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1 Introduction

SIB performance was discussed in RAN1#79 [1], primarily for Rel-13 low cost UEs in “normal” coverage but some results were also considered for UEs in “extended” coverage. Based on the simulation results, it was concluded that repetitions are necessary to provide 1% BLER at -4 dB SINR (EPA, 1 Hz channel) with the number of required repetitions ranging from 16 to 32 depending on particular simulation assumptions (e.g. number of PDCCH symbols, inter-subframe CRS interpolation, etc) even for the smaller SIB sizes of 328 bits. Some contributions also considered enhancements, such as frequency hopping, for the repetitions of a SIB transmission. 

This contribution further considers the following:

a) Benefit from inter-subframe CRS interpolation

b) Benefit from frequency hopping between a number of repetitions

c) Performance for Rel-13 UEs in “extended” coverage

d) Whether it is preferable to transmit multiple smaller SIBs than a single large SIB. 

2 Performance Aspects for SIB Transmission 
In the following, SIB BLER is evaluated for the EPA 1 Hz channel and a DL BW of 10 MHz, assuming 3 PDCCH symbols per subframe and a 2Tx-1Rx configuration.  

Figure 1 presents the baseline SIB BLERs for SIB sizes of 328 bits, 504 bits, and 1000 bits. There is a gap of ~4 dB between the BLER for 504 bits and 1000 bits where the additional ~1 dB requirement for 1000 bits payload can be attributed to the lack of diversity due to the increased code rate (~3 dB can be attributed to the 2x payload size). Moreover, as expected, repetitions are necessary for all SIB sizes.
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Figure 1: SIB BLER as a Function of Payload Size – No Repetitions

Figure 2 presents the SIB BLERs for 32 repetitions without FH and without inter-subframe CRS interpolation and with FH and CRS inter-subframe interpolation. The FH pattern was every four subframes in order to allow inter-subframe CRS interpolation over four subframes. There were 4 hops within 24 RBs with maximum separation in the DL BW of 50 RBs. The gap between a SIB size of 1000 bits and a SIB size of 504 bits is reduced to ~2.5 dB as some additional gains from turbo coding of a larger TBS and some time diversity gains that are more beneficial to transmissions with high code rate become noticeable (it is noted that a 1% BLER at -4 dB SINR is not achieved for 1000 bits TBS in case of no FH and no CRS inter-subframe interpolation). The combined gains from CRS inter-subframe interpolation and FH are in the order of 5-6 dB at 1% BLER due to the steeper slope of the BLER curve and the additional gains from inter-subframe CRS interpolation. Nevertheless, the gains are not sufficient for a SIB coverage enhancement in the range of ~11 dB (i.e. for an operating SINR ~ -15 dB).
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Figure 2: SIB BLER as a Function of Payload Size – 32 Repetitions

Figure 3 presents the SIB BLERs for 96 repetitions without FH and without inter-subframe CRS interpolation and with FH and CRS inter-subframe interpolation. The FH pattern was every four subframes in order to allow inter-subframe CRS interpolation over four subframes and there were 8 hops over 48 RBs in the BW of 50 RBs. CRS inter-subframe interpolation is critical for achieving BLER gains from repetitions as, without improving channel estimation, the gains at low SINRs are capped by the channel estimate. CRS power boosting is expected to further improve BLER. Gains in the range of ~6 dB are observed at 1% BLER from the combination of a ~6 dB gain in channel estimation (interpolation over 4 subframes) and introduction of frequency diversity. It is noted that smaller gains will exist for a TDD system as CRC inter-subframe filtering may not include as many subframes and may not include all symbols in a subframe as for a FDD system (e.g. only subframes 0, 1, 5, and 6 may be used and for subframe 1 and 6 only the first 1-2 symbols may be used).
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Figure 3: SIB BLER as a Function of Payload Size – 96 Repetitions

More than 100 repetitions are needed to achieve 10% BLER for a SIB size of 1000 bits at -15 dB while 100 repetitions suffice for a SIB size of 504 bits assuming inter-subframe CRS interpolation and FH. Even though the BLER gap between a SIB size of 1000 bits and a SIB size of 504 bits is ~2.5 dB, this gain is not achievable at very low SINRs by a 2x repetition. However, for practical purposes, the gap is smaller than 2.5 dB as a UE needs to correctly receive both transmissions for a SIB size of 504 bit. For example, for a 2% BLER for a SIB size of 1000 bits, the equivalent BLER for a SIB size of 504 bits should be ~1% if a Rel-13 low cost UE is to receive a SIB of 1000 bits. Then, the BLER gap decreases to about 1.5 dB which is roughly achievable by a 2x repetition even at SINRs below 10 dB (assuming improved channel estimation). 
Based on the above analysis and results, the following observations are made leading to two proposals. 

Observation 1: CRS inter-subframe interpolation and frequency hopping can provide very significant reductions in the number of required SIB repetitions for a Rel-13 low cost UE.
Observation 2: The SIB size for Rel-13 low cost UEs should be reduce to an absolute minimum as hundreds of repetitions are required to achieve 1% BLER at -15 dB. 

Observation 3: Comparing full SIB transmissions to segmented SIB transmissions, considering that a UE needs to correctly receive each segment, it is preferable to transmit a full SIB (provided that a total size is in the range of 1000 bits or less).   
Proposal 1: SIB repetitions support FH and inter-subframe CRS interpolation.

Proposal 2: SIB is transmitted without segmentation. 

3 Conclusions

This contribution considered aspects for the transmission of RAR and paging messages to Rel-13 low cost UEs. In particular, the following are observed.
Observation 1: CRS inter-subframe interpolation and frequency hopping can provide very significant reductions in the number of required SIB repetitions for a Rel-13 low cost UE.

Observation 2: The SIB size for Rel-13 low cost UEs should be reduce to an absolute minimum as hundreds of repetitions are required to achieve 1% BLER at -15 dB. 

Observation 3: Comparing full SIB transmissions to segmented SIB transmissions, considering that a UE needs to correctly receive each segment, it is preferable to transmit a full SIB (provided that a total size is in the range of 1000 bits or less).   

Based on the above observations, the following is proposed.

Proposal 1: SIB repetitions support FH and inter-subframe CRS interpolation.

Proposal 2: SIB is transmitted without segmentation. 
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