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Introduction
In [1], a proposal for using some of the MIB spare bits for MTC was discussed. In RAN2#89, it was 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. 
In this contribution, we provide further details on using the MIB spare bits for MTC.

2
Using MIB Spare Bits
The MIB currently contains 10 spare bits which are reserved for future uses. Since the CRC for the MIB is generated using the entire transport block including the spare bits, the UE must also correctly decodes the spare bits in order to succefully pass the CRC frame error check. Therefore, MIB performance would not be affected significantly when spare bits are used. 

The MIB spare bits have been reserved since Rel-8 specification and have not been used. In Rel-13, RAN2 intends to branch from SIB1, i.e., LC-MTC and CE UEs receive a separate occurrence of SIB1 and others (different time/frequency resources). The new SIB1 is common for LC-MTC and CE UEs. In this contribution, we will use the terminology M-SIB1 to distinguish the separate SIB1 for Rel-13 LC-MTC UEs and UEs in enhanced coverage from legacy SIB1. Additionally, RAN2 intends to maintain the flexibility similar to the one offered by the current SIB concept, i.e., the size of the M-SIB1 should not be fixed. Therefore, scheduling information about M-SIB1 must be signalled to the UEs. A proposal for M-SIB1 transmission is presented in [2] and summarized below –
· M-SIB1 is transmitted at a fixed time that is known to the UE.

· M-SIB1 is transmitted using 6 PRBs.

· The starting PRB for M-SIB1 is known to the UE (e.g. fixed via specification).

· Frequency hopping can be supported for M-SIB1 transmission – 1 bit.
· A reduced TBS table can be used for M-SIB1 – 2-3 bits.
Using the MIB spare bits for scheduling information is beneficial since there is no performance impact from using them. If an associated DCI were to be used, this would require about 20 bits (4 bits for DCI and 16 bits for CRC). This would require approximately 20-30 subframes, each using 6 PRBs, to reach MCL of 155.7dB and 1% BLER based on results shown in [3]. Even if the overhead can be reduced (e.g. by using shortened CRC), it would still be quite high. As a result, it is proposed that M-SIB1 scheduling information is provided in the MIB. From the above discussion, 3-4 bits are required to signal the DCI for M-SIB1. This is a sufficiently small number of bits to be included in the MIB while still leaving some spare bits for future uses.  
Proposal 1: M-SIB1 scheduling information is provided in the MIB. The following fields are signalled – TBS (2-3 bits) and frequency hopping flag (1 bit).
In Rel-12, 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. This is done through the RRC parameter cellAccessRelatedInfo-v12xy. A similar mechanism will be required in Rel-13 as well. As RAN2 intends to branch from SIB1, i.e. Rel-13 LC-MTC and CE UEs will receive a new M-SIB1, the eNB can indicate support for LC-MTC UEs with a presence of the M-SIB1 scheduling information in the MIB. No additional bit would be required for this purpose, and this will prevent LC-MTC UE from having to blindy try to acquire M-SIB1. 
One potential issue is that the cell supports CE mode but not LC-MTC UEs. However, as noted in [5], coverage enhancement solutions should be the same for the new low complexity UE category/type and for other UEs, however if a divergence cannot be avoided, the specification work for the new low complexity UE category/type should be given higher priority. This seems to point to the direction that cell supporting CE mode would be able to support LC-MTC UEs as well.
Note that spare bits are currently sent as zeros, so all zeros cannot be used as a valid M-SIB1 scheduling information code point. Thus, we either need to preclude the all-zeros code point from the encoding of the information or have one more bit set to 1 to indicate that the M-SIB1 scheduling info is present. Alternatively, if the scheduling information for M-SIB1 is signalled by CSS (E)PDCCH, then the (E)DPCCH can be used to indicate cell access support of Rel-13 LC-MTC UEs
Proposal 2: M-SIB1 scheduling information can be used to indicate cell access support of Rel-13 LC-MTC UEs.
In addition to indicating support for LC-MTC UEs, the network will also need to indicate support for coverage enhancement. This could be done, e.g. through the presence of PRACH with repetition definition in M-SIB1. However, this would require the UE to read M-SIB1. Note that a cell may support LC-MTC UEs but not coverage enhancement. Thus, M-SIB1 would be present but would not indicate support for CE. Hence, the presence of M-SIB1 cannot be used to indicate support for coverage enhancement.  Performance results from [2] show that UEs in CE mode may be able to successfully decode the MIB using multiple decoding attempts. This is true even if the cell does not support CE mode. Thus, UEs in coverage enhancement mode may consider it is in the coverage extension area incorrectly after successfully acquiring the MIB but unsuccefully undergoing normal M-SIB1 acquision. In this case, it may start to acquire M-SIB1 using the coverage enhancement procedure assuming additional repetition of M-SIB is required for decoding M-SIB1correctly. 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 M-SIB1 is not sufficient enough and the early capability indication in MIB to UE would be desirable. The LC-MTC 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.
Proposal 3: Consider indicating cell support for coverage enhancement in the MIB (1 bit).

Finally, it was agreed in RAN1#80 that The starting symbol of MTC control and data channels is broadcast to all LC-MTC/CE UEs in a cell via a shared higher layer parameter in M-SIB1. However, this can be revisit if two reserved bits of MIB can be made available for this purpose. The benefit of this approach is that the M-SIB1 starting point would not have to be specified, thus smaller value than 3 can be used for M-SIB1 which would provide some performance gain. The drawback is that two spare bits in the MIB are used up for signalling to only Rel-13 LC-MTC UEs information that is likely to remain unchanged for a long time. Currently, 4-5 bits are envisioned for MTC related fields. Thus, there might not be sufficient room left for the CFI field considering that sufficient number of spare bits should be reserved for future uses. However, it can be left to RAN2 to decide whether to use the MIB spare bits for this purpose.
Table 1 summarizes the proposed new fields for the MIB. Without the CFI, 4-5 bits will be required, which still leaves sufficient room for future extension. Note that it is possible to reduce the number of required bits if some fields are combined to create valid combinations.
Table 1. Proposed new fields for the MIB.
	Field
	Size (bits)

	M-SIB1 TBS 
	2-3

	M-SIB1 Frequency Hopping Flag
	1

	Coverage enhancement support
	1

	CFI (if sufficient room in MIB)
	2


3
Conclusion
In this contribution, we consider using the MIB spare bits for MTC. The following proposals are made –

Proposal 1: M-SIB1 scheduling information is provided in the MIB. The following fields are signalled – TBS (2-3 bits) and frequency hopping flag (1 bit).

Proposal 2: M-SIB1 scheduling information can be used to indicate cell access support of Rel-13 LC-MTC UEs.
Proposal 3: Consider indicating cell support for coverage enhancement in the MIB (1 bit).
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