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Discussion and Decision
1
Introduction
A WI on further LTE physical layer enhancements for MTC has been approved in Rel-13 [1]. Key detailed objectives include (1) new Rel-13 low complexity UE category/type for MTC operation, (2) relative LTE coverage improvement corresponding to 15 dB for FDD, and (3) power consumption reduction. In this contribution, we discuss broadcast control messages (SIB/RAR/Paging) for the narrowband system.

2
PDSCH Performance
Based on the link budget analysis in [2], the cell edge DL SINR is approximately -4dB. For SIB/Paging/RAR transmission, 1% FER is used as the target error performance. Figure 1 illustrates the link-level performance of the PDSCH for a 1.4MHz FDD system and low cost MTC UE with 1 Rx antenna. Multi-subframe channel estimation is used. Based on these set of results, the PDSCH capacity for common channels (SIB/Paging/RAR) is approximately 2-3 bits per PRB for EPA1 channel. If 10% FER is targeted, then the PDSCH capacity is approximately 10 bits per PRB for EPA1 channel.
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Figure 1. PDSCH performance (FDD).
3
RAR and Paging
Based on the results shown in Figure 1, for RAR message size of 56 bits, it would take at least 3 subframes to transmit this message assuming all 6 RBs are utilized for RAR transmission. In practice, this may not be feasible as some RBs may be needed for the EPDCCH (e.g. for uplink scheduling). A paging record is also of similar size to the RAR record so a similar conclusion may be drawn for paging as well. At the target FER of 1% and SNR of -4dB, TTI bundling would be needed to transmit a very limited number of RAR record/paging record in the MAC/RRC message. If a target of 10% FER is used, then the RAR record/paging record can be transmitted within one subframe. Note that most UEs have much better SNR and therefore will also have significantly lower FER. 
It is possible that the eNB can transmit larger message sizes using PSD boosting, but there may be a limit to how much PSD boosting can be done. In addition, PSD boosting is not very effective for an interference-limited system and may cause severe interference to neighboring cells. For paging, the eNB can send the message multiple times (i.e. multiple pages) and hope the UE will be able to decode at least one of the transmissions. However, this may not be preferable as it will introduce large overhead and very long delay.
4
SIB
From the performance results shown, it is clear that the number of subframes required to transmit broadcast messages can be quite large. SIBs allow for multiple transmissions within the scheduling window, so it is possible for the eNB to send additional SIB transmissions. This can be enabled by using a larger scheduling window. However, this would lead to longer SI acquisition time and increase the PDCCH overhead. Table 1 summarizes the number of transmissions (i.e. subframes) required for SIBs for different sizes. At the 1% FER, large number of subframes is required. At the 10% FER, this number reduces significantly. Note that this 10% FER is only for cell-edge UEs (e.g. 95%-tile). Most UEs have much better SNR and therefore will also have significantly lower FER.
Table 1. Number of transmissions (subframes) – SNR=-4dB.
	Message size 

(bits)
	Number of subframes required 

	
	1% FER
	10% FER

	152 
	10
	3


It may also be possible to keep combining SIBs across several scheduling windows. This assumes that the SIB content has not change, which is likely to be the case. Using this method, the overhead (i.e. number of SIB transmissions per scheduling window) can be kept low at the expense of longer SI acquisition time. Alternatively, UE can keep trying to decode the SIBs from different scheduling windows until it eventually succeed. This method is similar to what is being proposed for coverage enhancement of the PBCH.
It is also beneficial to try to minimize the information content of the SIB as much as possible. For instance, information about features not relevant to MTC can be excluded. Some non-critical information may also be transmitted to the UE later in a dedicated manner when more information about UE channel condition is known.  
5
Conclusion
In this contribution, we discuss broadcast messages (SIB/RAR/Paging) for the narrowband system. It is seen that the number RAR record/paging record in the MAC/RRC message that can be transmitted within one subframe is very limited. In some cases, TTI bundling or repetition may be required. For the SIB, multiple transmissions within the scheduling window will be required to reach cell-edge UEs.
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