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1 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 continue to discuss the system information design for Rel-13 low-complexity and coverage enhanced UEs (Rel-13 LC/CE UEs), focusing on SIB1x/SI scheduling. Note that the term SIB1x is used to refer to the new SIB1 introduced for Rel-13-LC/CE UEs.
Except for scheduling related parameters, contents of individual SIBs will not be discussed as there is a separate email discussion devoted to this topic. The same applies for system information update which is handled in [4].
2 Discussion
2.1 Scheduling of SIB1x
SI window & SI periodicity

The transmission time and periodicity for SIB1x can be fixed in the specification similar to legacy SIB1. Legacy SIB1 is sent with a periodicity of 80 ms when SFN mod 8 = 0 and is repeated when SFN mod 2 = 0. SIB1 is always sent in subframe 5 and a different redundancy version (RV = 0,1,2,3) is used for each repetition. Although SIB1 is not formally said to be transmitted within an SI window, one can still interpret the four repetitions as being sent within an 80 ms SI window. As seen in the figure below, both the SI periodicity and SI window are 80 ms long.
Observation 1 Legacy SIB1 uses an “SI periodicity” and “SI window” which are both set to 80 ms.
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Figure 1: Legacy SIB1 transmission in time domain

When it comes to achieving the required coverage improvement, the same options that were discussed for SI messages can also be considered for SIB1x:
A. UE performs soft combining of repetitions within a single SI window (legacy behaviour)

B. UE performs soft combining of repetitions across multiple SI windows 

In the first option, the length of the SI window may need to be adapted to the highest coverage enhancement level if not provided in the MIB, or alternatively configured via MIB. Note though that dynamic configuration should generally be avoided to reduce the number of parameters that needs to be signalled in MIB. If 150 repetitions are required to decode SIB1x and one repetition is sent every 20 ms (i.e., similar to legacy SIB1), the SI window needs to be extended from 80 ms to around 3000 ms.

In the second option, the existing 80 ms SI window can be kept and instead the UE is required to read several windows to decode SIB1x. We need to be cautious here though since SIB1x may change from one SI window to the next. If an update occurs and the UE is not notified, the decoding process will continue (i.e. the UE reads more repetitions) but the decoding attempt will fail. This problem may be dealt with forcing the UE to flush the soft buffer and restart the decoding process after reading a certain number of SI windows. As long as the network does not perform updates in quick succession, the second decoding attempt will most likely succeed. In most cases though the second decoding will not be needed as SI updates are rare in practice. The maximum number of SI windows that the UE reads before re-starting the decoding process can be fixed in the standard and may vary depending on the UE coverage level.
To remain consistent with the approach used for SI messages, and to avoid signalling additional parameters in the MIB, we suggest adopting the second option for SIB1x.
Proposal 1 Coverage enhancement for SIB1x is achieved by combining repetitions across multiple “SI windows”.
Other scheduling parameters

Legacy SIB1 uses fixed scheduling in the time domain but the frequency location and MCS/TBS is dynamically indicated via PDCCH. Since it has been agreed that (E)PDCCH-less scheduling will be used for SIB1x, scheduling parameters which cannot be fixed or pre-defined in the standard need to be provided in the MIB.
It has already been agreed in both RAN1 and RAN2 that TBS will be indicated in the MIB [8]

 REF _Ref425236441 \r \h 
[9]. Currently, it appears that this is the only scheduling information that needs to be included in MIB. All other parameters are either fixed or derived based on the existing information.

Subframe pattern

SIB1x can only be transmitted in subframes which are not configurable as MBSFN subframes, i.e. subframes {0, 4, 5, 9} for FDD and {0, 1, 5, 6} for TDD. RAN1 is currently discussing which subframe(s) to use for SIB1x.
Frequency location
The working assumption in RAN1 is that the frequency location for SIB1x is determined based on subframe index/SFN, cell id, and system bandwidth [9]. Furthermore, at least in case when the network supports enhanced coverage, frequency hopping for SIB1x is always used [9]. 
MCS/TBS

Since modulation is fixed to QPSK for SIB transmission and the PRB allocation is already known, only TBS needs to be indicated to the UE. The length of the TBS indication in MIB depends on the step size and the lower and upper size limits of SIB1x. For example, if the size of SIB1x ranges between 100 and 500 bits, and the step size is set to 32 bits, a 4 bit TBS field is sufficient. (Note that TBS entries should be byte aligned.)
	TBS field length
	TBS step size (absolute)
	Possible SIB1x sizes

	3 bits
	32 bits
	104-328 bits

	4 bits
	32 bits
	104-584 bits

	5 bits
	32 bits
	104-1096 bits


Another possibility is to use a relative step size. For example, a 3 bit TBS field is sufficient if the TBS is expressed in steps of approximately 1 dB. The downside is that we end up using more padding bits as we go up in TBS.
	TBS field length
	TBS step size (relative)
	Possible SIB1x sizes

	3 bits
	1 dB
	{104, 128, 160, 208, 264, 336, 432, 552} bits


Redundancy Version (RV)

The RV of each transmission can be pre-defined and calculated according to some fixed formula (similar as when SIB1 is scheduled using DCI format 1C).

2.2 Scheduling of other SIBs

Most of the high-level principles for SIB scheduling (other than SIB1x) for Rel-13 LC/CE UEs have already been agreed in RAN2:
· SIB1x contains detailed scheduling information (time, frequency and MCS/TBS) allowing acquiring subsequent SIBs without reading PDCCH [6]
· Existing concepts of SI message, SI window and SI period are re-used [7]
· Coverage enhancement is achieved by acquisition of SI messages across SI windows (provided multiple HARQ buffers/parallel accumulation is supported) [8]
In this section we look more closely at the scheduling parameters in SIB1x.  
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Figure 2: SI message transmission in time domain

Figure 2 serves as a reference and illustrates the case when two SI messages (SI-1 and SI-2) are broadcasted in a cell.  In this example, SI-1 is more time critical than SI-2 and is therefore transmitted twice as often. 

Note that SIB1x is not shown in Figure 2 – we assume that it is transmitted independently of the SI messages according to some pre-defined time pattern, e.g. once every 20 ms. Since SIB1x contains the SI scheduling parameters it must always be acquired before the SI messages.

SI window

The length of the SI window is common for all SI messages and is defined by si-WindowLength in SIB1x. One reasonable approach is to adapt the length of the SI window for Rel-13 LC UEs in normal coverage, i.e., we should ensure that a Rel-13 LC UE in normal coverage can decode the SI message by reading a single SI window.
Proposal 2 The length of the SI window for SI messages is adapted for Rel-13 LC UEs in normal coverage (i.e. for Rel-13 LC UEs in normal coverage one SI window is sufficient to decode the SI message).
In [5] it is estimated that around n = 30 repetitions will be required to decode a 328 bit SI message in normal coverage when frequency hopping is used (1% BLER, SNR = -4dB, EPA 1Hz, short rep. cycle). Assuming that m=5 repetitions are sent in every radio frame, the SI window length should be set to around n/m x 10 = 30/5 x 10 = 60 ms if we follow the principle above.
Currently si-WindowLength has a value range of {1, 2, 5, 10, 15, 20, 40} ms. Since most of these values appear too short to fit the required number of repetitions, a new value range may need to be defined. Based on the calculation above a suitable value range might be e.g. {20, 40, 60, 80, 120} ms. There may be no need to include very large values considering that the UE is expected to combine repetitions across multiple “SI windows”. 
Proposal 3 A new value range of si-WindowLength is defined for Rel-13 LC/CE UEs. A suitable value range might be e.g. {20, 40, 60, 80, 120} ms.
SI periodicity

The SI periodicity is specific for each SI message and is defined by si-Periodicity in schedulingInfoList in SIB1x. It has a value range of {8, 16, 32, 64, 128, 256, 512} radio frames which appears suitable also for Rel-13 LC/CE UEs. Note that each value is a power of two and hence divisible by all previous values in the list. This ensures that SI windows associated with different SI messages are always non-overlapping.
Proposal 4 Existing value range of si-Periodicity is used for Rel-13 LC/CE UEs.
Other scheduling parameters

For legacy UEs, the presence of an SI message transmission within an SI window is indicated by SI-RNTI on PDCCH, which also provides the frequency location, MCS/TBS and redundancy version (RV) of the transmission. As it has been agreed that (E)-PDCCH will not be used for SI message scheduling for Rel-13 LC/CE UEs, this scheduling information instead needs to be provided in SIB1x.
Subframe pattern
 
Within the SI window, the subframes containing SI message transmissions have to be indicated to the UE. The subframe pattern can, for example, be represented using a 10-bit bitmap, where each bit corresponds to a subframe and 1 indicates a transmission. This approach is suitable if the SI message is transmitted at least once per radio frame within the SI window. If the SI message is transmitted more rarely, say once every second radio frame similar to SIB1x, the pattern may need to be represented in a different way. Since SI messages differ in size and hence require different number of repetitions, the subframe pattern should likely be SI message specific.
Frequency location 
The frequency location can be specified by providing the narrowband index (i.e. the index of the set of 6 PRBs). Similar to the subframe pattern, the frequency location should be SI message specific. If frequency hopping can be enabled/disabled this is probably best handled via a common parameter.
MCS/TBS

Since modulation is fixed to QPSK and the PRB allocation is already known, only the TBS needs to be indicated to the UE. The TBS is SI message specific and can, for example, be represented by an index pointing to an entry in a TBS table.
Redundancy Version (RV)

The RV of each transmission can be pre-defined and calculated according to some fixed formula (similar as when SIB1 is scheduled using DCI format 1C).
Proposal 5 Subframe pattern, frequency location and TBS are indicated in SIB1x for each SI message.
3 Conclusion

In this contribution we have discussed the SI design for Rel-13 low complexity and/or coverage enhanced UEs. In section 2 we made the following observations:
Observation 1
Legacy SIB1 uses an “SI periodicity” and “SI window” which are both set to 80 ms.

Based on the discussion in section 2 we propose the following:
Proposal 1
Coverage enhancement for SIB1x is achieved by combining repetitions across multiple “SI windows”.
Proposal 2
The length of the SI window for SI messages is adapted for Rel-13 LC UEs in normal coverage (i.e. for Rel-13 LC UEs in normal coverage one SI window is sufficient to decode the SI message).
Proposal 3
A new value range of si-WindowLength is defined for Rel-13 LC/CE UEs. A suitable value range might be e.g. {20, 40, 60, 80, 120} ms.
Proposal 4
Existing value range of si-Periodicity is used for Rel-13 LC/CE UEs.
Proposal 5
Subframe pattern, frequency location and TBS are indicated in SIB1x for each SI message.
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