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1. Introduction

In RAN1#74bis, coverage enhancement of the PBCH (i.e. MIB) was considered. In this contribution, we consider coverage enhancement for the SIBs.
2. System Acquisition and Coverage Enhancement
In order to acquire system information necessary for access, the UE must be able to receive at least the following information –

· MIB (PBCH, transmitted every 10ms)
· SIB1 (PDCCH + PDSCH, scheduled very 80ms)
· SIB2 (PDCCH + PDSCH, determined by SchedulingInfoList in SIB1)
· SIB14 (PDCCH + PDSCH, determined by SchedulingInfoList in SIB1) – needed for RAN overload control feature
Other SIBs may also be necessary depending on the capability of the UE. Since the system information blocks must reach the edge of the cell, the maximum number of coverage improvement is required.  From [3]-[5], the following approximate amount of redundancy is required for 15dB coverage improvement (equivalent to downlink SINR of -14.3 dB) assuming 1 receiver chain at the UE –
· PBCH – 96 transmissions (3dB pilot boosting) or 120 transmissions (no pilot boosting)
· PDCCH (8 CCEs) – 80 transmissions (3dB pilot boosting) or 100 transmissions (no pilot boosting)
· PDSCH (6 RBs) – 80 transmissions (3dB pilot boosting) or 120 transmissions (no pilot boosting)

Furthermore, to limit the amount of buffering at the UE, it is likely that the PDCCH can only start at certain subframes and the PDSCH transmission will likely need to be delayed until the PDCCH repetition is completed. Thus, it can be seen that SIB coverage enhancement will require a lot of resources and introduce additional latency.
3. SIB Coverage Enhancement 
For the SIBs, SIB1 is transmitted on the PDSCH at a regular interval but still requires scheduling by the PDCCH. Other SIBs scheduling intervals are given in the SchedulingInfoList information element contained within SIB1. The scheduling period of the other SIBs can be 8, 16, 32, 64, 128, 256, and 512 radio frames. 
The default mode for coverage improvement of the SIBs should be repetition and/or PSD boosting of SIB 1/2/14. In this case, the PDCCH and PDSCH used for SIB transmission will be repeated to provide cell edge improvement. If additional power is available, PSD boosting can be used as well. Intermittent repetition can again be used to reduce the amount of overhead. Figure 1 shows that either 80 repetitions (3dB pilot boosting) or 120 repetitions (no pilot boosting) are required for 15dB improvement with 1Rx antenna. This assumes that the size of the SIBs is 152 bits or less. For larger SIB of up to 208 bits, then 110 repetitions (3dB pilot boosting) or 160 repetitions (no pilot boosting) are required. Note that although the scheduling period of SIB1 is 80ms, the content is semi-static and can be combined across multiple scheduling periods.
Observation: Repetition and PSD boosting can be used to satisfy coverage enhancement for SIBs. Intermittent repetition may be considered to reduce overhead.
Based on the above analysis, it can be seen that coverage enhancement of existing SIBs is possible. To reduce overhead, intermittent repetition with configurable period can be used. However, it may be beneficial to consider a new SIB to support coverage enhancement mode. In this case, a UE requiring coverage enhancement will read only the new SIB subsequent to reading the MIB.  This approach has the following advantages –

· Reduced overhead – Having a new SIB will reduce overhead since information content may be removed if not appropriate for coverage-limited MTC UEs (e.g. SchedulingInfoList, si-WindowLength, multiBandInfoList, PRACH configuration for normal access, etc.). Otherwise all information in SIB1/2/14 will need to be repeated even if they are not needed. Since SIBs are scheduled, there is also a reduction in PDCCH overhead if only one SIB is used. Alternately, a fixed location and time may be considered for the new SIB as well to remove the need for the PDCCH.
· Reduced latency – Having to read only one SIB can significantly reduce system access latency and therefore also reduce UE power consumption. This can be beneficial, for example, in case the UE is required to send an exception report within a limited time (say a few seconds).  Also, in case of extended access barring, it can let users know quickly when not to access the system.
· Specification and implementation impacts – Confining system information for coverage enhancement mode to one SIB may also reduce specification and implementation impacts. Any changes required for coverage-limited access (e.g. new PRACH format and configuration) can be contained within the new SIB (i.e. no need to change SIB1, SIB2, etc). In addition, future enhancements or modifications can also be easily supported.
Based on the above points, defining a new SIB for coverage enhancement mode seems to provide considerable benefits and therefore should be considered further. Note that for MTC UEs not in coverage-limited situation, it is not needed for a new SIB to be defined. Those MTC UEs are expected to undergo regular access procedure common to all UEs.
Observation: Study whether a new SIB containing all necessary system information is beneficial for coverage-limited access.

4. Conclusions

In this contribution, we consider coverage enhancement for both MIB and SIBs together. The following observations were made –

· Repetition and PSD boosting can be used to satisfy coverage enhancement for SIBs. Intermittent repetition may be considered to reduce overhead.
· Study whether a new SIB containing all necessary system information is beneficial for coverage-limited access.
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Figure 1.  PDSCH performance with repetition (FDD) – 152 bits.
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Figure 2.  PDSCH performance with repetition (FDD) – 208 bits.

