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1 Introduction
The new work item “low cost & enhanced coverage MTC UE for LTE” was approved in RAN#60 in [1]. One of the objective is to specify a new UE category/type for MTC operation supporting the following capabilities to get low cost:
· “1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.”
For SIB transmissions, the physical layer imposes a limit on the maximum size for a SIB. It is noted in [2] that “when DCI format 1C is used the maximum allowed by the physical layer is 1736 bits (217 bytes) while for format 1A the limit is 2216 bits (277 bytes)”.
The consequences of restricting downlink maximum TBS to 1000 bits and data channel bandwidth of 1.4 MHz may impact on receiving SIBs for low cost MTC UEs. In this contribution, we express our consideration on the solutions to SIB transmissions for low cost MTC UEs and coverage improvement for SIBs.
2 Solutions to SIB transmissions for low cost MTC UEs

For the existing IEs of current SIB1~SIB16, the size of the contents for each SIB type is within the 1000 bits maximum TBS limit for low cost MTC UEs. However, when SIBs having the same scheduling requirement (periodicity) are mapped to the same SI message, the size of the SI message may exceed the TBS limit. Moreover, legacy SIBs may be scheduled in more than 6PRBs, which exceeds the maximum data processing bandwidth for low cost MTC UEs. In order to make low cost MTC UEs could receive system information regardless of system bandwidth, there are several possible solutions. The following gives an elementary analysis for these solutions.

Solution 1: limit the transmission of all SIBs within 1000bits TBS and 6PRBs for low cost MTC UEs and other UE categories (category 1-8)
The solution has a restriction for the mapping of SIBs to SI messages as SI message should not be more than 1000 bits. 

This solution has little specification impact. No additional overhead is needed as low cost MTC UEs share the same SIB contents of all SIBs with other UE categories. However, it may affect the block error rate performance of SIB with all kinds of types for other UE categories as the lowest coding rate is limited to ensure all SIBs transmitted within 6PRBs even the system bandwidth is larger than 1.4MHz. Solutions need to be considered to minimize the performance impact on UEs with other categories and the impacted SIB type number as much as possible.
Solution 2: limit the transmission of the necessary SIBs for low cost MTC UEs within 1000bits TBS and 6PRBs 

To limit the performance impact to only a certain SIBs, it is beneficial to understand which SIB(s) are necessary for low cost MTC UEs. When analyzing the critical system information required for low cost MTC UEs by looking into the information provided by each SIB in [2], the observations are:
· SIB1 contains information relevant when evaluating if a UE is allowed to access a cell and defines the scheduling of other system information. SIB2 contains radio resource configuration information that is common for all UEs. Both SIB1 and SIB2 are required for low cost MTC UEs.
· SIB3-SIB8 contain mobility related information that may not be required for low cost MTC UEs since these only need to support limited mobility (no seamless handover) according to the requirements in TR36.888 [3].

· SIB9-SIB16 do not seem to contain information essential to this targeted types of UEs either, possibly with the exception for SIB13 which contains the information required to acquire the MBMS control information and SIB14 which contains Extended Access Barring related information.

Observation: SIB1, SIB2 and possibly SIB13, SIB14 are necessary SIBs for low cost MTC UEs.
In this solution, SIB1 and SI messages containing SIB2 and possibly SIB13, SIB14 are limited to 1000bits TBS and 6 PRBs. Low cost MTC UEs share the same SIB contents of the necessary SIBs with other UE categories and there is no additional overhead.
The transmission limitation only occurs to SIB1, SIB2 and possibly SIB13, SIB14 which could have no impact on other SIBs. However, it would affect the performance of SIB1, SIB2 and possibly SIB13, SIB14 detection for other UE categories in bandwidth larger than 1.4MHz . 
Solution 3: limit the transmission of the necessary SIBs for low cost MTC UEs within 1000bits TBS and 6PRBs in pre-defined subframes
To further minimize the SIB detection performance impact of other UE categories, it could restrictedly transmit the necessary SIBs (proposed in solution 2) within 1000bits TBS and 6PRBs in pre-defined subframes. In the pre-defined subframes, both low cost MTC UEs and other category UEs could get the system information contained, while other category UEs could also get system information in subframes in which SIB1, SIB2 and possibly SIB13, SIB14 are scheduled in more than 6PRBs to maintain the performance. 
The period of the pre-defined subframe configuration determines the delay of SIB detection for low cost MTC UEs because low cost MTC UEs should wait until the pre-defined subframe to get system information. There is impact on the performance of SIB detection for other UE categories only in the pre-defined subframes with 6PRBs SIB transmission limit. The period of the pre-defined subframes configuration should take into account the tradeoff between the SIB detection delay of low cost MTC UEs and the impact on the performance of UEs with other categories.
The comparison of the solutions is summarized in Table 1 as below. Given the benefits and drawbacks listed in the Table 1, to make low cost MTC UEs get system information in whatever system bandwidth and minimize the impact on SIB detection of other UE categories, we propose to limit the transmission of the necessary SIBs for low cost MTC UEs within 1000bits TBS and 6PRBs in pre-defined subframes.

Table 1: Comparison of different solutions
	
	Sol 1: limit the transmission of all the SIB types
	Sol 2: limit the transmission of necessary SIBs
	Sol 3: limit the transmission of necessary SIBs in pre-defined subframes

	Impact on the transmission for each SIB type
	Impact all the SIB types
	Impact SIB1, SIB2 and possibly SIB13, SIB14
	Impact SIB1, SIB2 and possibly SIB13, SIB14

	Impact on SIBs detection performance of other UE categories in bandwidth larger than 1.4MHz
	Large on all the SIB types
	Large on SIB1, SIB2 and possibly SIB13, SIB14
	Moderate on SIB1, SIB2 and possibly SIB13, SIB14


Proposal: The necessary SIBs transmission could be limited to 1000bits TBS and 6 PRBs for low-cost MTC UEs, which could possibly be restricted within pre-defined subframes.

3 Coverage improvement for SIBs

The work item also has a coverage improvement objective for the UE category/type defined and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. For SIBs coverage improvement, we need to consider a common solution for the UE category/type defined and other UEs as the following objective is stated in the work item [1]:
· “When defining the detailed solutions for the above coverage enhancement techniques, relative spectral efficiency impact and cost/power consumption impact should be taken into account, and divergence of solutions between the new UE category/type and other UEs (mentioned above) should be minimised where possible.”
The solutions to improve coverage for SIBs include:
a) Repetition in time domain (Chase combining of SIBs)
The solutions for PDSCH coverage improvement identified in [3] could be applied for SIBs coverage improvement. Repetition in time domain is the most effective solution which could be implemented by adding more transmission opportunities for SIBs. The transmission opportunities for SIBs need to be predefined in order to let UEs requiring coverage improvement know when to decode and when to combine multiple transmissions.
Considered the capabilities of the new UE category, the SIB retransmissions need to be limited to 1000bits TBS and 6PRBs. The limitation is common to both the new UE category and other UEs for coverage improvement.

b) Defining new SIB content containing only the essential system information for coverage improvement

As mentioned in the previous section, the size of the content supported by the specification for each SIB type is within the 1000 bits maximum TBS limit for low cost MTC UEs. Low cost MTC UEs could get the system information without defining new SIB content.  The purpose of this solution is to reduce the size of the SIB content which is beneficial for coverage improvement. The combination of defining new SIB content and repetition in time domain is required to achieve the coverage improvement target. When a significant amount of the SIB content bits could be not essential, considerable resources will be saved by the repetition time’s reduction. However, we need to consider the requirement of both the new category UEs and other UEs when deciding the essential system information needed for coverage improvement. It is worth considering how many resources we can save and the large specification impact of defining new SIB content.

4 Conclusions

The solutions to SIB transmissions for low cost MTC UEs are compared and coverage improvement for SIBs is analyzed in this contribution, the observation and proposal include:

Observation: SIB1, SIB2 and possibly SIB13, SIB14 are necessary SIBs for low cost MTC UEs.

Proposal: The necessary SIBs transmission could be limited to 1000bits TBS and 6 PRBs for low-cost MTC UEs, which could possibly be restricted within pre-defined subframes.
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