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Discussion and decision
1 Introduction
According to RAN1 LS [1], it is currently RAN1 working assumption that “the legacy PBCH with additional repetitions will be utilized by Rel-13 low complexity UEs and UEs operating CE”. This means that Rel-13 MTC UEs shall be able to perform soft combining of the legacy PBCH and its repetitions to improve reception coverage. In addition, the need for further utilizing the spare bits in MIB to include new information for Rel-13 MTC is under further study.  

The detailed design of MTC PBCH is yet to be completed by RAN1, including the exact fixed resources used for MTC PBCH. Current options considered by RAN1 can be found in [4].
There are currently 10 spare bits in MIB which can be utilized to convey additional information for Rel-13 MTC operation. Due to the limited number of bits, they should not be used lightly without careful consideration. In this contribution, we present our views on the potential use of the spare bits of MIB for Rel-13 MTC.
2 MIB for Rel-13 MTC
2.1 Coverage enhancement level
According to [1], there are 3 possible coverage enhancement levels (excluding “zero coverage extension”). It should be a network choice on the maximum coverage enhancement level supported by the network. The coverage enhancement level determines the number of repetitions the UE should assume for reception, including for SIB(s) reception. Simply assuming the maximum coverage enhancement level for SIB(s) reception may not be desirable considering that the number of repetitions (resource overhead) for the maximum coverage enhancement level can be very high compared to the other coverage enhancement level (It is mentioned in [2] that for supporting SNR=14.3dB, 150 repetitions are required for SIB size of 328 bits, but for SNR=-4dB, only 16-32 repetitions are required for the same SIB size (overhead difference of ~4.7 to 9.4 times). For ). 
In addition, if the UE is informed about the coverage enhancement level, the UE can avoid the need to attempt multiple hypotheses in receiving SIB(s), which can significantly simplify UE complexity and save UE power consumption, which is more crucial for Rel-13 low complexity UEs that can be only battery powered.
Therefore, it seems beneficial that the coverage enhancement level supported by the cell is signaled using the spare bits in MIB. As there are 4 coverage enhancement levels including no coverage enhancement, 2 bits of the MIB spare bits can be used. 
Observation 1: It is beneficial in terms of network resource overhead and UE complexity for MTC SIB(s) reception that the coverage enhancement level supported by the cell is indicated in MIB.

Proposal 1: Two MIB spare bits can be used to indicate the 4 different coverage enhancement levels, including no coverage enhancement.
2.2 Network capability to support reduced bandwidth operation
The objective of Rel-13 MTC WI is to specify coverage enhancement features for two kinds of UEs, namely the Rel-13 low complexity UEs and the normal UEs capable of coverage enhancement operation. One of the key differences between the two kinds of UEs is that the Rel-13 low complexity UEs can only support reduced bandwidth of 1.4MHz in downlink and uplink, whereas the normal UEs capable of coverage enhancement can still receive up to 20MHz bandwidth. 
In general, the network can be selective in the features it supports. It is expected that a network that supports Rel-13 low complexity UEs will be able to support normal UEs capable of coverage enhancement, but may not always be the case vice versa. This is because reduced bandwidth imposes a rather severe constraint on network operation and resource allocation, which is unnecessary and highly undesirable for network that doesn’t intend to support Rel-13 low complexity UEs. Table 1 below summarizes the possible network capabilities for Rel-13 MTC.

Table 1: Possible network capabilities for Rel-13 MTC
	Support reduced bandwidth operation
	Support coverage enhancement

	No
	No

	No
	Yes

	Yes
	Yes


From the UE’s perspective, it is desirable for a Rel-13 low complexity UE to identify as early as possible that a cell doesn’t support reduced bandwidth operation, so that it can select a different cell for camping. Otherwise, the Rel-13 low complexity UE may spend unnecessary time and power trying to receive system information with reduced bandwidth, only to find out that it is not able to acquire it after a long time. 
Therefore, it seems beneficial that network capability of reduced bandwidth operation is indicated in MIB, using one of the spare bits. Note that there is no issue receiving MIB with reduced bandwidth since it is always limited to the centre 6 PRBs of the system bandwidth according to [4]. Note also that explicit bit to indicate network support for coverage enhancement operation is not necessary since it can be implicitly indicated with the 2-bit coverage enhancement level indication discussed in Sec 2.1.
Observation 2: Indicating whether the network supports reduced bandwidth operation or not can reduce initial cell access latency and reduce UE power consumption for Rel-13 low complexity UEs.

Proposal 2: One MIB spare bit can be used to indicate the network capability of supporting reduced bandwidth operation.
2.3 Control Format Indicator (CFI)
Due to the reduced bandwidth capability, Rel-13 low complexity UE will not be capable of receiving PDCCH and PCFICH. PCFICH carries the CFI, which is needed for the UE to determine the starting OFDM symbol for PDSCH. In addition, UEs requiring coverage enhancement also may not be able to receive PCFICH reliably since it will not be repeated. There are at least two options to resolve this issue:

Option 1: Fixed CFI value is assumed by Rel-13 low complexity UEs and normal UEs requiring coverage enhancement, e.g. 3, corresponding to 4 and 3 OFDM symbols for control region for 1.4MHz and other system bandwidths, respectively. 
Option 2: CFI is indicated in MIB using the spared bits, e.g. 2 bits.
Option 1 avoids the need of CFI signaling, however it can be inefficient to always assume the largest control region, especially if it is not required for the cell, e.g. small cell. This inefficiency can lead to larger repetitions for the same coverage enhancement. For example, ~500 repetitions are needed to transmit SIB size of 1000 bits at SNR of -14.3dB, a saving of 1 OFDM symbol per subframe translates to a saving of 41 repetitions/subframes; whereas a saving of 2 OFDM symbols per subframe translates to a saving of 77 repetitions/subframes. Option 2 can provide the savings and should be considered. 

Observation 3: Always assuming the largest control region for Rel-13 MTC can lead to significant inefficient resource utilization, e.g. small cells. CFI signaling can be beneficial to maximize resource utilization. 
Proposal 3: Two MIB spare bits can be used to indicate CFI value.
2.4 Others
Other possible information can be considered to be included in MIB is assistance information for MTC SIB acquisition. However, it is not easy to discuss without further progress on MTC SIB. Hence, it is proposed to further consider other potential information inclusion in MIB after sufficient progress is achieved on MTC SIB.  
Observation 4: Other possible information can be considered to be included in MIB is assistance information for MTC SIB acquisition.

3 Conclusions
In this contribution, we presented our views on the potential use of the spare bits of MIB for Rel-13 MTC. Our observations and proposals are summarized below.
Observation 1: It is beneficial in terms of network resource overhead and UE complexity for MTC SIB(s) reception that the coverage enhancement level supported by the cell is indicated in MIB.

Proposal 1: Two MIB spare bits can be used to indicate the 4 different coverage enhancement levels, including no coverage enhancement.
Observation 2: Indicating whether the network supports reduced bandwidth operation or not can reduce initial cell access latency and reduce UE power consumption for Rel-13 low complexity UEs.

Proposal 2: One MIB spare bit can be used to indicate the network capability of supporting reduced bandwidth operation.
Observation 3: Always assuming the largest control region for Rel-13 MTC can lead to significant inefficient resource utilization, e.g. small cells. CFI signaling can be beneficial to maximize resource utilization. 
Proposal 3: Two MIB spare bits can be used to indicate CFI value.
Observation 4: Other possible information can be considered to be included in MIB is assistance information for MTC SIB acquisition.
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