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1 Introduction

In RAN1#82 meeting, the following agreements on SIB(s) are provided [1]:
· For SI transmission:
· At least the following are predefined or derived from MIB:
· (a) periodicity of MTC-SIB1 transmission
· (b) repetition number within the periodicity of MTC-SIB1 transmission
In this contribution, further considerations on MTC SIBs are discussed from RAN1 perspective for Rel-13 low complexity UEs in both normal and enhanced coverage.
2 Transmission for MTC SIB1
For TDD, Rel-13 low complexity UEs in normal and enhanced coverage would not know configuration information of special subframes before acquiring MTC SIB1. In order to ensure efficient utilization of special subframes, it would be preferable to restrict MTC SIB1 transmission to the subframes which are never configured as special subframes for TDD, i.e., subframe#1 and subframe#6 could not be used for MTC SIB1 transmission.
Proposal 1: For TDD, subframe#1 and subframe#6 are not used for MTC SIB1 transmission.

The subframes used for MTC SIB1 transmission may be predefined or indicated in MIB. How often MTC SIB1 needs to be transmitted depends on how quickly Rel-13 low complexity UEs in normal and enhanced coverage need to acquire the corresponding system information when entering the cell, i.e., the requirement of system acquirement time has large impact on specific design of MTC SIB1 for Rel-13 low complexity UEs in normal and enhanced coverage. In RAN1#81 meeting, “TBS of MTC SIB1 is based on information in the MIB” is agreed. And in RAN2 #89bis meeting, the following agreements on SIB(s) are provided [2]: “Independent information in MIB to determine if a cell supports Rel-13 low complexity UE category and Rel-13 enhanced coverage (EC) functionality”. Based on the above agreements, several reserved bits in current MIB would be used for MTC operation. Considering that only 10 bits are reserved in current MIB and they may be used for other purpose in the future release, predefined time locations and periodicity for MTC SIB1 transmission are preferable.
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Figure 2.1 Transmission of MTC SIB1 for normal and enhanced coverage
MTC SIB1 would be transmitted with uniform period. For example, as shown in Figure 2.1(a), subframe#0 of even radio frames is always used for MTC SIB1 transmission for normal coverage while subframe#0 and subframe#4 of all radio frames are always used for MTC SIB1 transmission for enhanced coverage as shown in Figure 2.1(b).
Proposal 2: Periodicity of MTC-SIB1 transmission and time location(s) within a transmission period for MTC SIB1 are predefined for Rel-13 low complexity UEs in normal and enhanced coverage.
Total number of narrowbands defined for different E-UTRA channel bandwidths is provided in Table 2.1.
Table 2.1 Narrowband configuration NNB for E-UTRA channel bandwidths

	Channel bandwidth [MHz]
	1.4
	3
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15
	25
	50
	75
	100

	Number of narrowband NNB
	1
	2
	4
	8
	12
	16


In order to avoid the impact of PBCH repetition on SIB1 transmission, narrowband(s) overlapped with central 72 subcarriers in system bandwidth may not be used for MTC SIB1 transmission at least for 10/15/20MHz bandwidth. In this case, PBCH and MTC SIB1 transmission are always frequency-division multiplexing.

If available narrowbands for MTC SIB1 transmission are much enough (e.g., in the case of 10/15/20MHz bandwidth, all the other narrowbands not overlapped with central 72 subcarriers in system bandwidth are configured as available narrowbands for MTC SIB1 transmission), in order to avoid interference, different narrowbands could be used for MTC SIB1 transmission for the neighbor cells. But, if available narrowbands for MTC SIB1 transmission are relatively less (e.g., in the case of 3/5MHz bandwidth, or, though the channel bandwidth is beyond 5MHz, the number of narrowbands configured as available narrowbands for MTC SIB1 transmission is very small), and the number of neighbor cells is much larger than that of narrowbands used for MTC SIB1 transmission, it would be hard to allocate different narrowbands for MTC SIB1 transmission for neighbor cells. In this case, besides different narrowbands, different subframes may be used for MTC SIB1 transmission for neighbor cells to reduce interference. 
For example, as shown in Figure 2.2, assuming that two narrowbands are configured as available narrowbands for MTC SIB1, cell#1 and cell#4 occupy the same narrowband (NB1) but different subframes (subframe#0 and subframe#9) to transmit MTC SIB1, cell#1 and cell#5 occupy the same subframes (subframe#0) but different narrowbands (NB1 and NB2) to transmit MTC SIB1, and cell#1 and cell#6 occupy different narrowbands (NB1 and NB2) and different subframes (subframe#0 and subframe#4) to transmit MTC SIB1. If small coverage enhancement is required for a cell, only one subframe in every two frames may be considered for MTC SIB1 transmission. Otherwise, if large coverage enhancement is required for a cell, two subframes in one radio frame may be used for MTC SIB1 transmission. In this case, in order to obtain the gain from multiple subframe channel estimation, consecutive subframes may be selected, e.g., subframes #{4, 5} or {0, 9}.
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Figure 2.2 Different subframes used to transmit MTC SIB1 for different cells
In RAN1#81 meeting, “The frequency location of MTC SIB-1 is determined based on subframe index (and/or SFN), cell ID and system bandwidth” is agreed as working assumption. In the case that frequency hopping for MTC SIB1 is enabled, if different hopping patterns are used for neighbor cells, in order to avoid interference, different subframes may always be used for MTC SIB1 transmission for neighbor cells.
Proposal 3: Different subframes used for MTC SIB1 transmission for different cells would be supported.

· e.g., subframe location of MTC SIB1 is based on at least PCID. 
3 Transmission for subsequent MTC SIs
In RAN2#89bis meeting, the following agreements on SIBx are provided [2]: “We apply the current SI message concept to EC/LC, i.e., one or more SIBs can be multiplexed into an SI message. As baseline the UE accumulates SI messages from a single extended SI window (legacy behaviour).Can evaluate whether acquisition of SI messages across multiple SI window (interleaved) and interleaved SI messages decoding is feasible.”. In RAN2 #90 meeting, “Acquisition of SI messages across SI windows is used for Rel-13 LC/CE ” was agreed. From above agreements, we can see that concepts of SIB-to-SI mapping and SI transmission window are still valid for MTC SIs. So current SI transmission mechanism in time domain may be reused for subsequent MTC SIs.
But unlike current specification, in RAN1#81 meeting, “Scheduling information for MTC SIBs other than MTC SIB1 are given in MTC SIB1” is agreed. In this case, the design of detailed “fields” and corresponding optimization for scheduling information of subsequent MTC SIs may be considered in the future. Besides, the modification period of MTC SIs may be sufficiently large, and similar to existing method, the signaling indicating change of system parameters may be carried in paging message.
Proposal 4: Current SI transmission mechanism is reused for subsequent MTC SIs.
In RAN2#89bis meeting, “The transmission occasions within a SI Window are provided in SIB1” is agreed. In this case, subsequent SIs could share the same configuration of transmission occasions, or use separate configurations of transmission occasions, respectively. Considering that multiple TBSs may be used for subsequent SIs and allocation flexibility, the use of separate configurations will be preferable, even though additional system control overhead may be caused. Finally, different coverage levels could be implemented by adjusting the configurations of scheduling period and transmission occasions within a SI Window.
In order to configure the transmission occasions, traditional allocation method, e.g., continuous subframe allocation based on tree structure, may be used. But small allocation granularity may be unnecessary for the configuration of transmission occasions. Besides, more control overhead will be caused, and enough time diversity gain could not be acquired. So the above method may not be optimal for subsequent SIs.
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Figure 3.1 Different configurations of transmission occasions used for subsequent SIs
Alternatively, the following allocation method may be considered:

All the available subframes within a SI window are divided into X groups. The fixed subframe internal X is used between the two nearest subframes for any subframe group. Depending on current required coverage level, at least one of the above X groups may be configured as transmission occasions of subsequent SIs. For example, as shown in Figure 3.1, assuming that X equals to 5, the first subframe group is configured as transmission occasions of SI-x, and the first and second subframe groups are configured as transmission occasions of SI-y. Implementation complexity of above method is low and significant time diversity gain could be acquired. Besides, control overhead of this method is lower compared with current subframe-based allocation and this method would not depend on the size of SI window and/or SI type.
Proposal 5: Transmission occasions for subsequent SIs are configured respectively.
· In order to reduce control overhead, compact signaling should be considered.

·  e.g., allocation based on subframe groups
4 Conclusions

In this contribution, further considerations on MTC SIB(s) from RAN1 perspective are discussed for Rel-13 low complexity UEs in both normal and enhanced coverage. We make the following proposals:
Proposal 1: For TDD, subframe#1 and subframe#6 are not used for MTC SIB1 transmission.
Proposal 2: Periodicity of MTC-SIB1 transmission and time location(s) within a transmission period for MTC SIB1 are predefined for Rel-13 low complexity UEs in normal and enhanced coverage.
Proposal 3: Different subframes used for MTC SIB1 transmission for different cells would be supported.

· e.g., subframe location of MTC SIB1 is based on at least PCID. 

Proposal 4: Current SI transmission mechanism is reused for subsequent MTC SIs.

Proposal 5: Transmission occasions for subsequent SIs are configured respectively.

· In order to reduce control overhead, compact signaling should be considered.

·  e.g., allocation based on subframe groups
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