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1. Introduction
In RAN1#80, the following agreements have been made regarding PBCH: 
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 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

Conclusions:

· For RAN1 #80bis meeting,

· When evaluating options, companies should clearly define the configuration of transmission across 40ms cycles and the network and UE behaviors.

· Power consumption, latency, complexity, and overhead should be considered.

In this contribution, we provide our view on the PBCH channel design.  

2. PBCH Coverage Enhancements
In this contribution, we consider the other physical channels and signals for MTC, in particular, we discuss PBCH channel for MTC. 
One of the main design challenges for coverage enhancements is how to tradeoff between system overhead vs. link budget enhancements for broadcast channels. It has been agreed in Rel 12 WI phase that there is no need to introduce any change to PSS/SSS, and UE can rely on longer correlation time to acquire PCI from PSS/SSS. In this section, we analyze PBCH performance with different degrees of bundling in time. 
One example of PBCH repetition is shown in Figure 1, where PBCH is repeated in the same SF0 by using the other symbols: 
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Figure 1 PBCH with Repetition in SF0
Another example of PBCH repetition is shown in Figure 2, where PBCH is repeated in SF0, SF1, SF5 and SF6. 
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Figure 2: PBCH Repetition in SF0, SF1, SF5, SF6
In Table 1 below we present the required decoding time for different repetition levels targeting a decoding probability of 90% for different SNR values. We observe that the decoding time does not depend on the position of the repetitions, but only on the number of them (for example, repetition in SF0 has the same performance as transmission in SF0 and SF5), so we only plot the result with respect to the number of repetitions. The simulated channel is EPA 1Hz. In Figure 3 we show the decoding error probability per 40ms burst for different repetitions. We see that transmission in SF0-5 and repetition in 0 have the same performance, since they both have 2 repetitions. 
Table 1: PBCH Decoding Time at 90% Decoding Probability  
	EPA
	Legacy PBCH
	2 rep.
	3 rep.
	4 rep.
	6 rep.
	MCL

	SNR

[dB]
	Time

[ms]
	Time

[ms]
	Time

[ms]
	Time

[ms]
	Time

[ms]
	[dB]

	-15
	5500
	1000
	825
	680
	400
	156.5

	-14
	5000
	835
	505
	390
	260
	155.5

	-13
	1980
	670
	315
	270
	215
	154.5

	-12
	935
	425
	300
	235
	175
	153.5

	-11
	745
	265
	200
	120
	75
	152.5

	-10
	500
	225
	110
	70
	35
	151.5
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Figure 3 PBCH error probability

2.1. PSS/SSS detection time

In Table 2 we show the PSS/SSS acquisition time for an EPA1Hz channel, different SNR and assumptions on the PSS/SSS. Initial acquisition is PSS/SSS detection without any prior knowledge, reacquisition is PSS/SSS detection by knowing cell ID, TDD/FDD and CP length, and Reacq+tx antenna switching includes switching PSS/SSS between different tx antennas to have diversity. 
Table 2 PSS/SSS acquisition time for 90% detection
	SNR
	Initial acquisition
	Reacquisition
	Reacq + tx antenna switching

	-15dB
	1000ms
	625ms
	400ms

	-10dB
	250ms
	175ms
	100ms

	-5dB
	80ms
	35ms
	20ms


We observe that the acquisition time for -15dB is rather long, especially for initial acquisition. With a 5dB power boosting this time is reduced by approximately a factor of 4, and with 10dB power boosting by a factor of ~20. Also, the gain from reacquisition and virtual Tx antenna switching is more than a factor of 2 in all cases
2.2. Other considerations

· FDD/TDD configurations: The proposed repetition should be applied to both TDD/FDD configurations. 
· Irregular repetitions of PBCH: If a UE wants to take advantage of irregular repetitions of PBCH, it might need some time reference to know where these repetitions are happening. Thus, it would only help UE that are already connected. 
· Power boosting: Repeating PBCH beyond 4 times will decrease the decoding time, but PSS/SSS detection might still be slow due to low SNR. The overall cell acquisition time can be further reduced by power boosting PSS/SSS/PBCH. For example, if we power boost PBCH by 5dB, the decoding time for 4 repetitions is reduced from 680ms to 70ms (not accounting for channel estimation error). The same 5dB power boost reduces the PSS/SSS searching time by a factor of ~4.
3. Summary
In this contribution we presented our views on the PBCH design. We make the following proposals:

Proposal 1:

The PBCH repetition pattern is option 2A: always send repetition every 40 ms in subframes #0 and #5 in odd subframes. 
Proposal 2: 

The eNB might apply power boosting to PSS/SSS/PBCH to decrease acquisition time. FFS on the feasibility of the power boost level. 
Proposal 3:
Recommend PSS/SSS switching between different virtual Tx antennas in different transmission opportunities for diversity gain. 
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