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1. Introduction

At the RAN1#79 meeting, the following agreements regarding system information block (SIB) were made.

Agreements:
· RAN1 recommends that RAN2 consider introducing new SIB(s) for Rel-13 low complexity UEs in normal and enhanced coverage

· A Rel-13 low complexity UE will not be able to

· Receive SI-messages in more than 6 contiguous PRBs 

· Receive PDCCH which schedules transmissions of legacy SIBs
· FFS: Whether UE can receive PDCCH which schedules transmissions of legacy SIBs in 1.4 MHz system BW case
· Maximum TBS, SIB size(s) and time-domain aspects including e.g. SI-windows and SIB update rate(s) can be decided jointly with RAN2

· This does not preclude the possibility of using a subset of the new SIB(s) for normal coverage or enhanced coverage 

· FFS whether UEs of other category in enhanced coverage can use this SIB(s)
· RAN1 recommends RAN2 to consider limiting support of mobility for Rel-13 low complexity UEs to reduce SIB size at least in enhanced coverage

The numbers of repetitions and bits for SIB were also discussed based on the evaluation results and there are findings that repetitions are required to transmit SIB messages even for normal coverage low complexity (LC)-MTC UEs [1]. For the LC-MTC UEs in the coverage enhancement (CE) mode, much larger number of repetitions is necessary. Due to such a large discrepancy in the required number of repetitions depending on usage cases, support for different level of repetitions for SIB transmissions is highly desired. Thus, how to send the new SIBs with repetitions and how to acquire those SIBs for the LC-MTC UEs need to be further discussed. In this contribution, we present our views on design for the new MTC-SIB transmissions with repetitions considering LC-MTC UEs in both normal coverage and CE modes.
2. SIB Design for Rel-13 Low Complexity MTC 
High level system design for the reduced UE BW in the downlink is first described. Synchronization signal, i.e., PSS/SSS, and system information, i.e., PBCH, are transmitted and received over the central six PRBs of the system BWs. Regarding the PBCH transmission, it was agreed that repetition is to be specified to improve the coverage and minimize a loss due to a single receiver antenna [2]. Then, new MTC-SIBs are scheduled possibly using a newly-defined common search space (C-SS) on the E-PDCCH over the central six PRBs of the system BWs. As observed in [1], repetition also needs to be applied to SIB transmissions even for the LC-MTC UEs in the normal coverage mode. Therefore, for the new MTC-SIB transmissions, the number of repetitions and handling of both normal coverage and CE modes should be further discussed. The numbers of repetitions of the SIB for achieving required SINR = 4 dB and 14.3 dB at BLER = 0.1 are summarized in Table I. The evaluation assumptions are based on [3] and also provided in Table II. Other assumptions are described below.

· Practical channel estimation is assumed.

· Cross-subframe channel estimation is applied using the maximum five subframes that provide the lowest BLER.

· Any compensation for the residual frequency offset is not assumed.

· Any other techniques for the enhancement such as frequency hopping are not assumed.

The related evaluation results for the PDSCH are also shown in our companion document [4]. We confirm, from Table I, that repetition is needed for the normal coverage mode and smaller SIB size, and it can be less than ten. However, for the CE mode, more than hundreds of repetitions are required. We could easily anticipate that no performance gain is achieved by dividing a SIB into multiple smaller SIB sizes for a given SIB size. 
Observation 1: Depending on the SIB size and coverage target, a wide range of repetition numbers needs to be supported. 
Observation 2: For a given SIB size, there is no performance benefit from dividing a SIB into multiple smaller SIB sizes.
Table I – Number of repetitions for different MTC-SIB sizes targeting BLER = 0.1.
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Table II – Simulation Conditions.
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From the above observations, the number of repetitions would be determined by some factors such as deployment scenarios for the LC-MTC UEs, required coverage for the UE, or the contents of SIB messages. For example, larger number of repetitions wouldn’t be required for the cells where coverage is not an issue, i.e., normal coverage mode, while large number of repetitions would be required for LC-MTC UEs in CE mode that suffer great loss, i.e., penetration loss. Therefore, the number of repetitions supported for LC-MTC should be carefully investigated also considering the techniques to reduce the number of repetitions. If transmission occasion for the SIB messages is fixed, support for only a single number of repetitions would be a simpler approach. However, it is difficult to find a single number of repetitions. If the number of repetitions for the new SIBs is targeted for the normal coverage UEs, it would take longer for the UEs in CE mode to detect and acquire the SIB messages correctly. On the other hand, if the new SIBs are repeatedly transmitted considering the LC-MTC UEs that require the maximum CE level, spectrum efficiency would be significantly degraded from system perspective. Therefore, it is highly desired that different levels of repetitions for the SIB transmissions can be set for different cells in order to improve the spectrum efficiency while enhancing coverage. 
Proposal 1: Support multiple levels of repetitions for MTC-SIB transmission.
When multiple levels of repetitions are supported, a UE behaviour to obtain the system information needs to be clearly defined. The straightforward solution is to define the maximum number of repetitions that UE attempts to decode. The LC-MTC UEs simply stop decoding once it can successfully decode MTC-SIB messages. Or, the LC-MTC UE continues decoding the MTC-SIB assuming the maximum number of repetitions unless it can detect MTC-SIB correctly. However, when the actual number of repetitions for MTC-SIB transmissions is smaller than the maximum number of repetitions that LC-MTC UE assumes, the UE continues decoding the SIB message even if no MTC-SIB message is transmitted. This may lead to large battery consumption and large delay to acquire the system information for LC-MTC UEs, and performance degradation due to error propagation when applying soft combing. Hence it would be beneficial for the UE to know these numbers of repetitions for the SIBs.
Proposal 2: Consider mechanism to indicate the number of repetitions for MTC-SIBs to the LC-MTC UEs.

3. Handling of Multiple Levels of Repetitions 

In this section, the potential methods to indicate the actual number of repetitions for the MTC-SIBs are discussed. Here, we consider the MTC-SIB1 to convey the most critical system information for the LC-MTC UEs similar to LTE SIB1. The other system information is sent using MTC-SIB2, 3, …, and X.
Case 1: C-SS on the EPDCCH is not available

· MTC-SIB1 is transmitted using central 6 PRBs with a predefined periodicity.
· Number of repetitions for MTC-SIB1 is fixed by specification.
· For subsequent MTC-SIBs, information such as scheduling information, SI-window length, number of repetitions, MCS, and frequency hopping is included in MTC-SIB1.
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Figure 1 – When C-SS on EPDDCH is not available.
Case 2: C-SS on the EPDCCH is available

· For MTC-SIB1, the following approaches can be considered.
· Option 1: MTC-SIB1 is transmitted using central 6 PRBs with a predefined periodicity. The number of repetitions for MTC-SIB1 is fixed by specification.

· Option 2: C-SS-monitoring subframes for M-SIB1 and the number of repetitions for C-SS-monitoring subframes are pre-defined. Additional information such as number of repetitions, MCS and frequency hopping information for the PDSCH carrying MTC-SIB1 is included in DCI on the C-SS. Accordingly, the number of repetitions for MTC-SIB1 is variable.
· For the subsequent MTC-SIBs, the following can be considered.
· Scheduling information and SI-window size for subsequent MTC-SIBs are included in MTC-SIB1. Information on C-SS-monitoring subframes for M-SIB-X and the number of repetitions for C-SS-monitoring subframes is also included in MTC-SIB1.
· Information such as number of repetitions, MCS and frequency hopping information for the PDSCH carrying MTC-SIB-X is included in DCI on the C-SS.


[image: image4]
Figure 2 – When C-SS on EPDDCH is available.

4. Conclusion
In this contribution, we presented design for the new MTC-SIB transmissions with repetitions assuming LC-MTC UEs in both normal coverage and CE modes. Regarding the number of repetitions for the SIB, we made the following observations based on the evaluation results.

Observation 1: Depending on the SIB size and coverage target, a wide range of repetition numbers needs to be supported. 
Observation 2: For a given SIB size, there is no performance benefit from dividing a SIB into multiple smaller SIB sizes.

When multiple levels of repetitions are supported for MTC-SIB transmission, it would be beneficial for the LC-MTC UE to acquire these numbers of repetitions for the SIBs in order to ensure correct SIB detection, to avoid unnecessary UE power consumption, and to improve the spectrum efficiency. In summary, we propose the followings.
Proposal 1: Support multiple levels of repetitions for MTC-SIB transmission.

Proposal 2: Consider mechanism to indicate the number of repetitions for MTC-SIBs to the LC-MTC UEs.
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Carrier frequency 2GHz
System bandwidth 1.4 MHz

Transmission mode ™2
Antenna configuration 2x1 low correlation
Channel model EPA
Doppler spread 1Hz
Maximum frequency offset 100 Hz
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