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Introduction
The Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1] includes three main objectives: (1) specify a new Rel-13 low complexity UE category for MTC operation, (2) achieve LTE coverage improvement corresponding to 15 dB for FDD, and (3) minimize UE power consumption. For the new low complexity UE, reduced UE bandwidth of 1.4 MHz in downlink and uplink is considered as the most important complexity reduction technique.
In this paper we discuss the scheduling parameters for SIBs other than SIB1-BR for Rel-13 low-complexity and enhanced coverage UEs.
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Since there have been agreements for the si-WindowLength and the si-Periodicty and the frequency position and hopping, the only remaining open issues for SI-message scheduling are which subframes should be used for the SI-message repetitions. These parameters will be added to the SchedulingInfoList.
The following has been agreed in RAN1#83:
· Scheduling information for an SI is given by –
· Narrowband index
· All the 6 PRBs in the narrowband are used
· MCS
· QPSK is always used
· TBS
· Possible values are {152, 208, 256, 328, 408, 504, 600, 712, 808, 936}
· Subframe offset to indicate the starting subframe (relative to the start of the SI window)
· Possible values are up to RAN2 
· Number of repetitions within SI window
· Possible values are up to RAN2 
· Time interval between repetitions
· Possible values are up to RAN2 

Available DL subframes - Overview
In this section, we discuss how to sort out which subframes are available to use for SI-message transmission. To specify which subframes to use for SI-message transmission we must first sort out which subframes are available. All downlink subframes are not free to use for eMTC due to legacy signalling and possible future features (e.g. MBSFN, dynamic TDD, small cells, eICIC.  See [19] for more discussion). RAN1 has agreed that available DL subframes should be made known to eMTC UEs:
RAN1#82 agreement:
· The set of subframes to be used for downlink transmissions can be explicitly and cell-specifically signalled by the eNB by SIB1bis (from RAN1 perspective) 
· If the explicit signaling is not present, a default operation is defined by RAN1 

RAN1#83 agreement:
· When valid DL subframes are indicated with a bitmap in SIB1bis, the bitmap length 10 and 40 bits is supported.
The bitmap has further been described in the RRC parameter document in [18] (truncated):
	Parameter name in specification
	Parameter name in text
	Description
	Value range
	Default value
	UE specific/Cell specific
	Comment

	Valid subframes for FDD DL or TDD transmission
	fddDownlinkOrTddSubframeBitmapLC
	The set of valid subframes for FDD downlink or TDD transmissions
	bitmap
10 or 40 bits
	Signalled non-MBSFN subframes are considered as valid DL subframes.
If no MBSFN configuration is signalled then all DL subframes are considered as valid DL subframes.
All TDD UL subframes are considered as valid UL subframes.
	Cell specific
	The set of subframes to be used for downlink or uplink transmissions can be explicitly and cell-specifically signalled by the eNB by SIB1bis (from RAN1 perspective).
When valid DL subframe indication is not provided by SIB1bis, the default behavior is: MBSFN configuration is given in MTC-SIB2. For broadcast PDSCH other than SIB1bis/MTC-SIB2, M-PDCCH, and unicast PDSCH, only non-MBSFN subframes are considered as valid subframe.


It is optional for the eNB to provide this RRC parameter and the UE behavior for acquiring system information will be different depending on whether or not the bitmap is present.
When available DL Subframe bitmap is not provided:
If the bitmap of available DL subframes is not provided in SIB1bis, a UE will, according to RAN1 agreement, assume that all subframes are available subframes:
RAN1#82bis agreement on valid downlink subframes:
· …..
· When valid DL subframe indication is not provided by SIB1bis, the default behavior is:
· MBSFN configuration is given in MTC-SIB2
· For broadcast PDSCH other than SIB1bis/MTC-SIB2, M-PDCCH, and unicast PDSCH, only non-MBSFN subframes are considered as valid subframe. 
· …

For a UE acquiring the SI this means that it can assume that all subframes where either SIB1bis or the SI-message containing SIB2 are scheduled are available DL subframes. However, for acquiring the other SI-messages it must first read the MBSFN-configuration in SIB2 and only consider non-MBSFN subframes. 
For the eNB this means that it must ensure that the SI-message containing SIB2 is scheduled in available DL subframes, i.e. not in subframes in use for MBSFN or anything else. (If that is not possible using the agreed SI scheduling parameters, i.e. the offset and number of repetitions above, the eNB must instead explicitly include the ‘available DL subframe’ bitmap in SIB1bis.)
When available DL Subframe bitmap is provided:
The UE will in this case immediately find out which subframes are available from the bitmap of available DL subframes and apply that to the acquisition of the SI-message containing SIB and the MBSFN-configuration. Since the full MBSFN-configuration is up to 240 bits, the bitmap of available DL subframes will not be able to show the full set of available subframes but rather just a subset using 10 or 40 bits.

Subframe offset
As stated above it is agreed by RAN1 to use a subframe offset to indicate the starting subframe (relative to the start of the SI window) of the SI-message repetitions. When available DL subframe bitmap is not provided this offset may be needed to avoid the MBSFN-subframes for scheduling if the SI-message contains SIB2. Therefore we propose the following values {0, 1, 2, 3, 4, 5, 6, 7, 8, 9} for the offset. However, if the ‘available DL subframe’ bitmap is included in SIB1bis the offset may not be needed and should therefore be optional.
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Number of repetitions
In the RAN1 agreement it is said that value ranges for both the number of repetitions within the SI window and the time interval between repetitions should be specified. In our opinion, this is over-specifying and not desired since it will lead to conflicting configurations (for example, how should the UE interpret 64 repetitions with 10 ms interval in a 80 ms SI window?) and secondly it unnecessarily increases the size of SIB1bis, leading both to increased UE power consumption due to longer acquisition time and increased system signaling overhead. The only rational argument for having both is if it is desired to have a bundle of repetitions in the beginning of the SI-window and no repetitions at the end. We see no reason why this should be needed and would only result in worse time diversity.
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We therefore propose to distribute repetitions uniformly and use only one of the parameters (and not to specify any values at all for the other, which should be in line with the RAN1 agreement). Since the time interval between repetitions (I) for a uniform distribution of repetitions is directly dependent on the number of repetitions (R) as I=si-WindowLength/R. It does not matter if the number of repetitions or the time interval between repetitions is selected, but we propose the former since it is more conform with what is used for CE in other instances already. 
The agreed range for the SI-window length is {20, 40, 60, 80, 120, 160, 200} ms [10]. Further, according to [12] a large SI-message would require up to ~300 repetitions at high CE in order to be successfully decoded. Although it has been agreed that UEs in high CE will need to accumulate over several SI-windows it can still be of interest (e.g. for the case of a long SI periodicity) to be able to have dense repetitions such that accumulation over more than a couple of SI-windows is not needed. Therefore the range for number of repetitions may go up to ~100. Configuring a cell which does not support CE on the other hand, there is a need for relatively few repetitions also within a long SI-window, e.g. the range for number of repetitions may go down to 1. 
When available DL Subframe bitmap is not provided:
Based on the discussion in the previous section, the eNB may have to schedule the SI-message that contains SIB2 such that it does not collide with the MBSFN subframes in use. Therefore SI-message repetitions should also have the same 10 ms or 40 ms periodicity as the MBSFN subframes. If repetitions are spread over the SI-window by other means it can lead to collisions with MBSFN-subframes as shown in the below figure:
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We therefore propose that the number of repetitions is specified per radio frame.
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The value range is based on the discussion in the beginning of the section and with the agreed range for si-WindowLength this could provide configurations from 1 up to 160 SI-message repetitions in the si-Window.
If multiple repetitions are used these are uniformly distributed in the radio frame according to the following figure:
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However all repetitions may not fit depending on the offset, in such case repetitions will be transmitted in every subframe after the offset and the remaining repetitions will be discarded. 
When available DL Subframe bitmap is provided:
When the bitmap of available DL subframes is provided in SIB1bis, the specified repetitions could simply be uniformly distributed over the available subframes. However, for simplicity and consistency we prefer to have exactly the same distribution of repetitions as when the bitmap is not provided and only drop repetitions in un-available subframes. The obvious drawback is that the number of repetitions actually transmitted might in fact be lower than the configured number of repetitions. This is shown in the below figure:
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[bookmark: _Toc442397265][bookmark: _Toc442397491][bookmark: _Toc442496453][bookmark: _Toc442510549]In case an ‘available DL subframe’ bitmap is provided in SIB1bis, SI-message repetitions falling in un-available subframes are dropped, and the unavailable subframe is counted as repetition.  
Since the eNB does not in this case have to avoid scheduling the SI-message containing SIB2 on MBSFN-subframes, there is little need for using the optional offset. (For a consistent behavior the offset should take all subframes in to account, also un-available ones).
If the available downlink subframes is given by a 40 bit bitmap, the SI-message repetitions would in a similar manner be uniformly distributed over all the DL subframes in all four radio frames. The offset would only apply to the first repetition of the 40 ms period, and any SI-message repetition falling on an un-available subframe would be dropped.
To summarize, given that a certain MBSFN-configuration is in use in the cell, the eNB would have to configure the offset and number of repetitions for the SI-message carrying SIB2 such that it is ensured that there are no collisions. For all other SI-messages the UE considers all non-MBSFN subframes as available subframes. If such scheduling is not possible or desired, the eNB will provide the bitmap of available DL subframes in SIB1bis which would apply to the acquisition of the SI-message containing SIB2. For all other SI-messages the UE, in the same way as before, considers all non-MBSFN subframes as available subframes.
Conclusion
In this contribution we have discussed how to specify the subframes in which SI-message repetitions are configured to be sent for Rel-13 low complexity and/or coverage enhanced UEs. Based on the discussion in section 2 we make the following observations and proposals:

Observation 1	Specifying both parameters for the number of repetitions and the time interval between repetitions can lead to conflicting configuration, increases signaling overhead and loss of gain due to time diversity.


Based on the discussion in section 2 we propose the following:
Proposal 1	The subframe offset to indicate the starting subframe of SI-message repetitions is optional and has the range {0, 1, 2, 3, 4, 5, 6, 7, 8, 9} subframes, where also unavailable subframes are counted.
Proposal 2	The SI-message repetitions are given per radio frame and repeated in all the radio frames of the SI-window. The number of repetitions within the SI-window has the values {1 (first RF), 1(even RFs), 1, 2, 3, 4, 6, 8} and implicitly determines the time interval between repetitions.
Proposal 3	The SI-message repetitions are uniformly distributed over the subframes remaining after the offset have been subtracted from the radio frame.
Proposal 4	In case an ‘available DL subframe’ bitmap is provided in SIB1bis, SI-message repetitions falling in un-available subframes are dropped, and the unavailable subframe is counted as repetition.
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