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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.
RAN1#79 [2] made working assumption that the legacy PBCH with additional repetitions will be utilized by Rel-13 low complexity UEs and UEs operating CE, and RAN2 #89 [3] also agreed that 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. 
However the potential need to utilize spare bits in MIB is still open. Thus we analyze this issue further to clarify on the need and details of the utilization of spare bits to provide necessary information for Rel-13 low complexity UEs and UEs in enhanced coverage.
2
Discussion

The MIB contains a limited number of most essential and frequently transmitted parameters that are needed to acquire other information from the cell. Based on the assumption/proposals available from RAN1 discussions, several potential new parameters are likely to be added in MIB to support the special capability requirement for Rel-13 low complexity UEs, including the capability indication for supporting Rel-13 low complexity UE or the UE in coverage enhancement ode and the scheduling information of new MTC system information block.

Considering the uniqueness of MIB which provides the most important parameters common for all the UEs served by the cell, the efficient utilization of the spare bits in MIB would be expected. Thus whether and how to utilize the spare bits in MIB for providing Rel-13 low complexity UEs specific parameters need carefully consideration. 
Scheduling information of the potential new SIB1
The extra repetition of the data transmission due to the UE capability restriction may consume additional resource for transmitting downlink physical control channel, thus 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.  Given this, it would be desirable to optimize the scheduling scheme to simplify the required scheduling information.

Based on the analysis in [4], the frequency location of new SIB1 including the starting PRB and the frequency hopping pattern might be predefined in specification, the frequency allocation is not necessary in MIB. However, it may be left to the eNB implementation whether to support the frequency hopping for MTC SIB1transmission. One additional bit might be reserved to indicate UE which frequency allocation scheme shall be applied for acquiring the MTC SIB1.
In addition, like the existing SIB1 scheduling, the new MTC SIB1 could also be transmitted in a fixed cycle for simplicity. With predefined allocation for both time domain and frequency domain, only the TBS of MTC SIB1 is needed for PDSCH transmission from scheduling point of view. Furthermore the MTC SIB1 only needs to carry the crucial information and the structure could be simplified, which makes the size of the new MTC SIB1 message nearly constant or vary within a small range. As a consequence, the MTC SIB1 transmission may only need to support a limited subset of transport block sizes, which means only few bits are required to indicate the TBS index. It is assumed that 2 ~ 3 bits are enough according to the estimated MTC SIB1 size range from [5]
Observation 1: The TBS index and frequency hopping flag are sufficient for scheduling MTC SIB1.
Additional capability indication for supporting Rel-13 low complexity UEs or/and UEs in coverage enhancement mode in MIB

In Rel12, the eNB needs to indicate its capability for supporting Cat-0 UE in SIB1 in order to avoid the false access of Cat-0 UE to the legacy network, and a Cat-0 UE considers a cell that is incapable of supporting Cat. 0 as barred. However without knowing if the network is capable of supporting the enhanced feature of the new type of UE, the Rel-13 low complexity UEs may attempt to acquire the MTC SIB1 from the predefined frequency location of the narrowband region (if applicable) [4]. There would be risk that the UE could not decode the M-SIB1 successfully and it may keep trying the acquisition consequently. The unnecessary camping attempt to the cell which is incapable of supporting the new type of UEs would increase the UE power consumption and prolong the normal access latency. Under this consideration, the capability indication in SIB1 is not sufficient enough and the early capability indication in MIB to UE would be desirable. The Rel-13 low complexity UE could already know the network’s capability after decoding MIB by which the UE is able to determine whether to continue accessing the cell or not accordingly. 
The potential TBS index for scheduling the MTC SIB1 in MIB may imply the capability whether the eNB is capable of supporting the Rel-13 low complexity UE, e.g.  The UE could consider a non-zero value of TBS index as the positive indication, thus no extra bit would be required to serve this purpose.
Observation 2: The capability indication for supporting Rel-13 low complexity UE is necessary in MIB and could be implicitly indicated by the TBS index.
There is scenario that a normal UE in coverage enhancement mode may try to camp a cell which supports low complexity UE only. The UE may be able to decode MTC SIB1 according to the scheduling information in MIB after combining a number of MTC SIB1 transmissions. It may get knowledge whether the cell could serve the UE in coverage enhancement mode by decoding the relative parameters, for example the number of supported PRACH repetition level from MTC SIB1. However the acquisition of MTC SIB1 may increase UE power consumption and delay the subsequent access to other capable cells. In this respect, it may seem sensible to apply one bit as the flag for “coverage enhancement on or off” to avoid unnecessary camp attempt towards a cell which does not support the coverage enhancement UEs.
Observation 3: It is beneficial to indicate whether the coverage enhancement is supported in MIB. 
Summary
Table 2-1 below summarizes the potential new parameters to be added in MIB. Totally 4-5 bits will be required, which still leaves sufficient room for future extension. In addition, the required bits may be reduced if the ASN1.1 definition could be well designed to interpret those parameters in an optimal way.
	New Parameter
	Size (bits)

	M-SIB1 TBS index
	2-3

	M-SIB1 Frequency Hopping Flag
	1

	Coverage enhancement support indication
	1


Table 2-1.  Potential new parameters in MIB.
3
Conclusion

This contribution analyzed whether and how the spare bits of MIB could be utilized for Rel-13 low complexity UEs, the following observations were made:

Observation 1: The TBS index and frequency hopping flag are sufficient for scheduling MTC SIB1.
Observation 2: The support of Rel-13 low complexity UE is necessary and could be implicitly indicated by the TBS index.

Observation 3: It is beneficial to indicate whether the coverage enhancement is supported in MIB. 
Based on the analysis and observation above, the early knowledge of some crucial information in MIB is helpful to improve the performance for accessing the cell by the Rel-13 low complexity UEs or/and UEs in coverage enhancement mode.
Proposal 1: RAN2 considers the potential usage of the spare bits in MIB for informing the Rel-13 low complexity UE related parameters by taking the above observations into account.
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