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1
Introduction

3GPP Rel-13 includes a work item entitled “Further LTE Physical Layer Enhancements for MTC” [RP-141660] with the following main objectives:

-
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.

Those capabilities restriction will lead to downlink performance degradation and the number of bits that can be reliably transmitted on the SIB messages will be reduced [R1-145414]:
-
Repetition is required to transmit SIB messages

-
The number of repetitions can be high, e.g.  16-32 repetitions are required for SIB size of 328 bits

-
The number of repetitions increases with the SIB size, e.g.  16-32 repetitions are required for SIB size of 328 bits, 30-40 repetitions are required SIB size of 504 bits

-
For a given SIB size, FFS whether it may be more efficient to use one SIB rather than multiple smaller SIBs

Therefore RAN1 suggested reducing the SIB size to keep it as small as possible by limiting the mobility support for Rel-13 low complexity UEs at least in enhanced coverage [R1-145416]. It is also recommended to consider introducing new SIB(s) for Rel-13 low complexity UEs in normal and enhanced coverage, but the design of the new SIBs as well as the scheduling scheme are still for further study. 

Thus we would like to analyze the implication to the information elements contained in the potential new SIB(s) according to existing system information block definition.
2
Discussion

2.1
General discussion
In order to camp a cell, the necessary information, such as cell access information including parameters relevant when evaluating if UE is allowed to access a cell as well as the common radio resource configuration (common and shared channel information) need to be provided to the Rel-13 low complexity UEs.

However on the grounds of the capability restriction, 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 [36.331]

-
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 [36.304]. 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. 

-
Some specific barring parameters are not relevant to Rel-13 low complexity UEs including ssac-BarringForMMTEL-Voice-r9, ssac-BarringForMMTEL-Video-r9 and ac-BarringForCSFB-r10 (Contained in SIB2)

-
Speed dependent reselection related parameters in SIB3 which are applied for the UE in High- or Medium-mobility state could be ignored for Rel-13 low complexity UEs.

-
Similarly the speed dependent reselection ScalingFactor for TreselectionEUTRA could be removed (t-ReselectionEUTRA-SF contained in SIB3 and SIB5)

-
allowedMeasBandwidth in SIB3 indicates the maximum allowed measurement bandwidth on a carrier frequency which is not needed for Rel-13 low complexity UEs. (Contained in SIB3)

-
In addition, s-NonIntraSearch and s-intraSearch in SIB3 could be replaced by s-NonIntraSearchP and s-intraSearchP respectively, no need to set them both present in the system information. 

2.2
Analysis on the features for the new type of UEs

The size of SIBs heavily depends on the network configuration, as mentioned in [36.388], 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 requirement, it may be sufficient to support the fundamental features for Rel-13 low complexity UEs. Other more advanced features thus are quite expensive from the UE implementation perspective and may be excluded, e.g. the CA, HeNB, inter-RAT mobility, etc. However there are still some optional features need careful considerations for Rel-13 low complexity UEs.
2.2.1
Cell reselection:

If it is expected to support the idle mode mobility functionality, the new type of UE should read the mobility related information including those for intra/inter frequency which are contained in SIB3~5 currently.
-
The cell re-selection information related to the serving cell.
-
The cell re-selection information about the serving frequency and intra-frequency neighbouring cells.
-
intraFreqBlackCellList in SIB4 provides information of blacklisted intra-frequency neighbouring cells (up to 16), and each element of the list contains around 2 bytes.

This information element could contain at most 31 bytes.
-
intraFreqNeighCellList in SIB4 provies specific cell-reselection parameters of the intra-frequency neighbournig cells (up to 16), and each element of the list contains around 2 bytes.

This information element could contain at most 29 bytes.
-
In case of the inter-frequency deployment, the cell re-selection information about other E-UTRA frequencies and inter-frequency neighbouring cells.

-
interFreqCarrierFreqList in SIB5 provides the information of neighbouring inter-frequencies. At most 8 frequency layers could be defined, and the size of each element in the list varies from 14 bytes to 71 bytes depending on the the number of cells configured in interFreqNeighCellList and interFreqBlackCellList. In the worst case, the interFreqCarrierFreqList may have around 568 bytes.
-
interFreqNeighCellList in SIB5 provides information of blacklisted intra-frequency neighbouring cells (up to 16), and each element of the list contains around 2 bytes. 


This list could contain up to 31 bytes.
-
interFreqBlackCellList in SIB5 provies specific cell-reselection parameters of the intra-frequency neighbournig cells (up to 16), and each element of the list contains around 2 bytes.

This list could contain up to 29 bytes.


In addition, if the Multiple Frequency Band Indicator is supported, the multiBandInfoList needs to be configured for each neighbouring inter-frequencies, which will consume additional 8 * number of the neighbouring inter-frequencies the cell configured.
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The figure above shows the relationship among the size of the interFreqCarrierFreqList, the frequency layer configured and the number of element included in interFreqNeighCellList for each frequency layer. (In this example,  the interFreqBlackCellList is absent for each frequency layer)

From the analysis above, the idle state mobility related information contributes the most size of system information message, particularly when there are many neighbouring frequencies listed, with cell blacklists, and the associated reselection parameters, message size may be unexpected large which may cause problem for the handling in physical layer. 

Observation 1: The Cell re-selection has outstanding influence on the size of the system information. 
As a UE requiring large coverage enhancement is assumed to be close to stationary, it may be desirable to limit the idle mode mobility function associated with some information elements unless a high mobility scenario is considered. For example, a restriction to the maximum number of frequencies or/and neighbouring cells may be applied. I.e., the operator may provide limited number of carrier frequencies or/and neighbouring cells for Rel-13 low complexity UEs which are not expecting advanced mobility support. On the other hand, the efficient measurement due to the reduced number of carrier frequencies could also save the battery consumption of the UE. Or alternatively the UE may choose to perform cell selection instead of the cell reselection after the signal quality of the serving cell below a threshold. In this case, the system information block size could be reduced significantly due to the removal of all the cell reselection related parameters contained in existing SIB3, SIB4 and SIB5, in addition the complexity of UE implementation might be simplified as well. 

Observation 2: To achieve preferred system information message size, the potential limitation to the idle mobility functionality might be expected.

2.2.2
eMBMS
eMBMS might be considered as one feasible feature for Rel-13 low complexity UEs in case that the same message is broadcasted to a number of subscribers simultaneously. For eMBMS, the MTCH carries data corresponding to a certain MBMS service, the physical layer scheduling for MBSFN data is specified in SIB2. The Multicast Control Channel (MCCH) provides necessary control information to receive MBMS services, including subframe allocation and used Modulation Coding Scheme (MCS), to carry such control channel information, a separate SIB13 specifics the MBSFN control channel information and MBSFN Area specification 

-
mbsfn-SubframeCnfigList in SIB2 defines the subframes that are reserved for MBSFN in downlink. It could contain at most 8 elements, and one element may have 2 or 4 bytes depending on which format is selected for subframeAllocation (oneFrame or fourFrame).

The list may contain up to 32 bytes if eNB configures all the entries with the fourFrame subframeAllocation
-
mbsfn-AreaInfoList in SIB13 contains the information required to acquire the MBMS control information associated with one or more MBSFN areas. It contains at most 8 element, and each element has 4 bytes

The list contains 29 bytes in case all the 8 elements are configured.

eMBMS might be beneficial for Rel-13 low complexity UEs in terms of efficient resources utilization in case the network wants to provide the user data to a multitude of devices via broadcast. The total size of the information for configuring eMBMS is determined by the number of MBSFN areas and MBSFN subframe allocation the cell supported. 
Observation 3: In order to enable eMBMS feature for low cost MTC UEs, the maximum number of MBSFN areas and MBMS subframes allocation reserved by the cell has to be restricted.

2.2.3
Other features

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). The plmn-IdentitiyList will contain 18 bytes if maximum number of elements is configured. For Rel-13 low complexity UEs, it is proposed the dedicated core network may be deployed and upgraded separately to avoid the impact to other services, thus it is foreseen that only a few number of PLMN-identity might be configured which implies the size of the plmn-IdentityList could be much less than 18 bytes.

SIB scheduling: the schedulingInfoList contained in SIB1 contains up to 31 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 likely only a limited number of SIBs will be defined in case the multiple SIBs will be supported. Given additional 4 new SIBs will be defined in addition to the new SIB1 (new SIB2-SIB5 for example), the size of the schedulingInfoList will vary from 5 bytes to 9 bytes depending on how the SIBs are mapped to the SI messages.

Multiple Frequency Band Indicator: With this feature, the LTE frequencies indicated within the SIB may also be accessed by UEs supporting the same physical frequency in different bands

-
multiBandInfoList (multiBandInfoList-v9e0) included in SIB1/SIB5 contains a list of additional E-UTRA operating frequency bands supported by the cell. UE can access the cell if UE supports the mapped band from the indicator broadcasted by this parameter. 

The maximum size of the IE is 8 bytes in case 8 frequency band indicators are included.
-
multiBandInfoList contained in SIB2 consists of a list of additionalSpectrumEmission i.e. one for each additional frequency band included in multiBandInfoList in SIB1, listed in the same order.

The list could consist of at most 8 frequency band indicators which will have 8 bytes at most.
Observation 4: The information elements required by RAN sharing, scheduling of multiple SIBs and Multiple Frequency Band Indicator have less impact to the size of the system information message.

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 Cell re-selection has outstanding influence on the size of the system information. 
Observation 2: To achieve preferred system information message size, the potential limitation to the idle mobility functionality might be expected.

Observation 3: In order to enable eMBMS feature for low cost MTC UEs, the maximum number of MBSFN areas and MBMS subframes allocation reserved by the cell has to be restricted.

Observation 4: The information elements required by RAN sharing, scheduling of multiple SIBs and Multiple Frequency Band Indicator have less impact to the size of the system information message.

Given the analysis and observations above, we conclude in order to reduce the SIB message size to fit to the Rel-13 low complexity UE capabilities limitations, the features supported by the new type of UEs especially the idle mode mobility may need to be constrained, and we propose:

Proposal: RAN2 takes the above observations into consideration when discussing how to limit the mobility support for Rel-13 low complexity UEs.



