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1
Introduction

3GPP Rel-13 includes a work item entitled “Further LTE Physical Layer Enhancements for MTC” [1]. The purpose of this work item is to specify a new UE for MTC operation in LTE also allows for enhanced coverage compared to existing LTE networks and low power consumption, one of the objective is to Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Reduced maximum transmit power.

· Reduced support for downlink transmission modes.

· Further UE processing relaxations can also be considered within this work item:

However those capabilities restriction will lead to the downlink performance degradation, as a result, the number of bits that can be reliably transmitted on the SIB messages will be reduced and a number of repetitions are required to transmit SIB messages depending on the message size.
In addition RAN2 #89 [2] agreed the following:

	Agreements
1
RAN2 intends to maintain the flexibility similar to the one offered by the current SIB concept, i.e., the size of the SIBs should not be fixed. It should be possible to configure features in SIB as required by the operator while trading against achievable coverage. 

1a
RAN2 will aim to align the SIB/SI formats and scheduling in accordance with the recommendations received from RAN1. RAN2 will confirm the SIB concept with RAN1

2
RAN2 intends to branch from SIB1, i.e., LC/EC UEs receive a separate occurrence of SIB1 and others (different time/frequency resources). The new SIB1 is common for EC and LC. FFS whether we reuse the existing SIB IEs or introduce one or more SIBs. 

3
In order to efficiently support cell selection and reselection it would be desirable to transmit SIB1 information separately from other SIBs (in particular to low cost UEs in normal coverage). However, it needs to be investigated whether this is feasible in terms of overhead and total acquisition time. 

4
From RAN2 point of view the scheduling information (time, frequency and MCS/TBS) allowing acquiring of “SIB1” for LC/EC UEs could e.g. be in MIB, i.e., dynamic L1 information in PDCCH is not needed. The required granularity for supported transmission formats and whether it is feasible to indicate this in MIB requires further discussion. 

5
From RAN2 point of view the “SIB1” for LC/EC UEs could contain scheduling information (time, frequency and MCS/TBS) allowing acquiring subsequent SIBs without reading PDCCH. 

6
RAN2 confirms that the TB size restriction of 1000 bit for broadcast is acceptable from RAN2 point of view. This is based is on the assumption that the network provides separate SIBs (different time/frequency resources) to LC/EC UEs and legacy UEs. 




Furthermore RAN1 observed that from overhead point of view it will be beneficial to reduce the number of transmitted system information bits as much as possible [3], thus we would like to analyze the implication to the information elements contained in the potential new SIB1 according to existing system information block definition.

2
Discussion

2.1
General discussion
As mentioned in 36.888[4], the main use case of the MTC include metering, consumer electronic and devices which are characterized as low data rate, limited mobility, etc. Under this assumption, also considering the low complexity capability restriction, it may be sufficient to support the fundamental features for Rel-13 low complexity UEs. With this respect, it is envisaged that a variety of information elements enabling the features related to high/medium mobility or wide bandwidth might not be required for Rel-13 low complexity UEs, which are summarized as below 
· q-RxLevMinOffset and QualMinOffset-r9 contained in SIB1 signal the value Qrxlevminoffset and Qqualminoffset, they are only applied when a cell is evaluated for cell selection as a result of a periodic search for a higher priority PLMN while camped normally in a VPLMN [5]. Considering the low mobility of the new type of UEs, it is unlikely the UE moves to the cell belongs to VPLMN, thus this parameter may not be required.

· qualMinWB-r11 contained in SIB1, SIB3 and SIB5 requires UE to use a wider bandwidth and apply the value of this field for the parameter “Qqualmin” when performing RSRQ measurement. The bandwidth for the new type of UE is restricted to 6PRBs, thus no need to signal this parameter.

· ims-EmergencySupport-r9 contained in SIB1 indicates whether the cell supports IMS emergency bearer services for UEs in limited service mode. If absent, IMS emergency call is not supported by the network in the cell for UEs in limited service mode. Considering the uses cases of the MTC, this parameter is not needed. 

 In order to camp a cell, the Rel-13 low complexity UEs need to be provided  the necessary information, however, to achieve preferred system information message size, the potential limitation to some functionality might be expected:
· RAN sharing: If the E-UTRAN is shared by multiple operators, the PLMN-id of each operator (up to 6) is provided by plmn-IdentitiyList in SIB1 if a cell is shared by multiple operators. Each element of the list (plmn-Identity) has around 3 bytes and the plmn-IdentitiyList will contain 18 bytes if maximum number of elements is configured. 
· SIB scheduling: the schedulingInfoList contained in SIB1 contains up to 32 elements, each element provides the mapping of the SIBs to SI message as well as the transmission periodicity. The size of each element is determined by the number of SIBs mapped to each SI message. 

It is summarized in LS [3] that it appears to be more efficient to transmit a fixed number of system information bits in one single TB (up to the simulated maximum TBS of 1000 bits) rather than splitting them into separate smaller TBs. Therefore it would be beneficial to limit number of SIBs.
The SIB1 size increases with the number of elements included in plmn-IdentityList or/and schedulingInfoList, for example, 24bits are required with each new plmn-Identity. In the worst case that the maximum number of plmn-Identity is configured, the SIB1 will need additional 120bits accordingly. 
Observation 1: The size of the information element in type of LIST. (i.e. the plmn-IdentityList, etc) needs to be restricted to achieve the desired message size.
2.2
Rel-13 low complexity UEs specific parameters
Control Format Indication

RAN1 #80 [6] agreed that for "Physical downlink control channel for MTC" and other PDSCH, the starting OFDM symbol is broadcast to all low-complexity/coverage-enhancement UEs in a cell via a shared higher layer parameter in MTC SIB1.The CFI consists of two bits of information, corresponding to the four control-region sizes utilized for legacy LTE system of zero, one, two, or three OFDM symbols
Frequency allocation for LTE-M region
Before accessing the cell, the Rel-13 low complexity UE needs to understand the frequency allocation of the narrowband region(s) within the system bandwidth, it would be natural that the narrowband configuration is contained in the new SIB1 as other cell access relevant parameters. 
If/When PDSCH for paging message or RAR message is indicated via physical downlink control channel for MTC, the Rel-13 low complexity UEs and UEs in enhanced coverage need to be aware of the “frequency region” for searching corresponding physical control channel which may be given by M-SIB1 as new parameters.
RIV is normally used to specify the resource allocation to represent the number of RBs and starting RB, however as for Rel1-3 low complexity UE, the number of RBs is fixed to 6PRB; it would be necessary to broadcast only the starting RB to indicate the frequency allocation in terms of number of bits utilized. (At most seven bits are required considering the maximum bandwidth supported by LTE)
New SI scheduling information:
Based on the discussion in [7], periodical transmission could provide time diversity to improve the transmission efficiency and reduce the implementation complexity. Existing si-Periodicity IE could be reused with the same size to represent the transmission periodicity/cycle for each SI-message without need to introduce any new information element.
For frequency domain scheduling, if the frequency hopping is applied, additional parameters for indicating the hopping pattern may be defined in scheduleInfoList of SIB1. The required parameters may vary depending on how the hopping will be configured, it is estimated that 1 or 2 bytes might be needed. Alternatively, if the SI message is transmitted on a fixed frequency domain, then up to one byte is required.
RA procedure configuration

As per agreement from RAN1 #80[6], eNB needs to notify UE the following parameters to UE within MTC SIB1

· The potential mapping between each PRACH repetition level and the PRACH resource set. The PRACH resource set could be narrowband frequency region allocation, different preamble group, and PRACH configuration index, etc.
· The number of preamble repetitions attempt for each PRACH repetition level, each PRACH repetition level may allow multiple attempts.
· The number of supported PRACH repetition level (up to 3)

· Apart from those parameters, the number of preamble repetitions for each PRACH repetition level as well as the number of repetitions of physical downlink control channel and data channel would also be needed, which have the one to one mapping with the PRACH repetition level. ~ 4 bits for each

The number of the repetitions of the physical channels is applied for the signalling transmission before and during the connection setup procedure, and could be reconfigured by dedicated signalling after that.
In addition, RA enhancement might be necessary to compensate the negative impact caused by techniques applied for Rel13 low complexity UE or/and UE in coverage enhancement mode. Based on the discussion in [8], new parameters might be carried in PRACH-ConfigSIB as below:

· PRACH frequency hopping: it is assumed that 1 ~ 2 bytes might be needed to indicate the hopping pattern
· Starting subframe for PRACH preamble transmission: depending on different design, 0 ~1 bytes are needed
· Other potential new time domain related parameters: ~ 2 bytes
The mapping between the repetition level and the PRACH resource set including the number of preamble repetitions attempt could be intuitively realized by changing the existing RACH Common configuration or/and PRACH configuration to the type of LIST which contains at least the configuration for low complexity UE, and up to three separate configurations corresponding to different repetition level. However the configuration of PRACH or the common RACH related parameters will dramatically increase with the number of the elements in the list, see the rough size estimation below:
Currently PRACH-ConfigSIB contains 28bits, then the LIST containing four elements would need 112 bits
	PRACH-ConfigSIB
	Size

	rootSequenceIndex
	10 bits

	prach-ConfigIndex
	6 bits

	highSpeedFlag
	1 bit

	zeroCorrelationZoneConfig
	4 bits

	prach-FreqOffset
	7 bits


Table 2-1
The size of information elements in PRACH-ConfigSIB
Existing RACH-ConfigCommon contains 23 bits, the LIST containing four elements would need 92 bits
	RACH-ConfigCommon
	Size

	numberOfRA-Preambles
	4 bits

	powerRampingParameters
	6 bits

	preambleTransMax
	4 bits

	ra-ResponseWindowSize
	3 bits

	max-ContentionResolutionTimer
	3 bits

	maxHARQ-Msg3Tx
	3 bits


Table 2-2
The size of information elements in RACH-ConfigCommon
Therefore the optimized design of mapping between the PRACH/RACH configuration and the repetition level would be expected.
For PRACH-ConfigSIB configuration:

· rootSequenceIndex does not necessarily have one to one mapping with the repetition level

· New designed prach-ConfigIndex for Rel13 low complexity UE and coverage enhanced UE 

· To specify the preamble format for Rel13 low complexity UE and coverage enhanced UE to achieve the coverage or/and
· To  restrict the PRACH density if the discontinuous preamble transmission is applied to limit the choice of the PRACH occasions or to specify the starting subframe for the continuous transmission

Based on the assumption above, the size of the PRACH resource configuration could be reduced to 70bits approximately.

For RACH-ConfigCommon configuration: 
· To study further if there is need to map the preamble with the repetition level, or to use preamble for indicating the Rel13 low complexity category/repetition level if separate frequency region is allocated for Rel13 low complexity UE or UE in coverage enhancement mode.
· To keep existing structure as a base configuration, the formula for deriving the configuration parameter with the repetition level could be predefined. I.e. the UE could derive the parameters associated to a specific repetition level according to the common configuration. Given this, the RACH common configuration does not need any extra bits.
Observation 2:  The mapping between the PRACH/RACH configuration and the repetition level needs to be well designed to minimize the potential size increase.

2.3
M-SIB1 size estimation.
Based on the agreement from RAN2, it is intended to define a  new MTC SIB1 common for both low complexity UEs and UEs in enhancement mode.  Therefore the M-SIB1 needs to contain all the essential information  including the cell access related information, i.e. relevant information for evaluating if UE is allowed to access a cell as well as the common radio resource configuration (common and shared channel information).  In addition, apart from  those parameters which are provided by SIB1, SIB2 and SIB14 with existing specification, the extension or update for Rel13 low complexity UE or UE in CE needs to be taken into account.

Proposal 1: The M-SIB1 contains the necessary information in existing SIB1, SIB2 and SIB14 as well as the extension or update for Rel13 low complexity UE or/and UEs in coverage enhancement mode.
	New or updated parameter
	Description
	Size

	Starting OFDM symbol for starting control/data reception
	Value range: 1~3 or 2 ~ 4 (FFS if starting OFDM symbol can be 0)
Possible ASN data type: ENUMERATED
	2 bits

	Frequency allocation for LTE-M downlink control channel region for common message
	Needs 7 bits to indicate the starting RB
Possible ASN data type: Integer 
	7 bits

	Frequency domain index for SI messages 
	Included in the existing schedulingInfoList for each SI message

Possible ASN data type: Integer
	7 bits

	Frequency hopping pattern indication for SI messages
	Included in the existing schedulingInfoList for each SI message

Possible ASN data type: SEQUCE which contains both frequency domain and time domain pattern
	1~2 bytes

	PRACH configuration option 1
	Possible ASN data type for PRACH configuration for UE in CE mode: 

SEQUENCE (SIZE (1..3)) OF PRACH-ConfigMTCSIB
Where PRACH-ConfigMTCSIB is based on PRACH-ConfigSIB but also contains the specific parameters for UE in coverage enhancement mode as described in 2.2
The list contains up to three separate PRACH configurations mapping to different repetition level.

Possible ASN data type for PRACH configuration for Rel13 low complexity UE.

PRACH-ConfigMTCSIB
	~160bits 

	PRACH configuration option 2
	Optimized PRACH configuration for Rel3 low complexity UE or/and UE in CE mode


	~118 bits

	RACH common configuration option 1
	Possible ASN data type for RACH common configuration for UE in CE mode
SEQUENCE (SIZE (1..3)) OF RACH-ConfigCommon
The list contains up to three separate PRACH configurations mapping to different repetition level.

Possible ASN data type for RACH configuration for low complexity

RACH-ConfigCommon
	92 bits

	RACH common configuration option 2
	Possible ASN data type to define the base of the  RACH common configuration:

RACH-ConfigCommon
	23 bits


Table 2-3
Extension of the system information for Rel13 low complexity UE or/and UE in CE mode
The minimum set of necessary information elements in SIB1, SIB2 and SIB14 have 290bits (see Annex), which is used as the basis for potential MTC SIB1 size estimation.
	
	PRACH configuration option 1
	PRACH configuration option 2

	RACH common configuration option 1
	568 bits
	516 bits

	RACH common configuration option 2
	489 bits
	447 bits


Table 2-2
 Estimated M-SIB1 size
To provide essential information for Rel13 low complexity UE, the minimum M-SIB1size may vary from 447 bits to 568 bits bytes approximately depending on different RA configuration choices.
Observation 3: The minimum information required in the potential M-SIB1 ranges from 447 bits to 568 bits approximately.

3
Conclusion

This contribution analyzed impact to the information elements contained in the potential system information message from the TBS size restriction, the following observations were made:

Observation 1: The size of the information element in type of LIST. (i.e. the plmn-IdentityList, etc) needs to be restricted to achieve the desired message size.
Observation 2:  The mapping between the PRACH/RACH configuration and the repetition level needs to be well designed to minimize the potential size increase.

Observation 3: The minimum information required in the potential M-SIB1 ranges from 440 bits to 561 bits approximately.

Given the analysis and observations above, we propose:

Proposal 1: The M-SIB1 contains the necessary information in existing SIB1, SIB2 and SIB14 as well as the extension or update for Rel13 low complexity UE or/and UEs in coverage enhancement mode.

Proposal 2: RAN2 takes the above observations into consideration when defining the new MTC SIB1.
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Annex

The table below gives the size of each information element which might be included in the MTC SIB1. Those information elements are contained in existing SIB1,SIB2 and SIB14 and  provide a minimum set of essential information for accessing a cell for the Rel-13 low-complexity UE and the UE in coverage enhancement mode. The total size of those information elements is 290 bits. (NOTE: the extension fields in SIB1, SIB2 and SIB14 are considered as absent.)
	Information element
	Size (bits)
	NOTE

	Content in SIB1

	cellAccessRelatedInfo
	72
	

	plmn-IdentityList (1-6)
	25
	It is assumed that one plmn-Identity is included in the list as explained in chapter 2.1

	trackingAreaCode
	16
	

	cellIdentity
	28
	

	cellBarred
	1
	

	intraFreqReselection
	1
	

	csg-Indication
	1
	

	csg-Identity
	0
	

	cellSelectionInfo
	6
	

	q-RxLevMin
	6
	

	q-RxLevMinOffset
	0
	

	p-Max
	6
	

	freqBandIndicator
	6
	

	schedulingInfoList (1-32)
	8
	It is assumed that only one SI message is included as explained in chapter 2.1

	tdd-Config
	7
	

	si-WindowLength
	0
	As discussed in [7], the new MTC SI message may be transmitted periodically, so there is no need to define the SI window.

	systemInfoValueTag
	5
	

	
	110
	

	Content in SIB2

	ac-BarringInfo
	25
	

	ac-BarringForEmergency
	1
	

	ac-BarringForMO-Signalling
	12
	

	ac-BarringForMO-Data
	12
	

	radioResourceConfigCommon
	98
	

	rach-ConfigCommon
	0
	There may be new RACH configuration for low complexity UE and UE in coverage enhancement mode as explained in chapter 2.2, therefore the legacy RACH configuration is not counted.

	bcch-Config 
	2
	

	pcch-Config 
	5
	

	prach-Config
	0
	There may be new PRACH configuration for low complexity UE and UE in coverage enhancement mode as explained in chapter 2.2, therefore the legacy PRACH configuration is not counted

	pdsch-ConfigCommon
	9
	

	pusch-ConfigCommon
	21
	

	pucch-ConfigCommon
	23
	

	soundingRS-UL-ConfigCommon
	8
	

	uplinkPowerControlCommon
	29
	

	ul-CyclicPrefixLength
	1
	

	ue-TimersAndConstants
	18
	

	t300
	3
	

	t301
	3
	

	t310
	3
	

	n310
	3
	

	t311
	3
	

	n311
	3
	

	freqInfo
	24
	

	ul-CarrierFreq
	16
	

	ul-Bandwidth
	3
	

	additionalSpectrumEmission
	5
	

	mbsfn-SubframeConfigList (0-8)
	0
	

	timeAlignmentTimerCommon
	3
	

	
	168
	

	Content in SIB14

	eab-Common/eab-PerPLMN-List (0-6)
	12
	It is assumed the EAB-Common configuration is applied.

	
	12
	


