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1 Introduction

The main challenge for the support of Rel-13 low cost UEs is to support sufficient reliability for data/control channels while avoiding excessive repetitions that can lead to large power consumption and avoiding materially increasing the associated specification/implementation complexity.

Operation in 1.4 MHz for Rel-13 low cost UEs is significantly more challenging than for Cat.1 UEs as the absence of Rx antenna diversity and the increased likelihood for operation in frequency flat channels result to substantial degradations in reception reliability even for relative large BLER targets.

For UE-specific messages, coverage enhancements can be provided by reducing the message size so that, for example, the maximum DL/UL data rate is 20 Kbps or less. Additional techniques such as frequency hopping and inter-subframe DMRS interpolation [1, 2] can be used to improve reception reliability [3]. Although the same techniques can also apply for the transmission of UE-common control messages, such as SIB and RAR, a large message size can be expected to require a very large number of repetitions to achieve the desired reception reliability particularly for BLERs in the range of 1%. For example, a SIB that consists of 1000 bits corresponds to a data rate of 1 Mbps which is 50 times larger than the data rate of 20 Kbps that can be an upper bound for the data rates of UE-specific information for coverage limited UEs. 

This contribution evaluates the performance (BLER) of UE-common control information. Some of the necessary simulation assumptions are captured in [4].
2 SIB
Figure 1 provides SIB BLER for 1000 bits TBS and for 328 bits TBS. The loss of Rx antenna diversity together with the relatively flat EPA channel result to significantly large SINR requirements for 1% BLER even for TBS of 328 bits. Using the SINR of -4 dB as the reference point for BLER of 10%, about 8 repetitions (combined with CRS inter-subframe interpolation and FH) are required for 328 bits TBS (about 32 repetitions are required for BLER of 1%). The SINR gap for 1% BLER between 328 bits TBS and 1000 bits TBS is ~7 dB and this roughly implies 5x more repetitions to achieve respective BLER targets for 1000 bits TBS. 

Considering that for coverage enhancements the number of repetitions needs to further increase by about a factor of 16 [3], it becomes apparent that 1000 bits TBS for the SIB is too large and that the TBS of the SIB needs to be drastically reduced. Further considering that the code rate needs to be kept small (e.g. a 1000 bits TBS is ~3x a 328 bits TBS but requires ~5x more repetitions), if the SIB TBS cannot be substantially reduced, a legacy design of more than one SIBs with smaller TBS is also preferable for Rel-13 low cost UEs.

Observation 1: The SIB size needs to be reduced to substantially less than 1000 bits for Rel-12 low cost UEs. If this is not possible, based on RAN2 feedback, multiple SIBs with sizes of a few hundred bits are preferable to a single SIB. 
Proposal 1: Consider individual SIB message sizes in the order of ~300-400 bits.   
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Figure 1: SIB BLER for 1000 TBS and for 328 bits TBS

3 RAR

An individual RAR message includes the 8-bit sub-header and the 48-bit RAR payload for a total of 56 bits. The 48-bit RAR payload can be reduced as is subsequently discussed. The 48-bit RAR payload includes [36.213]:

· 1-bit hopping flag: may not be needed as Msg3 repetitions can be transmitted by default using frequency hopping.

· 10-bit RB assignment field: may have much smaller size as transmission can be in 1 RB in a predetermined block of 6 RBs (for the first repetition) - enumeration using 3 bits can suffice.

· 4-bit MCS field: may be reduced or completely eliminated (MCS0 can be default for coverage limited operation). 

· 3-bit TPC command: may be eliminated for coverage limited UEs (maximum transmission power for Msg3).

· 1-bit CQI request field: may either be eliminated as coverage limited UEs may not also include CQI in respective Msg3 transmissions.

· 1-bit delay flag controlling the first UL subframe used for Msg3 transmission: may be eliminated and a fixed UL subframe for Msg3 transmission can be associated with a RAR reception.

· 16-bit TC-RNTI: may be reduced to less than 16 bits or eliminated if Msg3 is not dynamically scheduled for coverage limited UEs. 

· 11-bit TA: may be reduced if coverage limited operation is not supported for the largest cell sizes (e.g. 100 Km); however, it may not be a source of significant savings.
· 1-bit reserved: may be eliminated.
With the above simplifications, the RAR payload for an individual RAR message can be significantly reduced. For simulation purposes, a compact RAR message size is assumed to be 38 bits (18 bits reduction from 56 bits).  
Figure 2 provides RAR BLER for 1 message and 4 messages, for the legacy message size and for a compact message size, with and without repetitions. For example, for 4 individual RAR messages in a RAR transmission, using a compact message size can reduce the number of repetitions required to achieve 1% BLER from 32 to 16. Considering that additional repetitions will be required for coverage enhancements, the spectral efficiency and power consumption benefits from a compact RAR message size will further increase for coverage limited UEs.   
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Figure 2: RAR BLER for legacy (56 bits) and compact (38 bits) message sizes.
Proposal 2: Consider compact RAR message sizes particularly for coverage limited UEs. 

4 Conclusions

This contribution considered the performance of SIB and RAR messages for Rel-13 low cost UEs in conjunction with coverage limited operation. In particular, the following are proposed.
Proposal 1: Consider individual SIB message sizes in the order of ~300-400 bits.   

Proposal 2: Consider compact RAR message sizes particularly for coverage limited UEs. 
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