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1 Introduction
Document [1] provides the core requirements for the new MTC WI. One of the preferred techniques captured in [1] is repetition. This contribution analyses the potential impact of repetition upon the overall MTC UE access latency and particularly upon System Information detection. A work frame for a possible solution is proposed.
2 Discussion
2.1 System Information Broadcast Background
The System Information broadcasting is dominated, in MTC UE case, by the MIB/SIB1/SIB2 decoding sequence.
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Figure 2‑1. System Information broadcast diagram.

· MIB includes a limited set of parameters (SFN, PHICH configuration etc) necessary for a terminal to initially access a network. Due to specific coding and SFN information carried over by PBCH, MIB content is refreshed every 40 ms. Hence any PBCH(MIB) repetition pattern should be confined to max 40 ms.
· SIB1 includes parameters, requiring less frequent updating (10 s or more expected refresh rate), for a UE in order to determine if a corresponding cell is appropriate for cell selection and also information related to time domain scheduling of other SIBs. 
· SIB2 includes parameters on the shared common channel, including:
· Random access channel (RACH) related parameters 
· Idle mode paging configurations 
· Uplink physical control channel (PUCCH) and shared channel (PUSCH) configurations 
· Uplink power control and Sounding reference signal configurations 
· Uplink carrier frequency / Bandwidth 
· Cell barring information
The most dynamic information part of SIB2 is radioResourceCommon, comprising numberOfRA_Preambles and prach Config, requiring the most dynamic update (>100 ms refreshing rate).
· SIB1/2 content is carried over by PDSCH. Since PDSCH is subject to a certain amount of repetition patterns, the information contained in SIB1/2 will be subject to the same amount of repetitions.
2.2 MTC PBCH Support
The amount of PBCH replicas for the specific CW case is returned by the following:

	PHY Channel
	Target SINR
	Actual Tx Power
	Rx Sensitivity
	FDD MCL
	FDD Channel MCL
	Required Signal Repetition

	
	[dB]
	[dBm]
	[dBm]
	[dB]
	[dB]
	

	PBCH (MIB)
	-7.5
	36.8
	-108.2
	145.0
	10.7
	12


Table 2‑1 PBCH MTC replica estimation (MTC 1 Rx, MTC FDD System target = -15 dB )

It is noted that the amount of repetitions could be reduced if a +3 dB power boost would be applied on the CRS embedded in the PBCH allocation. However, since the impact on the related performance (Spectrum mask) is unknown until further RAN4 investigations, this solution can’t be retained at this time.
Therefore a possible MTC PBCH resource allocation is represented graphically by 
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Figure 2‑2 MTC PBCH resource allocation example.
The LTE Rel 8 MIB structure and PBCH instance type of coding are assumed.

Based on Figure 2‑2, the extra amount of RE usage across the main central 6 PRBs, required in order to support the above MTC PBCH solution (targeting -15 dB enhanced coverage) could require:
· 42.1% of the overall resource capability of the main central 6 PRBs

· 303.6 k RE/s (when applied to each of the 4 PBCH instances)

Observation 1: The overall resource requirements across the main 6 PRBS, when CE devices have to be supported (down to -15 dB enhanced coverage) is very PHY resource demanding and hence not sustainable.
Two solutions could emerge.

A. Intermittent CE PBCH

Such a solution, which could employ a high amount of PBCH repetitions (as presented in Figure 2‑2) should have a repetition rate of a 40k ms (k=1, 2, 3…). However, the latency impact upon the overall SI acquisition time should be further investigated.
Proposal 1: Further investigate the trade-offs between allocated resources and SI latency impact, when an intermittent PBCH solution is considered.

B. New CE PBCH Allocation and shorter MIB definition

· [1] and [2] indicated the work frame assumptions for CE devices employing a narrow band. Since the MTC allocated band is fixed, there is no need to advertise in the MIB BW bits.

· PHICH bits may not be employed anymore ([1], assuming a known amount of repetitions usable for the deepest CE devices. Hence, the known MIB structure could be abbreviated to 12 bits only (comprising 8 SFN MSB) and leaving 4 bits reserved for other usage.

While the other MTC devices positioned in regular coverage areas will use the Rel 8 PBCH/MIB, the CE devices would employ a 12 bit only MIB. The related RE usage, following the same coding structure specified by Rel. 8, but using a 8 bit CRC, will require:

(12+8) bit * 48/(4 (frames) *2*6)=20 RE/frame/PRB
Such a solution could support a more efficient packing, reducing the required resource allocations to:
· 21.1% of the overall resource capability of the MTC 6 PRBs

· 151.8 k RE/s (when applied to each of the 4 PBCH instances)

This technique has two advantages:

· It preserves the (ideal) PBCH acquisition time of 40 ms (as opposed to the intermittent PBCH case).
· It reduces the significant PBCH resource allocation for MTC PBCH, when a 40 ms repetition rate is targeted.

Proposal 2: Consider a new MTC PBCH, specified across the MTC band, employing a reduced MIB. 

2.3 System Information Acquisition Latency for CE Devices
The details of PRACH duration for a coverage deficit device are presented in [4].
The overall access latency information acquisition latency (PSCH(PBCH(PRACH(PDSCH(SIB1+SIB2)) for a coverage deficit device located at -15 dB bellow cell edge levels is calculated. The assumptions made in [1], [2], [4] and an ideal AWGN propagation channel are used.
	PHY Channel/
Signal
	Target SINR
	Tx Power
	Rx Sensitivity
	FDD MCL
	FDD MCL
	Req’d Repetition
	Signal/ Frame
	Latency

	
	[dB]
	[dBm]
	[dBm]
	[dB]
	d
	
	
	[ms]

	RA Preamble
	-10
	23
	-118.7
	141.7
	14.0
	26
	2
	130

	RA Response (PDSCH)
	-4
	32
	-109.4
	141.4
	14.3
	26
	2
	130

	Mess 3 (PUSCH)
	-4.3
	23
	-117.7
	140.7
	15.0
	26
	2
	130

	PBCH (MIB)
	-7.5
	36.8
	-108.2
	145.0
	10.7
	12
	0.25
	40

	PDSCH(SIB1)
	-4
	32
	-109.4
	141.4
	14.3
	27
	0.125
	2160

	PDSCH(SIB2)
	-4
	32
	-109.4
	141.4
	14.3
	27
	0.0625
	4320

	PSCH (PSS)
	-7.8
	36.8
	-108.5
	145.3
	10.4
	11
	2
	55

	PSCH (SSS)
	-7.8
	36.8
	-108.5
	145.3
	10.4
	11
	2
	55

	
	Total [ms]
	7020


Table 2‑2. Estimated overall latency of the initial access procedure for a (-12…-15)dB coverage MTC device.
It should be noted that the above simulations return optimistic results since the following assumptions were assumed:

· Ideal propagation channel conditions (AWGN)

· Ideal LO (no frequency tracking error)

· No access latency impact due to the repetitions applied on (e)PDCCH. Blind decoding time is not accounted for [3].

· MTC PBCH has the same periodicity as the legacy PBCH.

While under these quasi ideal conditions, SI acquisition latency for a -15 dB hole device exceeds 7s, we can estimate that the overall access time for a deep hole MTC UE device, under real conditions could exceed 10 s.
Observation 2: CE devices may face an overall access latency >10s range, which exceeds by far the latency recommendations [5]. 
Observation 3: SIB1 and SIB2 acquisition time, for CE devices, represents the major lead latency component. 
Proposal 3: One or more new SIBs would be required in order to support a reduced access latency time for coverage deficit MTC devices.

2.4 SIB Support for Coverage Enhanced Devices
Based on the analysis run in the previous sections, a CE device may execute an initial access, which could have an
estimated access latency in the 10 s range. Since decoding SIB1/2 represents the lead time for a CE device access

and considering the semi-static character of most of SIB 1 and SIB2 information:

· A subset of SIB1 and 2 information refreshed with a lower rate (seconds or more) could be identified.

· The CE device could store this information following the initial access.

· The more dynamic information part of SIB2, affecting deep hole MTC devices could be identified and used to define a new MTC SIB, being broadcast with a higher repetition rate and lower periodicity in order to shorten SIB1/2 access latency.

· Any changes in the lower refresh rate of SIB1/2 could be advertised on MIB. Since the new MIBxM is expected to have a lower size and a higher repetition rate, the overall SIB1/2 access time for a deep hole MTC device could be lowered from >7 s to around 100 ms (dependent on the repetition sequence chosen).
· Proposal 4: Request RAN2 support on considering a new faster access SIB dedicated for coverage deficit MTC devices.
3 Conclusions

The following observations and conclusions emerge from this analysis concerning SIB1/2 support for deep hole MTC traffic.

Observation 1: The overall resource requirements across the main 6 PRBS, when CE devices have to be supported (down to -15 dB enhanced coverage) is very PHY resource demanding and hence not sustainable.
Observation 2: CE devices may face an overall access latency >10s range, which exceeds by far the latency recommendations [5]. 
Observation 3: SIB1 and SIB2 acquisition time, for CE devices, represents the major lead latency component. 
Proposal 1: Further investigate the trade-offs between allocated resources and SI latency impact, when an intermittent PBCH solution is considered.
Proposal 2: Consider a new MTC PBCH, specified across the MTC band, employing a reduced MIB.
Proposal 3: One or more new SIBs would be required in order to support a reduced access latency time for coverage deficit MTC devices.

Proposal 4: Request RAN2 support on considering a new faster access SIB dedicated for coverage deficit MTC devices.
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