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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 a relative LTE coverage improvement corresponding to 15 dB for FDD, and (3) minimize UE power consumption. For the new low complexity UE category, reduced UE bandwidth of 1.4 MHz in downlink and uplink is considered as the most important complexity reduction technique.
One area which is impacted by the new work item is system information (SI) transmission. Legacy SI transmissions (including SIB1) are indicated on PDCCH which a Rel-13 low complexity UE cannot read due to the bandwidth restriction. The bandwidth restriction also makes it impossible for a Rel-13 low-complexity UE to receive SI transmissions on PDSCH which occupies more than 1.4 MHz in bandwidth. Moreover, to further reduce UE complexity RAN1 is considering reducing the maximum transport block size (from 2216 to 1000 bits) for broadcast signaling which implies that some of the legacy SIBs may be too large to transmit. [3] 
RAN1 has also decided that repetitions will be used to increase the coverage of SI and it is expected that a very high number of repetitions will be required to reach low complexity UEs in enhanced coverage. In the incoming RAN1 LS [2], it is estimated that around 100-150 repetitions are required for a message size of 328 bits. Some amount of repetition will also be required for a low complexity UE in normal coverage to compensate for the diversity loss caused by the single receive antenna of the UE.  It is estimated that 16-32 repetitions will be required in this case [2]. In both the enhanced and normal coverage case, the number of repetitions increases with the message size.
Due to these reasons, RAN1 recommends that RAN2 introduces a new SI for Rel-13 low complexity UEs in normal and enhanced coverage. RAN1 also recommends RAN2 to consider limiting support of mobility for Rel-13 low complexity UEs to reduce SI size at least in enhanced coverage. [3] 
In this paper we discuss the design requirements for a new SI for low complexity and coverage enhanced UEs.
2 Discussion
2.1 New SI for low complexity and coverage enhanced UEs
A Rel-13 low complexity UE needs to read at least some system information in order to access the system. As RAN1 points out in their LS [2], a bandwidth reduced UE will not be able to receive legacy SI transmissions as these are scheduled via PDCCH which a Rel-13 low complexity UE cannot read (at least for system bandwidths larger than 1.4 MHz). In principle, it is possible to re-use the legacy SI transmissions by using pre-defined resources (i.e. not relying on PDCCH) and restricting the SI transmission to 1.4 MHz in bandwidth. However, these constraints limit the scheduler flexibility and have a negative impact on legacy UEs whose transmissions would also be limited to 1.4 MHz. It is therefore recommended to define a new SI transmission format for low complexity UEs.
Observation 1 A bandwidth reduced UE will not be able to receive legacy SI transmissions scheduled using PDCCH (at least for system bandwidths larger than 1.4 MHz) or occupying more than 6 contiguous PRBs.

There are several reasons why legacy SI messages (as defined in TS 36.331) should probably not be mapped directly to the new physical layer transmission format:

· The Rel-13 low complexity UE may only be able to receive a 1000 bit transport block (TBD), which may introduce further limitation of size for some legacy SIBs such as SIB5.

· Some legacy SIB contents may not be applicable (e.g. the legacy SI scheduling info in legacy SIB1).

· There will be some new SIB contents which may not need to be transmitted in the legacy SIBs (e.g. PRACH repetition level related info).
Due to these reasons, it seems clear that some re-design is required and as pointed out by RAN1 it seems that a new SI is the best way forward.
Proposal 1 A new mechanism for delivering system information to low complexity UEs and UEs in enhanced coverage will be introduced.
As mentioned in the introduction, the number of repetitions is expected to be very high for low-complexity UEs in enhanced coverage. Considering that SI is read at cell change and every time it is updated or expired, it is critical that the SI is made as small as possible to reduce the number of repetitions and the resulting acquisition time. A short acquisition time also helps to reduce the UE battery consumption.
In the initial simulation results provided by RAN1 in [2], we see that 100-150 repetitions are required for a SI message size of 328 bit when the UE is in enhanced coverage. Assuming that repetitions are sent every 20 ms (i.e. similar to how SIB1 is scheduled today), the resulting acquisition time would be around 2-3 seconds. This result scales roughly linearly with the SI message size (not exactly due to e.g. CRC overhead). The system overhead in this case is around 0.6 % (=6/50 x 1/20) assuming a 10 MHz system bandwidth. It is possible to reduce the system overhead by accepting a larger acquisition time, and vice versa. (Note that more recent simulation results [5] indicate that the number of required repetitions may be even higher)
Observation 2 The system information size should be minimized in order to reduce UE acquisition time and UE power consumption while maintaining a low system overhead.

2.2 Contents of the new SI
It is assumed that a Rel-13 low complexity UE operating in normal and enhanced coverage will need at least the following information:

· Information for determining if the UE is allowed to camp on the cell or not (e.g. PLMN identity, cell barring, …)

· Information for performing random access and RRC connection establishment
· Information for receiving paging

This information is contained in SIB1, SIB2 and SIB14. However, these SIBs also contain information elements that are not relevant for low complexity UE, such as legacy SI scheduling info in SIB1. An option would be to create a new SI message containing only the needed information; our initial estimates indicate that 250-450 bits may be required (see annex). It may be possible to reduce this size further using additional optimizations.
Observation 3 The total size of the information required from SIB1, SIB2, and SIB14 ranges between to 250 and 450 bits.
As a starting point, necessary information for the low complexity and enhanced coverage UEs could be included in one SI message. In addition to the information mentioned above, this new SI message may also contain parameters which are not required by legacy UEs, such as EPDCCH configuration and information required for operating in enhanced coverage (e.g. mapping between coverage level and number of repetitions).
Proposal 2 A subset of the information in SIB1, SIB2, and, potentially, SIB14 is broadcasted to low complexity UEs and UEs in enhanced coverage. In addition, information specific to low complexity UEs (e.g. EPDCCH configuration) and enhanced coverage operation (e.g. mapping between coverage level and repetition number) may also need to be broadcasted.

Moreover, parameters which are only needed once the UE is in connected mode (e.g. PUCCH configuration included in SIB2) may be beneficial to send via dedicated signalling instead of being broadcasted as system information, whenever possible. 
System information related to mobility (SIB3/4/5 and SIB6/7/8) is discussed separately in the section below. The remaining SIBs (HeNB in SIB9, ETWS/CMAS in SIB10/11/12, MBMS in SIB13, UTC time in SIB16, WLAN offload in SIB17) are all related to features that may be considered non-critical to the targeted MTC applications and it may therefore be possible to exclude this information in the new SI message.
2.3 Mobility-related system information

After the initial cell selection where the UE has found a suitable cell to camp on, the UE performs periodic measurements of intra-frequency, inter-frequency and inter-RAT cells. If a neighbour cell is considered "better" and is eligible for selection, the UE changes cell. The serving cell assists the UE in this cell re-selection procedure through the information provided in SIB3/4/5 (intra- and inter-frequency cell reselection) and SIB6/7/8 (inter-RAT cell-reselection). Since this information can be can be quite large and since low-complexity UEs in normal and enhanced coverage differ in the amount of information that can realistically be sent to them it makes sense to treat low-complexity UE in normal and enhanced coverage as two separate cases.
Low complexity UE in enhanced coverage

In case of a low complexity UE in enhanced coverage, there is a substantial overhead resulting from all the repetitions and it becomes critical to minimize the size of the SI. A typical use case here is a stationary sensor located in a basement. As RAN1 recommends in their LS, limited mobility support should be considered in this scenario to reduce the size of the SI.

SIB3/4/5 contains information related to intra- and inter-frequency cell re-selection and removing this information implies that the network has less ability to control which cell a UE re-selects to. On the other hand, considering the size of these SIBs it is clear that some form of prioritization has to be done if enhanced coverage is to be supported in a cell. Common parameters in SIB3 that apply to all intra- and/or inter-frequency cells could potentially be included in the new SI while cell specific parameters, such as neighbour cell lists and blacklisted cell lists in SIB4 and SIB5, most likely needs to be excluded. Other parameters, in particular the EUTRA frequency list and the associated priorities in SIB5, may be sent via dedicated signalling instead of being broadcasted. In this way it is estimated that the total size of SIB3/4/5 can be reduced to around 50 bits.
Removing lists of blacklisted cells may imply an increased UE power consumption as more intra- and/or inter-frequency cells would need to be considered during cell-reselection. One way to compensate for this increase is to relax the cell reselection requirements so that neighbouring cells are evaluated less frequently. This should be acceptable considering that the UE is mostly stationary and cell changes are rare.
Inter-RAT cell re-selection is considered to be of less importance and therefore SIB6/7/8 may not need to be included at all in the new SIB. Since multi-RAT support increases UE complexity one could even argue that multi-RAT support contradicts the goal of introducing a Rel-13 low complexity UE. It is also unclear to what extent the other RATs need to support enhanced coverage. 
Observation 4 The total size of SIB3/4/5 may be reduced to around 50 bits if only the most essential intra- and inter-frequency cell re-selection parameters (e.g. hysteresis and threshold values in SIB3) are broadcasted. 
Low complexity UE in normal coverage
In case of low complexity UEs in normal coverage, only a smaller amount of repetition will be needed to compensate for the downlink coverage degradation associated with the single receive antenna and the reduced bandwidth.  Restricting the number of bits transmitted over the air is therefore not as critical as in the enhanced coverage case. The typical use cases mentioned in this context often include some level of mobility, for example parcel tracking and smart wearables.
To improve the efficiency of the intra- and inter-frequency cell re-selection additional information in SIB3/4/5 may be transmitted to UEs in normal coverage. Since the additional system information need only be received by low complexity UEs in normal coverage it can be sent with fewer repetitions and using separate scheduling.
Observation 5 Additional information in SIB3/4/5 may be broadcasted to Rel-13 low complexity UEs in normal coverage to make the intra- and inter-frequency cell reselection more efficient.
Due to the same reason as above, inter-RAT cell re-selection is considered to be of less importance and SIB6/7/8 may therefore not need to be broadcast.
2.4 Future extensibility of the new SIB and variability in size
Ensuring future extensibility is an important aspect in the new SIB design. The approach typically used is to include a placeholder at the end of the SIB which is ignored by legacy UEs and where a potential future extension can be inserted. However, this approach requires that the SIB can vary in size. Varying SIB size is also needed in case e.g., variable-size lists are included in the SIB. In many cases, all parameters are not included (like barring parameters) but there needs to be room for those when needed.
A variable SIB size requires a mechanism where the size of the transport block is signalled to the UE. If SIB scheduling is done via EPDCCH then this is not an issue; however, if scheduling is static, as has been suggested in RAN1, then a new solution is needed. One option is to use a form of semi-static scheduling where the transport block size (and other scheduling info) is signalled using the MIB spare bits. Another option is to use small set of different transport block sizes and rely on UE blind decoding.

A different approach is to use a fixed SIB size and include a small number of spare bits to allow for future extensions. This is the same design that is used for MIB. The downside is that the support for network specific configuration and future extensions is limited.
Proposal 3 From RAN2 point of view a flexible SIB size is preferred as it allows for optional information elements and information elements that vary in size (e.g. lists).
2.5 SIB validity and change notifications
SI is normally only updated at specific radio frames in which SFN mod N = 0, where N is known as the modification period. The UE can improve decoding by combining SI transmissions sent within the same modification period. The shortest modification period is 640ms, while the longest modification period is 40.69s. In practice, however, the longest modification period is limited by the SFN periodicity which is only 10.24s. For low complexity UEs in enhanced coverage, the modification period must be made sufficiently long to allow the UE to read all SIB repetitions.
To support SI updates one option is to use a similar notification mechanism as today. Prior to an SI update, UEs present in the cell are notified by means of a special paging message. During the first modification period, the modification indicator is sent to the UE and in the next modification period, the network transmits the updated system information. Assuming that low-complexity UEs can be notified by a similar mechanism, a low-complexity UE in normal or enhanced coverage has to monitor the paging channel at least once every modification period. Therefore, in order to minimize UE power consumption, the modification period should be made as long as possible.

What happens if a long modification period (say 10.24s) is used for the SI while a shorter modification period (say 640ms) is used for legacy SIBs? A problem only arises if the parameter to be updated is present in both the SI and in one of the legacy SI. (An example of such a parameter is the TDD configuration in SIB1). In this case both the low-complexity UEs and the legacy UEs need to be notified before the update can take place. As seen in the figure below, notification starts earlier for low complexity UEs than for legacy UEs but ends at the same time. This can be guaranteed by e.g. setting the long modification period to be a multiple of the shorter modification period. From the viewpoint of the legacy UE, the update procedure is the same and all it sees is the short modification period.
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Proposal 4 Consider using a separate modification period for the new SIB. The modification period should be made as long as possible and the SIB updates should be infrequent to enable low UE power consumption.
3 Conclusion

In this paper we discussed the design requirements for a new SI for Rel-13 low complexity and/or coverage enhanced UEs. In section 2 we made the following observations:
Observation 6 A bandwidth reduced UE will not be able to receive legacy SI transmissions scheduled using PDCCH (at least for system bandwidths larger than 1.4 MHz) or occupying more than 6 contiguous PRBs.
Observation 7 The system information size should be minimized in order to reduce UE acquisition time and UE power consumption while maintaining a low system overhead.
Observation 8 The total size of the information required from SIB1, SIB2, and SIB14 ranges between to 250 and 450 bits.
Observation 9 The total size of SIB3/4/5 may be reduced to around 50 bits if only the most essential intra- and inter-frequency cell re-selection parameters (e.g. hysteresis and threshold values in SIB3) are broadcasted. 

Observation 10 Additional information in SIB3/4/5 may be broadcasted to Rel-13 low complexity UEs in normal coverage to make the intra- and inter-frequency cell reselection more efficient.
Based on the discussion in section 2 we propose the following:
Proposal 5 A new mechanism for delivering system information to low complexity UEs and UEs in enhanced coverage will be introduced.

Proposal 6 A subset of the information in SIB1, SIB2, and, potentially, SIB14 is broadcasted to low complexity UEs and UEs in enhanced coverage. In addition, information specific to low complexity UEs (e.g. EPDCCH configuration) and enhanced coverage operation (e.g. mapping between coverage level and repetition number) may also need to be broadcasted.

Proposal 7 From RAN2 point of view a flexible SIB size is preferred as it allows for optional information elements and information elements that vary in size (e.g. lists).
Proposal 8 Consider using a separate modification period for the new SIB. The modification period should be made as long as possible and the SIB updates should be infrequent to enable low UE power consumption.
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5 Annex
This annex provides a rough estimation of the size of the new SI for the Rel-13 low-complexity UE category. The analysis is almost identical to the analysis done in [4] and the results are similar.
The tables below show the content and size of SIB1, SIB2 and SIB14. Optional information elements are indicated with * and in case of lists the size of the list is indicated within parentheses. Essential information that needs to be included in the SI broadcast is indicated in the third column from the left.
One sees that the total size of the new SI broadcast is 317 bits (=99+213+5). Around 50 bits can be saved by removing optional parameters (e.g. TDD configuration), however, whether this is possible or not depends on network configuration. If RAN sharing is used, the size will increase with 25 bits for every PLMN added. As a result, the size of the new SI is estimated to range between 250 and 450 bits.
	SIB1
	 
	 
	 

	Information element
	Current bits
	Bits for MTC UEs
	Comment

	cellAccessRelatedInfo
	99
	71
	1)  The size of plmn-IdentityList  is calculated for a single PLMN. Up to 6 PLMNs can be specified in case of RAN sharing.

2) In the size calculation for the schedulingInfoList, it is assumed that  16 SIBs are sent in 5 SI messages. No scheduling info is included in the new SIB.

3) CSG identity is not included in the new SIB.

	>plmn-IdentityList (1-6)
	25
	25
	

	>trackingAreaCode
	16
	16
	

	>cellIdentity
	28
	28
	

	>cellBarred
	1
	1
	

	>intraFreqReselection
	1
	1
	

	>csg-Indication
	1
	
	

	>csg-Identity*
	27
	
	

	cellSelectionInfo
	9
	9
	

	>q-RxLevMin
	6
	6
	

	>q-RxLevMinOffset*
	3
	3
	

	p-Max*
	6
	6
	

	freqBandIndicator
	6
	6
	

	schedulingInfoList (1-32)
	79
	
	

	tdd-Config*
	7
	7
	

	si-WindowLength
	3
	
	

	systemInfoValueTag
	5
	
	

	
	214
	99
	


	SIB2
	 
	 
	 

	Information element
	Current bits
	Bits for MTC UEs
	Comment

	ac-BarringInfo*
	25
	25
	1) The size of mbsfn-SubframeConfigList  is calculated for a single MBSFN allocation. It is assumed that Rel-13 low-complexity can obtain MBSFN allocation information via dedicated signalling or through some other means.

2) It is assumed that only the timer T300 is required for initial access.

	>ac-BarringForEmergency
	1
	1
	

	>ac-BarringForMO-Signalling*
	12
	12
	

	>ac-BarringForMO-Data*
	12
	12
	

	radioResourceConfigCommon
	158
	158
	

	>rach-ConfigCommon
	32
	32
	

	>bcch-Config 
	2
	2
	

	>pcch-Config 
	5
	5
	

	>prach-Config
	28
	28
	

	>pdsch-ConfigCommon
	9
	9
	

	>pusch-ConfigCommon
	21
	21
	

	>pucch-ConfigCommon
	23
	23
	

	>soundingRS-UL-ConfigCommon
	8
	8
	

	>uplinkPowerControlCommon
	29
	29
	

	>ul-CyclicPrefixLength
	1
	1
	

	ue-TimersAndConstants
	18
	3
	

	>t300
	3
	3
	

	>t301
	3
	
	

	>t310
	3
	
	

	>n310
	3
	
	

	>t311
	3
	
	

	>n311
	3
	
	

	freqInfo
	24
	24
	

	>ul-CarrierFreq*
	16
	16
	

	>ul-Bandwidth*
	3
	3
	

	>additionalSpectrumEmission
	5
	5
	

	mbsfn-SubframeConfigList (0-8)*
	30
	
	

	timeAlignmentTimerCommon
	3
	3
	

	
	258
	213
	


	SIB14
	 
	 
	 

	Information element
	Size
	Required for initial access
	Comment

	eab-Common/eab-PerPLMN-List (0-6)
	5
	5
	1) It is assumed that common EAB paramaters is used instead of PLMN specific EAB parameters.


	
	5
	5
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