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1 Introduction

In RAN1#79, the following agreements were made with respect to RA preamble transmissions from Rel-13 low cost UEs. 

· RAN1 confirms that following PRACH related agreements in Rel-12 LC-MTC are applied for Rel-13 low-complexity UE
· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported

· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network

· Multiple PRACH repetition levels are supported

· Repeating the existing preamble formats for PRACH enhancement 

· In addition, define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.

· Within new region, at least CDM is allowed.

· Specified maximum numbers of levels: Working assumption of 3 (this does not include “zero coverage extension”). More evidence needed if we were to extend this. 

· eNB-configurable number of levels (1, 2, 3) up to specified max level.

· 1 attempt = configured number of repetitions.

· Rel-13 low complexity UE can be identified by PRACH
· FFS for detailed indication method, e.g., Preamble and/or resource allocation
This contribution reviews the open issues in the above agreements together with other issues related to a RA preamble transmission from a Rel-13 low cost UE.

2 RA Preamble Transmission 
RA Preamble Multiplexing

A RAR for a low cost UE should be transmitted separately from a RAR to a normal UE not only to avoid restricting RAR transmissions to normal UEs within 6 PRBs but also because RAR transmissions to Rel-13 low cost UEs can require repetitions. Therefore, as agreed in RAN1#79, separate RA preamble resources need to be configured to Rel-13 low cost UEs and to normal UEs for RA preamble transmissions in order to enable the eNB to determine how to transmit the RAR. As Rel-13 low cost UEs will decode a different SIB than normal UEs, it is basically up to the network whether the resource differentiation is with respect to the RA preamble and/or with respect to time/frequency resources (even the differentiation of Rel-12 and Rel-13 low cost UEs, through respective RA preamble transmissions, is up to the network implementation).  
Different resource sets (RA preambles and/or time/frequency resources) can also be associated with different coverage enhancement (CE) levels. The rationale includes the above, since different numbers of repetitions for RAR transmission will be required for UEs experiencing different path-loss ranges, but is also due to the need to avoid near-far effects for RA preamble transmissions from UEs with significantly different path-losses. There is no need to differentiate normal UEs operating with CE and Rel-13 low cost UEs. This is because a different Rx antenna capability only affects the SINR where a UE becomes coverage limited while, if frequency hopping is used for transmissions/receptions, there is little difference between a UE being capable to receive over the whole bandwidth and a UE being capable to receive only within 6 PRBs. Therefore, coverage limited normal UEs and Rel-13 low cost UEs can receive the same SIB that can provide resources for RA preamble transmissions according to supported repetition/CE levels and the resources can be common to both UE types. For 3 CE levels (in addition to no CE), the SIB for Rel-13 low cost UEs (and normal UEs operating with CE) needs to provide 4 sets of RA preamble resources. 
Observation 1: Rel-13 low cost UEs and normal UEs operating with coverage enhancements can share the same RA preamble resources. 

Observation 2: It is not necessary to specify whether the sets of RA preamble resources indicate different RA preamble sequences, different RBs, or different subframes. 

Proposal 1: The SIB for Rel-13 low cost UEs provides 4 sets of RA preamble resources (sequences, RBs, subframes) corresponding to respective numbers of RA preamble repetitions (including no repetitions). 

Determination of RA Preamble Repetitions
It has been proposed for a UE to base the determination for the initial number of RA preamble repetitions on the RSRP (path-loss) measurement. Due to the large measurement errors at low SINRs [1], this can lead to a UE using a larger number of repetitions than necessary which further leads to the following two disadvantages:

a) A larger number of RAR/Msg3/Msg4 repetitions (assumed to be linked to the resources used to transmit the RA preamble and expected by the UE) and subsequent transmissions prior to reconfiguration of the CE level.
b) Near-far effects to RA preamble transmissions from UEs actually needing to operate with the larger CE level leading to failed detections at the eNB of these RA preambles.

Therefore, determining the initial RA preamble repetition level based on RSRP measurements is inappropriate. Also, prior to RA preamble transmission, a UE may have available measurements only for the center 6 RBs (this may also depend on the SIB transmission method) which may not accurately reflect the wideband channel conditions. 
Another approach is to start from the first (lowest) CE level as indicated by the SIB (it is assumed that if a UE does not detect a RAR, it continues with RA preamble transmission at the next CE level, if any, after a number of configured attempts at a current CE level). This is a safe and simple approach. While a UE requiring a CE/repetition level larger than the initial one will have to transmit RA preambles and attempt to detect RAR for all smaller configured CE levels, this is not a serious issue as the smaller CE levels are also associated with fewer preamble/RAR repetitions (this issue also exists with the RSRP-based approach due to measurement errors). Therefore, access time is not materially impacted and neither is UE power consumption (especially considering that this is only for initial access).
Another approach is to rely on some other measurements, such as the number of repetitions the UE required to detect the SIB (or the SCH, or the PBCH). This is expected to be a much more accurate measurement than the RSRP, but requires information in the SIB linking required number of SIB repetitions for detection with RA preamble repetitions. However, it may minimize access time and UE power consumption (subject to evaluations confirming the accuracy of such measurements).
Moreover, considering the RSRP (path-loss) measurement errors, it is pointless to further complicate UE implementation by having to determine a power ramping when the RA preamble is already transmitted with repetitions – it suffices to always transmit the RA preamble using the maximum power. Also, if the CE levels are determined so that they do not accommodate UEs with significant path-loss differences, e.g. if equal steps of 5 dB are used to determine the 3 CE levels, near-far problems are not expected.   

The number of RAR/Msg3/Msg4 repetitions can be determined from the number of RA preamble repetitions. There is no need to modify the RAR message to indicate the number of Msg3/Msg4 repetitions as this may provide a minor benefit, if any, only for initial access.

Proposal 2: The initial number of repetitions for RA preamble transmission is the lowest configured one (working assumption). If CE level determination based on needed number of repetitions for SIB (or SCH/PBCH) detection is shown to be accurate, linking it to the initial number of repetitions for RA preamble transmission can be considered.
Proposal 3: The number of repetitions for RAR/Msg3/Msg4 is determined from the number of RA preamble repetitions. 

Reducing Number of RA Preamble Repetitions
Frequency hopping should be supported for all UL transmissions, including RA preamble and Msg3, as it can provide substantial gains in the range of 2.0-4.0 dB (EPA, 1Hz) depending on the operating BLER [2, 3]. This in turn reduces the number of required repetitions by more than a factor of 2 (e.g. from 40 to 20 [4]), thereby having a significant benefit on power consumption particularly for UEs with 20 dBm PA. It is noted that this is not only for initial access, but also for subsequent access after, for example, an extended DRX cycle.

Relaxed RA preamble false alarm probability can be left to network implementation through the configuration of the number of RA preamble repetitions for each supported CE level. 

Proposal 4: Frequency hopping is supported for repetitions of a RA preamble (and Msg3) transmission. Support of a relaxed RA preamble false alarm probability is a network implementation choice.

3 Conclusions

This contribution considered aspects for the RA preamble transmission from Rel-13 low cost UEs. In particular, the following are proposed.
Proposal 1: The SIB for Rel-13 low cost UEs provides 4 sets of RA preamble resources (sequences, RBs, subframes) corresponding to respective numbers of RA preamble repetitions (including no repetitions). 
Proposal 2: The initial number of repetitions for RA preamble transmission is the lowest configured one (working assumption). If CE level determination based on needed number of repetitions for SIB (or SCH/PBCH) detection is shown to be accurate, linking it to the initial number of repetitions for RA preamble transmission can be considered.

Proposal 3: The number of repetitions for RAR/Msg3/Msg4 is determined from the number of RA preamble repetitions. 
Proposal 4: Frequency hopping is supported for repetitions of a RA preamble (and Msg3) transmission. Support of a relaxed RA preamble false alarm probability is a network implementation choice.

Additionally, the following observations are made.
Observation 1: Rel-13 low cost UEs and normal UEs operating with coverage enhancements can share the same RA preamble resources. 

Observation 2: It is not necessary to specify whether the sets of RA preamble resources indicate different RA preamble sequences, different RBs, or different subframes. 
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