresponding to ~6 subframes. 
3 Simulation results

The CDFs of the acquisition time for the different options for PBCH repetitions are shown in Figure 1. The corresponding 90th, 95th and 99th percentiles of the MIB acquisition time are shown in Table 2. It is clearly shown that the worst case acquisition time of several seconds when using legacy PBCH only can be drastically reduced. Looking for example at the 99th percentile results, the acquisition time ranges from over 4 seconds for legacy PBCH down to under 1 second for Option 4, corresponding to 32 transmissions per 40 ms. 
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Figure 1: CDF of MIB acquisition time for the different PBCH repetition options.
Table 2
: MIB acquisition times at MCL = 155.7 dB, corresponding to 15 dB coverage enhancement target (SNR = -14.3 dB) 
	# PBCH repetitions per 40 ms
	Acquisition time

	
	90th percentile
	95th percentile
	99th percentile

	4 (Legacy)
	2240
	2760
	4160

	8 (Option 1)
	1000
	1400
	2080

	12 (Option 2)
	720
	960
	1680

	16 (Option 3)
	560
	800
	1280

	32 (Option 4)
	280
	400
	800


Which options to go for, both in terms of number of used repetitions per 40 ms cycle (Options 1-4), and how often these repetitions occur (Options A-C) is still an open question. It is clear from a system resource utilization perspective that continuous massive repetitions are not desirable, thus the combination of Option 4 and Option A is not recommended. It was also shown in [3] that the re-acquisition of MIB in case of long DRX cycles (or long TAU cycles for the Rel-12 UE power saving state mode) may have a significant impact on the battery life. This is one motivation for why it could be beneficial if the network can have some control over the MIB repetition pattern in order to optimize the behavior for e.g. different deployment scenarios, different network parameters, different service levels for MTC devices in need for coverage enhancement, etc. This may for example be achieved by adopting Option B. 
4 Conclusions

Simulation results for MIB acquisition times have been presented. Repetition of PBCH is an effective means of reducing the MIB acquisition time. The repetition strategy to adopt is the one that strikes the best balance between different factors such as acceptable acquisition time, UE energy consumption, system resource utilization, network flexibility with respect to different deployment scenarios, and optimization for different services.

It is recommended that some network control of the repetition pattern is introduced. Preferably the PBCH repetitions should always be optional for the network in order to allow a phased introduction of the features on the network side.
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