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1 Introduction
Significant progress was achieved in the last meeting on MTC SIB design [1]. One of the remaining issues is the details of MTC SIB1 scheduling. RAN1 agreements on MTC SIB1 scheduling are stated below [2]. 

Scheduling information for MTC SIB1

· TBS of MTC SIB1 is based on information in the MIB.

· Frequency location of MTC SIB1 is derived from at least PCID.

· Time location 

· Possible subframes are {0,4,5,9} for FDD and {0,5} for TDD. FFS subframes {1,6} for TDD. 

· FFS: Whether the subframes and frames are signaled in MIB and/or fixed/predefined in specification.

In this contribution, we present our views on MTC SIB1 scheduling issues from RAN2’s perspective. 
2 SIB1 scheduling for Rel-13 MTC
According to RAN1 evaluations [3], the number of repetitions required for SIB in order to support coverage enhancements can be very large, e.g. for SNR of -14.3dB, ~150 repetitions are required for SIB size of 328 bits (10 MHz system bandwidth, 1 Rx antenna, 6 PRBs, EPA (1 Hz) channel, 1% BLER target).  RAN1 has also agreed that (up to) 4 subframes per frames could be assigned for MTC SIB1 transmission. Continuous repetitions of MTC SIB1 can deprive the network of resources needed for other purposes. Therefore, it is reasonable to adopt intermittent transmission for MTC SIB1. Intermittent transmission is already performed for SI messages and is determined by the SI-window length and the SI-periodicity. Similarly MTC SIB1 window and MTC SIB1 periodicity can also be defined to determine the MTC SIB1 intermittent transmission pattern.
Observation 1: To manage MTC SIB1 resource overhead, network should be able to configure the intermittent transmission pattern of MTC SIB1. The intermittent transmission pattern is defined by MTC SIB1-window and MTC SIB1-periodicity.
Assuming a fixed number of subframes for MTC SIB1 transmission in a radio frame, the MTC SIB1 window length effectively determines the total number of repetitions (hence, the coverage level) for MTC SIB1. If combining across MTC SIB1 window is allowed by the UE as agreed for MTC SI messages, the window length and the number of windows within the MTC SI modification period determines the total number of repetitions. The MTC SIB1 window periodicity also affects MTC SI acquisition latency. There are several alternatives for the UE to be indicated the MTC SIB1 window length and MTC SIB1 window periodicity:

Alt 1: MTC SIB1 window length and periodicity are predefined in the specification.

· The window length and periodicity can be configured to support the maximum coverage level. It is the simplest alternative from specification point of view. However, for cells that do not support the maximum coverage level, there can be excessive resources used for MTC SIB1 transmission.
Alt 2: Multiple MTC SIB1 window lengths and periodicities are predefined in the specification (e.g. two values) and the window length to assume is indicated in MTC MIB (e.g. 1 bit)
· This alternative allows some control for the network to manage the MTC SIB1 resource according to the CE level supported, and the specification effort is not significant. However, it requires use of additional bit(s) in MTC MIB.
Alt 3: MTC SIB1 window length and periodicity are determined by other parameters indicated in MTC MIB, such as the supported CE level of the cell and the TBS of MTC SIB1.

· This alternative can minimize the MTC SIB1 resource overhead subject to the CE level supported by the cell. But more specification effort may be needed for this alternative

All alternatives should be further studied.
Observation 2: It should be discussed if MTC SIB1 combining across MTC SIB1 windows are supported.

Observation 3: The alternatives to determine the MTC SIB1 window length and MTC SIB1 periodicity (equivalent to the number of the repetition subframes for MTC SIB1) as proposed should be further studied.
In the present specification, SI windows of different SI messages do not overlap. If MTC SIB1 window is defined, similar behavior can be adopted as shown in Figure 1.

However, according to their recent agreement, the subframes used for MTC SIB1 transmission would be limited ({0,4,5,9} for FDD and {0,5} (FFS for {1, 6}) for TDD according to current RAN1 agreements) since MTC SIB1 needs to be acquired by the LC/EC UE before the TDD configuration and MBSFN subframe config are acquired. Depending on the actual TDD config and MBSFN config, this implies that not every available DL subframes can be used for MTC SIB1 transmission, and those resources can potentially be used for other MTC SI message transmissions. This means that MTC SIB1 window and the other MTC SI message windows can potentially overlap as shown in Figure 2. This option improves the resource utilization for MTC SI broadcast. 

However, in subframes where both MTC SIB1 and MTC SI messages are supposed to be transmitted, further discussion is needed on whether both can transmitted (separated in frequency, but LC UE need only decode one of them depending on need) or only one can be transmitted (e.g. SI message is dropped). Allowing both to be transmitted in the same subframe implies that the frequency location (frequency hopping pattern) of MTC SIB1 and MTC SI message should also be dependent on the SI type. For narrowband system such as 1.4MHz, this option is not possible. If only one is transmitted, the number of repetitions is no longer constant within the same time period. Further discussion would be needed if the subframe where dropping occurs should not be counted towards the MTC SI window length.  
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Figure 1: Non-overlapping MTC SIB1 window and MTC SI message windows
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Figure 2: Overlapping MTC SIB1 window and MTC SI message windows
Observation 4: It should be discussed if MTC SIB1 window can overlap with the MTC SI message windows or not. 
3 Conclusions
Our observations and proposals are summarized below.

Observation 1: To manage MTC SIB1 resource overhead, network should be able to configure the intermittent transmission pattern of MTC SIB1. The intermittent transmission pattern is defined by MTC SIB1-window and MTC SIB1-periodicity.
Observation 2: It should be discussed if MTC SIB1 combining across MTC SIB1 windows are supported.

Observation 3: The alternatives to determine the MTC SIB1 window length and MTC SIB1 periodicity (equivalent to the number of the repetition subframes for MTC SIB1) as proposed should be further studied.

Observation 4: It should be discussed if MTC SIB1 window can overlap with the MTC SI message windows or not. 
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Appendix
Table 2 summarizes the approximate number of repetitions required at SNR = -4dB. Note that each SIB transmission uses 6 PRBs.

Table 2. Approximate number of repetitions required (SNR = -4dB).
	# bits
	# ant
	1 RX
	2 RX

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

	
	BLER
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	152
	4-7
	16
	2
	7
	1-2
	10
	1
	2

	328
	6-12
	16-32
	4-6
	10
	2-3
	4-15
	1-2
	2-5

	504
	12-15
	30-40
	8-12
	12-20
	3-5
	8-18
	2-3
	3-7

	1000
	20-24
	40-80
	15-25
	20-40
	6-10
	16-25
	4-8
	6-12


Table 3 summarizes the estimated number of repetitions required at SNR = -14.3dB 
Table 3. Approximate number of repetitions required (SNR = -14.3dB).
	# bits
	# ant
	1 RX
	2 RX

	
	Channel
	EPA1
	ETU1
	EPA1
	ETU1

	
	BLER
	10%
	1%
	10%
	1%
	10%
	1%
	10%
	1%

	152
	60
	100
	40
	80
	30
	50
	25
	40

	328
	100
	150
	60
	100
	40
	75
	35
	60

	504
	120
	x
	100
	x
	50
	x
	50
	x

	1000
	160
	~500
	120
	x
	80
	x
	x
	x
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