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Discussion and Decision
1
Introduction
In RAN1#80bis, it was agreed that –

· Scheduling information for “MTC SIB1” (time, frequency and MCS/TBS) is derived from PCID and/or MIB and/or fixed/predefined in spec

· FFS: Impacts of MBSFN subframes, TDD configuration and PBCH repetition on possible time resources for “MTC SIB1”

· Scheduling information for subsequent “MTC SIs” (time, frequency and MCS/TBS) is derived from “MTC SIB1” and/or fixed/predefined in spec 
· At least in CE, frequency hopping over the system bandwidth can be used for common message for Rel-13 MTC UEs (RAR, paging, MTC SIB(s), FFS on response for message 3)

In this contribution, we discuss the details of SIB transmission for Rel-13 low-complexity UE and/or UE in enhanced coverage.
2
SIB Transmission
For MTC SIB scheduling information, the following fields are needed – time-frequency allocation, resource block assignment, MCS/TBS, and frequency hopping (if supported). Modulation is always fixed to QPSK.
Time Assignment
In RAN2#89bis, it was agreed that –

· As baseline the UE accumulates SI messages from a single extended SI window (legacy behavior).        Can evaluate whether acquisition of SI messages across multiple SI window (interleaved) and interleaved SI messages decoding is feasible.
Based on SIB performance results presented in [1], it is seen that a large number of repetition would be required to transmit new MTC SIBs for LC-MTC UE. For example, up to 480 transmissions would be required to achieve 1% BLER for SIB size of 328 bits and SNR of -14.2 dB (corresponding to MCL of 155.7 dB). This could be made smaller with frequency hopping and by using multi-subframe channel estimation. Another method is to introduce time diversity by spreading out SIB transmissions across time. Figure 1 illustrates two potential options for transmission MTC SIBs – (a) continuous, (b) discontinuous.
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Figure 1. MTC SIB transmission options.

In option (a), the SIB is repeated continuously which can reduce the SIB acquisition time (i.e. the extended SI window size can be shorter). In option (b), SIB is repeated discontinuously, allowing for additional time diversity. In both cases, frequency hopping can be used to reduce the number of repetitions. SIB performance is shown in Table 1 where it can be seen that time diversity provides substantial gain in addition to frequency hopping. As a result, it is proposed that MTC SIBs are transmitted discontinuously.
Table 1. Approximate number of transmissions (subframes) required – 6 PRBs, 1Rx antenna, SNR = -14.3dB, EPA 1Hz, 100Hz frequency error, frequency hopping. 
	SIB size

(bits)
	Continuous 
	Discontinuous
(3Tx in 10 ms)
	Discontinuous
(1 Tx every 20 ms)

	328
	380
	280
	240

	504
	440
	420
	380

	1000
	840
	680
	560


A simple predefined periodicity could enable the UE to determine the occurrence of the other SI messages, therefore could simplify the reception of SI message. Because the UE is able to understand exactly at which subframe the SI message is transmitted over PDSCH, the implementation complexity for combining the various repetitions of each SI-messages could be lower as a consequence. For MTC SIB1, the period can be defined in the specification similar to SIB1 transmission. For other MTC SIBs, the periods can be provided in MTC SIB1 as part of the scheduling information for other MTC SIBs.
Proposal 1: MTC SIBs are transmitted discontinuously with the time assignment fixed for MTC SIB1 and given in MTC SIB1 for other MTC SIBs.
Resource Block Assignment
In regard to the number of PRBs used for MTC SIBs, the simple approach would be to always use 6 PRBs. This would eliminate the need to signal the number of assigned PRBs. Even for LC-MTC UEs that are not in enhanced coverage, results from [2] show that up to 16 repetitions would be required to reach 1% BLER at SNR of -4dB and MTC SIB size of 152 bits. Therefore, it at least 6 PRBs will always be used for MTC SIB. Fixing the number of assigned PRB to 6 will also provide the maximum possible coding gain and minimize the MTC SIB acquisition time by the UE. Therefore, it is proposed that MTC SIBs are always transmitted using 6 PRBs.
Proposal 2: The number of resource blocks used for MTC SIB transmission is fixed to 6 PRBs.
Since the number of resource blocks for each MTC SIB transmission is fixed to 6 PRBs, only the starting PRB location need to be determined. One option is to fix the SI message transmission to a specific narrowband region, e.g. the middle 6PRBs or indicated by MTC SIB1 for simplicity. This eases the UE implementation and requires minimum scheduling information to be carried in MTC SIB1, i.e. no any frequency allocation information or only few bits are needed to indicate the fixed frequency domain. 
Proposal 3: The starting PRB for MTC SIB1 is known. The starting PRBs for other MTC SIBs are given in MTC SIB1.
Table 2. MTC SIB scheduling information.
	Scheduling Info
	MTC SIB1
	Other MTC SIBs

	Time assignment
	Fixed in specification
	Provided in MTC SIB1

	Starting PRB assignment
	
	

	Number of PRBs
	6 (fixed)

	TBS
	Provided in MIB
	Provided in MTC SIB1

	Frequency Hopping Flag
	
	

	Frequency Hopping Pattern
	Fixed in specification
	Provided in MTC SIB1


The system may configure some downlink subframes for MBSFN operation. MBSFN subframes may potentially differ from non-MBSFN subframes with respect to the length of the cyclic prefix and they also have a different pattern of reference symbols. Furthermore, the number of symbols in the legacy PDCCH is limited to two. This configuration affects the entire system bandwidth including the PRBs configured for transmission to MTC UEs. Therefore, to be able to correctly decode the data transmitted in the subframe, the receiver needs to know that the subframe has been configured as an MBSFN subframe. Legacy UEs obtain the MBSFN subframe configuration from SIB2. Likewise, the LC-MTC UE will not have the information on the MBSFN subframe configuration until it decodes the MTC SIB containing this information. Thus, it is appropriate to restrict transmission of at least MTC SIB1 and the control channel scheduling MTC SIB1 transmission to non-MBSFN subframes. Depending on which MTC SIB will include the required information, this restriction may also need to be imposed on other MTC SIBs. Subframes 0, 4, 5, and 9 in the case of FDD and subframes 0, 1, 2, 5, and 6 in the case of TDD cannot be configured as MBSFN subframes. If repetitions of the MTC SIB1 are transmitted discontinuously (e.g., one transmission every 20 ms), it is easier to avoid these subframes.
Proposal 4: Restrict transmission of at least MTC SIB1 to non-MBSFN subframes.
3
Conclusion
In this contribution, we consider SIB transmission and scheduling and make the following proposals –

Proposal 1: MTC SIBs are transmitted discontinuously with the time assignment fixed for MTC SIB1 and given in MTC SIB1 for other MTC SIBs.
Proposal 2: The number of resource blocks used for MTC SIB transmission is fixed to 6 PRBs.
Proposal 3: The starting PRB for MTC SIB1 is known. The starting PRBs for other MTC SIBs are given in MTC SIB1.
Proposal 4: Restrict transmission of at least MTC SIB1 to non-MBSFN subframes.
4
Reference
[1] R1-150261, “SIB Performance in Coverage Enhancement,” Nokia Networks, Nokia Corporation, RAN1#80, Athens, Greece.
[2] R1-145377, “Summary of SIB Performance Results,” Nokia Networks, Nokia Corporation, RAN1#79, San Francisco, USA.
[3] R2-150131, “SIB Scheduling for MTC,” Nokia Networks, Nokia Corporation, RAN2#89, Athens, Greece.
[4] R2-150132, “Paging and RAR Transmissions for MTC,” Nokia Networks, Nokia Corporation, RAN2#89, Athens, Greece.
