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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 discuss the system information design for Rel-13 low-complexity and enhanced coverage UEs (Rel-13 LC/CE UEs).
2 Discussion
2.1 MTC-SIB1 message format
In RAN2#89 it was agreed to introduce a new SIB1 (hereinafter referred to as MTC-SIB1) for Rel-13 LC/CE UEs. MTC-SIB1 is transmitted separately from legacy SIB1 (different time/frequency resources) but includes similar type of information for the same purpose. When it comes to definition of this message there are two options:

-
A new RRC message is introduced for MTC-SIB1
-
The same RRC message definition (SystemInformationBlockType1) is used for MTC-SIB1 and SIB1 (possibly with some additional information in MTC-SIB1)
The first option requires more specification work but makes it possible to optimize the content for Rel-13 LC/CE UEs. However, the decision between the two options can be made when there is a good understanding of how MTC-SIB1 and SIB1 will differ in content.
Observation 1 MTC-SIB1 is either a new RRC message or a re-definition of the existing SIB1 message (SystemInformationBlockType1).
It was also agreed in RAN2#89 to maintain a flexible SIB size in order to allow for optional elements and future extensions.  The size of legacy SIB1 ranges between 100 to 300 bits (see appendix) but we estimate MTC-SIB1 to be slightly larger due to the extra scheduling information required for the SI messages (see section 2.3).  If we assume 1-8 SI messages and 10 bits of additional scheduling information per SI message (MCS/TBS and time/frequency location), MTC-SIB1 will be 10 to 80 bits larger than SIB1. This means that the size of MTC-SIB1 will range from around 100 to 400 bits.
MTC-SIB1 could potentially include information from other SIBs as well (in particular SIB2 and SIB3) which increases the upper size limit. However, a cell using this optimization would likely not be configured with all other optional features in MTC-SIB1 (maximum RAN sharing, large number of SIBs, etc.). Therefore restricting the size of MTC-SIB1 to around 400 bits (or slightly above) may still be possible without excluding the possibility of using joint transmission. The potential gain of using joint transmission is explored in more detail in Section 2.4.
Observation 2 Further size restrictions (below 1000 bits) can be considered for MTC-SIB1, if necessary, to reduce the number of possible transport block sizes.
2.2 Scheduling of MTC-SIB1

The two main options when it comes to the scheduling of MTC-SIB1 are EPDCCH or utilizing the MIB spare bits. Since it was agreed in RAN2#89 that “dynamic L1 information in PDCCH is not needed”, here we will only consider the latter option, i.e. the scheduling information for MTC-SIB1 is provided in MIB.
By using pre-defined or restricted scheduling parameters we can ensure that the required scheduling information fits into the available spare bits in the MIB.
Time/frequency location: Assuming that MTC-SIB1 is transmitted with a fixed timing similar to legacy SIB1 (e.g. one transmission every 20 ms), only the frequency domain location needs to be indicated to the UE. 

 -
If frequency hopping is used, the hopping pattern and the location of the 6 PRBs can be pre-defined (dependant on e.g. cell-id, system bandwidth and subframe number) or semi-statically configured via MIB. In the latter case the number of hopping patterns should be restricted to, say, 2 or 4 to minimize the size of the MIB indication.
-
If frequency hopping is not used the location of the 6 PRBs can either be fixed (e.g. always in the center 6 PRBs) or predefined (e.g. dependent on the cell-id or system bandwidth) or semi-statically configured via MIB. The latter option provides the most flexibility but can consume up to 4 (=⌊log2100/6⌋) bits in a 20MHz system. As this is probably too much, the number of PRB groups that can be selected between should be limited in case of semi-static configuration. 
MCS/TBS: Since modulation is fixed to QPSK for SIB transmission and the PRB allocation is already known, only the 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 limit of MTC-SIB1. In the previous section the size of MTC-SIB was estimated to range between 100 and 400 bits which means that a 4 bit TBS field is sufficient, assuming a step size of 32 bits. (Note that TBS entries should be byte aligned)
	TBS field length
	TBS step size (absolute)
	Possible MTC-SIB1 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 MTC-SIB1 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).

In total, 3-6 bits may be sufficient for the MTC-SIB1 scheduling information.  The TBS field consumes 3-4 bits and indicating the hopping-pattern/frequency location requires 0-2 bits. Therefore the MTC-SIB1 scheduling information can be included in the MIB spare bits, which is beneficial from both a system resource usage and UE power consumption point of view.
Proposal 1 Scheduling information for MTC-SIB1 is provided in MIB.
2.3 Scheduling of other MTC-SIBs

Today SIB1 contains the SIB-to-SI mapping, SI window, and SI period of the SI messages. The UE monitors PDCCH during the SI window for the resource allocation of the SI transmission.  In RAN2#89 it was agreed that EPDCCH-less transmission could be considered for Rel-13 LC/CE UEs, i.e. the resource allocation of the SI transmission would be semi-static and indicated in MTC-SIB1 instead of via EPDCCH.
Figure 1 illustrates three potential (time-domain) transmission patterns for two SI messages with same periodicity scheduled from MTC-SIB1. The black ticks indicate radio frame boundaries and the blue (green) bar indicates a single SI-1 (SI-2) transmission. Note that we avoid using the term SI window in this context since the original definition of an SI-window relies on the presence of PDCCH and the use of SI-RNTI.
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Figure 1: SI message scheduling
Continuous transmission: This transmission pattern is the most simple and requires only two parameters to be configured, the repetition period (T) and the starting subframe (x, 1≤ x ≤T). 
Intermittent transmission: In intermittent transmission the SI message is transmitted in bundles, consisting of several closely spaced transmissions, with periods of silence in between. If decoding is not successful after the first bundle the UE continues to accumulate transmission in the next bundle until the decoding eventually succeeds. By carefully tuning the number of transmissions within a bundle the expected acquisition time can be reduced
 compared to continuous transmission, e.g. one bundle could be made to include sufficient number of repetitions for Rel-13 LC UEs in normal coverage. If we identify the bundle interval with the legacy SI-window, we see that this transmission pattern closely resembles the one used by legacy SI messages.
Intermittent and interleaved transmission: This transmission pattern is similar to intermittent transmission except that bundles for different SI messages are allowed to overlap. Interleaving may help to improve the overall acquisition time provided that the UE is capable of receiving and decoding more than one SI message simultaneously. The potential gain also depends on how close the repetitions within a bundle can be sent without significantly impacting receiver performance. This in turn depends on things such as channel coherence time and frequency re-tuning time. If intermittent transmission is used without interleaving and the repetitions can be sent in consecutive subframes (which is option B in Figure 1), the total acquisition time will be the same as with interleaving enabled (Option C).
Proposal 2 Intermittent transmission (Option B) is preferred over continuous transmission (Option A) with respect to SI message acquisition time. Intermittent transmission with interleaving (Option C) may be considered as well provided that multiple SI messages can be decoded in parallel.

Proposal 3 Ask RAN1 to clarify if a Rel-13 LC/CE UE supports parallel decoding.

A cell may contain Rel-13 LC UEs in both normal and enhanced coverage at the same time and in this case we may want to distribute additional system information (e.g. SIB5 and SIB6) to the ones in normal coverage. For example, a Rel-13 LC UE in normal coverage would acquire all SI message listed in MTC-SIB1 (as long it supports the contained SIBs), while a Rel-13 LC UE in enhanced coverage would only acquire those SI messages which it really needs and/or which it will be able to decode. If no differentiation is made all SI messages would need to be sent with the same (i.e. maximum) repetition level, which is bad from a resource efficiency standpoint.
Proposal 4 A Rel-13 LC/CE UE should be able to determine if a particular SI message should be decoded based on the scheduling information in MTC-SIB1.

2.4 Joint vs. separate transmission

According to [2] it appears more efficient to transmit all system information bits in one single transport block (up to max TBS ~1000 bits) rather than transmitting them in several separate, smaller transport blocks. The figure below is an interpolation of the results provided in [3]. It shows the required number of repetitions (i.e. subframes) for UEs in enhanced coverage as a function of TBS (EPA1, 1% BLER). We see that the graph has a decreasing slope due to the increased coding gain at larger block sizes. A similar effect can be seen for UEs in normal coverage and for other channel models and repetition patterns [2].
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Figure 2: Required number of repetitions for UEs in enhanced coverage as a function of TBS.

This result suggests that we should include as much as possible of the system information in MTC-SIB1 instead of transmitting it in a separate SI message from resource efficiency standpoint. One option is to include the essential SIBs (e.g. SIB2, SIB3 and SIB14) in MTC-SIB1 which most UEs need to obtain to access the network. This can be accomplished by adding an optional SI container (similar to an SI message) inside MTC-SIB1 which contains the required SIBs. Less critical SIBs can be transmitted in SI messages similar to legacy operation.
Based on the graph above we can compare the acquisition time for joint and separate transmission. In the joint transmission case SIB2 (190 bits), SIB3 (50 bits) and SIB14 (10 bits) are included in MTC-SIB1 (150 bits) and sent as a single transport block (400 bits). MTC-SIB1 is assumed to be sent with the same repetition pattern as legacy SIB1, i.e. one repetition every 20 ms. The results are summarized in the table below. Note that the system overhead is calculated for a 10 MHz system with 50 PRBs and CFI = 3.
	
	Size (bits)
	Rep. period (ms)
	Nr repetitions
	Acq. time (ms)
	System overhead


	MTC-SIB1
	400
	20
	195
	3900
	0.47%


In the separate transmission case SIB2, SIB3, and SIB14 are sent separately from MTC-SIB1 in an SI message, SI-1. To start with we assume that both MTC-SIB1 and SI-1 are sent continuously with one repetition every 20 ms.
	
	Size (bits)
	Rep. period (ms)
	Nr repetitions
	Acq. time (ms)
	System overhead

	MTC-SIB1
	150
	20
	120
	2400
	0.47%

	SI-1
	250
	20
	155
	3100
	0.47%

	
	
	
	
	5500
	0.94%


This choice of repetition period results in a system overhead twice as large as the system overhead in the joint transmission case. But to be able to make a fair comparison of the acquisition time the system overhead should be the same. We therefore optimize the repetition periods for MTC-SIB1 and SI-1 for a total system overhead of 0.47%.
	
	Size (bits)
	Rep. period (ms)
	Nr repetitions
	Acq. time (ms)
	System overhead

	MTC-SIB1
	150
	43
	120
	5160
	0.22%

	SI-1
	250
	38
	155
	5890
	0.25%

	
	
	
	
	11050
	0.47%


We now see that the acquisition time is almost three times larger for separate transmission compared to joint transmission. Since the receiver on-time is mainly determined by the number of repetitions, joint transmission also improves UE power consumption.
Observation 3 Joint transmission reduces the acquisition time for the essential system information, e.g. SIB2, SIB3, and SIB14, and UE power consumption compared to separate transmission.
Although joint transmission reduces the total acquisition time for the essential SIBs, the acquisition time for MTC-SIB1 alone has increased. This has a negative impact on those UEs which normally only reads MTC-SIB1 but none of the other SIBs. This typically only occurs if:
-
UE reads SIB1 during cell selection and discovers that cell is barred or belongs to the wrong PLMN

-
UE reads SIB1 in the highest ranked cell during cell re- selection and discovers that the cell is barred
-
UE reads SIB1 when re-visiting a cell and discovers that the systemInfoValueTag is unchanged. 
The first two events are not expected to occur frequently. In the case when a cell is barred there is also the possibility of removing the SI container (and instead schedule the SIBs in an SI message) to reduce the acquisition time of MTC-SIB1. The last event can be more frequent but requires that the UE is mobile which may not be the most common scenario especially for UEs that are in worst coverage enhancement.
Proposal 5 Introduce an SI container inside MTC-SIB1 to support joint transmission.
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
MTC-SIB1 is either a new RRC message or a re-definition of the existing SIB1 message (SystemInformationBlockType1).
Observation 2
Further size restrictions (below 1000 bits) can be considered for MTC-SIB1, if necessary, to reduce the number of possible transport block sizes.
Observation 3
Joint transmission reduces the acquisition time for the essential system information, e.g. SIB2, SIB3, and SIB14, and UE power consumption compared to separate transmission.


Based on the discussion in section 2 we propose the following:
Proposal 1
Scheduling information for MTC-SIB1 is provided in MIB.
Proposal 2
Intermittent transmission (Option B) is preferred over continuous transmission (Option A) with respect to SI message acquisition time. Intermittent transmission with interleaving (Option C) may be considered as well provided that multiple SI messages can be decoded in parallel.
Proposal 3
Ask RAN1 to clarify if a Rel-13 LC/CE UE supports parallel decoding.
Proposal 4
A Rel-13 LC/CE UE should be able to determine if a particular SI message should be decoded based on the scheduling information in MTC-SIB1.
Proposal 5
Introduce an SI container inside MTC-SIB1 to support joint transmission.
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5 Annex

The table below estimates the lower and upper size limit of legacy SIB1. Optional information elements are indicated with * and in case of lists the size of the list is indicated within parentheses.

	SIB1
	 
	 

	Information element
	Min size
	Max size

	cellAccessRelatedInfo
	72
	224

	>plmn-IdentityList (1-6)
	25
	150

	>trackingAreaCode
	16
	16

	>cellIdentity
	28
	28

	>cellBarred
	1
	1

	>intraFreqReselection
	1
	1

	>csg-Indication
	1
	1

	>csg-Identity*
	0
	27

	cellSelectionInfo
	6
	6

	>q-RxLevMin
	6
	6

	>q-RxLevMinOffset*
	0
	3

	p-Max*
	0
	6

	freqBandIndicator
	6
	6

	schedulingInfoList (1-32)
	7
	40

	tdd-Config*
	0
	7

	si-WindowLength
	3
	3

	systemInfoValueTag
	5
	5

	Total size
	99
	297


The following simplifications/assumptions are made:

 -
In the minimum (maximum) size calculation for the schedulingInfoList, it is assumed that 2 (8) SIBs are sent in 1 (4) SI message(s). The maximum number of SIBs and SI messages are both lower than the maximum set in the standard.
-
Extensions to SIB-1 added after Rel-8 are not included in the calculation.
� Let N and M be the bundle periodicity and bundle size, respectively. Assuming that one bundle (M repetitions) is required for decoding and that N>>M, the average decoding time in Option B is roughly N/2. This is half of the decoding time required in Option A, which is M x T=M x N/M = N, where T is the repetition period in Option A.


� calculated as 11/14x1/20x6/50=0.47%. Note that 11/14 is due to CFI = 3.
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