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1. Introduction
In RAN #60, WI on Low cost & enhanced coverage MTC UE for LTE was approved [1]. One of objectives of the WI is to provide a relative LTE coverage improvement – corresponding to 15dB for FDD. It is also noted that “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.”
2. Discussions
2.1 Background
Based on new [1] requirements and on assumptions made in section #5.2.1.2 [2], the following link budget, concerning PBCH when required to support deep coverage devices as specified by [1], is estimated
Table 1. Link budget of PBCH, FDD MCL, and repetition for MTC in coverage hole
	PHY Channel/ Signal
	Target SINR
[dB]
	Actual Tx Power
[dBm]
	Rx Sensitivity
[dBm]
	FDD MCL
[dB]
	FDD MCL
[dB]
	Repetition

	PBCH (MIB)
	-7.5
	36.8
	-108.2
	145.0
	11.4
	14


Where:

FDD Maximum Coupling Loss (MCL) represents the difference between the actual FDD MCL of PBCH and the FDD MCL of PDSCH plus 15dB as required coverage enhancement, based on assumptions presented in section 5.2.1.2 [2].
It should be mentioned that PBCH MCL requires an extra 4 dB coverage compared with Table 5.2.1.2-2 [2], since only one Rx MTC UE configuration is employed.

We note the following:

· Any possible power boost applied to CRS should be analyzed in the perspective of spectrum mask impact (the more slots are subjects to CRS power boost, the higher spectrum mask impact expected) and inter-cell interference.

· Boosting the 1st PBCH instance power may require further analysis since a degradation of PDSCH Rx performance could be incurred, due to the increased noise generated by the adjacent channel effect, given the poor LO performance employed by a low-cost device.

· In order to offset 11.4dB MCL for PBCH (see Table 1) and support 1 Rx MTC UE WI recommendation, 14 repetitions of PBCH instance would be required (assuming ideal AWGN channel propagation). This is equivalent to 3360 occupied REs per 6 PRBs, which represents an occupancy ratio of 48.6%. It should be noted that this represents an ideal case; a realistic case employing an EPA 1 Hz channel driving to an even higher occupancy ratio.
Observation 1: Any power boosting proposal applied to PBCH should be backed by a related spectrum mask impact and inter-cell interference analysis.
Observation 2: The legacy PBCH can’t properly support deep coverage hole MTC access, by implementing repetition sequences on each of the 4 instances of legacy PBCH.
Proposal 1: A new MTC PBCH (located on MTC band) should be considered.
2.2 Solution Work-frame
It is reported that in order to provide “enhanced coverage” to MTC UEs located in coverage holes, repetition will have to be mainly used for each physical channel [2]. For instance, 14 times repetition per each OFDM symbol instance of PBCH would be required to achieve 11.4 dB PBCH coverage enhancement if power boosting is not employed. In order to make radio resource occupancy low, a new PBCH dedicated for deficit coverage MTC devices with a longer periodicity should be considered.  Depending on the low-cost MTC QoS, multiples of the refresh rate of the legacy PBCH could be considered (e.g. 160, 320, 640 ms etc) as the transmission periodicity of the new PBCH. The way how SFN information is provided by the new PBCH should be subject to further study. 
Power consumption of MTC UEs while they are searching the PBCH can be reduced if they know the timing that the PBCH will be transmitted. In order to do that, a new physical discovery signal broadcasting the timing of PBCH transmission could be considered. If MTC UEs detect this information before detecting target PBCH, it can stop radio signal processing until PBCH transmission will take place. Similar arguments can be made for paging information and/or PRACH opportunity that might also be less frequent depending on the system design. 
The advantages of a new PBCH dedicated for coverage deficit MTC devices are:

1. Better spectrum efficiency by reducing the occupancy ratio of the central 6 PRBs.

2. Since this new PHY channel is dedicated to MTC devices only, it should be hosted by the DL MTC Band (which has an asymmetrical lower loading than the UL MTC one). Hence no impact upon human traffic spectral efficiency should occur.

3. Significant power savings for the MTC devices which become significant when these devices are battery operated.

Hence we propose:
Proposal 2: To minimize resource usage, a new PBCH for MTC is transmitted employing a longer periodicity in the time domain.

Proposal 3: A new physical layer signal is introduced to notify the UE of the time until the next PBCH transmission, paging transmission or PRACH opportunity. 
3. Conclusions

In this contribution, we pointed out that the periodicity of PBCH transmission would have to be reduced to avoid a significant resource occupation when massive repetition is employed in order to provide “enhanced coverage”.  Accordingly we made the following observations and proposals:
Observation 1: Any power boosting proposal applied to PBCH should be backed by a related spectrum mask impact and inter-cell interference analysis.
Observation 2: The legacy PBCH can’t properly support deep coverage hole MTC access, by implementing repletion sequences on each of the 4 instances of legacy PBCH.
Proposal 1: A new MTC PBCH (located on MTC band) should be considered.

Proposal 2: To minimize resource usage, a new PBCH for MTC is transmitted employing a longer periodicity in time domain.

Proposal 3: A new physical layer signal is introduced to notify the UE of the time until the next PBCH transmission, paging transmission or PRACH opportunity. 
References
[1] RP-130848, “New WI: Low cost & enhanced coverage MTC UE for LTE,” Vodafone, RAN#60, Oranjestad, Aruba, Jun. 10-14, 2013.
[2] TR36.888 v12.0.0 (2013-06). “Study on provision of low-cost MTC UE based on LTE (Rel 12)”, June 2013
PAGE  
3/3

