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1 Introduction

In RAN1#80bis, the following agreements were made with respect to RA preamble transmissions from Rel-13 UEs in coverage enhanced (CE) operation. 

Agreements:
· PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode

· Details FFS

· FFS the number of frequency resources for PRACH in a subframe for eMTC 

· Repetition of all preamble formats is supported in coverage enhancement, except PRACH format 4

· For coverage enh. of PRACH:

· The configuration of the number of attempts can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations 

· The configuration of the number of repetitions can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations  

· When UE receives RAR but fails contention resolution

· The UE uses its current repetition level until it reaches the maximum number of attempts for that level

This contribution considers remaining open issues for a RA preamble transmission from a Rel-13 UE operating with CE. Issues related to higher layer signaling (RAN2 areas) are not considered.
2 RA Preamble Transmission 
Power Ramping or Always Using Maximum Power when Transmitting RA Preamble with Repetitions
Whether a UE applies power ramping or always uses the maximum power within each repetition level was discussed in RAN1#80bis without conclusion. 

The agreement to support 3 repetition levels for RA preamble transmissions (in addition to no CE) implies CE levels separated by roughly 6 dB (although the exact levels are FFS and can be up to network implementation). Therefore, for a repetition level corresponding to the actual CE for a UE, if either due to RA preamble collisions, or due to the eNB failing to detect the RA preamble, or due to the UE failing to detect RAR, the UE exhausts the respective number of RA preamble transmission attempts, the UE will continue with RA preamble transmission in resources corresponding to the next CE level. This is equivalent to the UE increasing its transmission power by ~6 dB. If a UE does not adjust its transmission power when moving from one CE level to the next, near-far effects can occur. Even though LTE is robust to near-far, either clipping for stronger signals or quantization noise for weaker signals, depending on AGC implementation, can occur if substantial differences in received powers exist among received signals. 
Power ramping is needed regardless of whether or not the UE transmits the RA preamble with repetitions. For example, if a UE requires normal coverage but fails to detect RAR after a maximum number of RA preamble transmission attempts (with no repetitions) then, if the UE does not adjust its transmission power by the SINR gain corresponding to the first CE level of e.g. 6 dB, its RA preamble can be received at the eNB with a power that is more than 6 dB larger than the power of a RA preamble from a UE requiring 6 dB CE. The same can apply for a UE that does not need to operate with CE but transmits RA preamble with CE due to a path-loss measurement error (up to 6 dB for Cat.1 UEs). If such a UE transmits with maximum power without considering the ~6 dB additional gain due to repetitions, the received power difference relative to a UE that actually requires CE can exceed 10 dB. A 3-4 dB performance loss is observed in [1] when there is a single interfering UE having power that can be randomly larger within 0 dB and 6 dB (this is an optimistic scenario to the present case where an interferer can be at least ~6 dB stronger). 

Power ramping is also equivalent to maintaining legacy operation. For example, a hypothetical UE without any limitation for its PA transmission power would perform power ramping (instead of always increasing its power by ~6 dB) for RA preamble transmission with repetitions if it failed to detect RAR after a maximum number of RA preamble attempts without repetitions. Similar, the UE would use a transmission power determined by a path-loss measurement and use, e.g. 24 dBm for its PA, instead of using, e.g. (23+6)=29 dBm, for its PA. Although the discussion considered the two CE levels to correspond to normal coverage and the first CE level, it is applicable between any two consecutive CE levels. 

Therefore, if the UE applies power ramping by 
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 dB and the next number of repetitions corresponds to a coverage increase of 
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 dB, the UE should lower its transmission power by 
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 dB for the first transmission of the RA preamble with the next larger number of repetitions. 
Proposal 1: A UE applies power ramping for a retransmission of a RA preamble regardless of whether or not the UE transmits the RA preamble with repetitions. 

Frequency Hopping
Similar to the transmission of other DL or UL channels, the (cell-specific) frequency hopping pattern of the RA preamble should be such that it enables coherent accumulation of RA preambles, minimizes retuning occasions, and provides sufficient frequency diversity. For a UE configured with 
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 repetitions and 
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 sub-bands for RA preamble transmission, the UE transmits 
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 consecutive repetitions in each sub-band except for one sub-band (e.g. the sub-band with first repetitions) where the UE transmits 
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 consecutive repetitions for the RA preamble. 
The sub-bands (offsets relative to the two sides of the UL system BW) for RA preamble transmission for each CE level can be informed by the SIB for Rel-13 low cost UEs (MTC-SIB) in a same manner as for legacy operation. The starting subframe and the periodicity for RA preamble transmission for each CE level can also be informed by the MTC-SIB by defining PRACH configuration indexes for each CE level.  

Proposal 2: A UE configured with a number of RA preamble repetitions over a number of sub-bands, transmits an approximately equal number of consecutive RA preamble repetitions in each sub-band. The sub-bands and the subframes with RA preamble transmission are configured by the MTC-SIB for each CE level. 
TDD
For TDD operation, the number of subframes per frame that is available for RA preamble transmission with repetitions can vary depending on the UL/DL configuration. In case the cell uses dynamic adaptation of the UL/DL configuration, this needs to be informed in the MTC-SIB together with the DL-reference UL/DL configuration that the UE needs to assume for the repetitions of its RA preamble transmission.    

Proposal 3: For a TDD system and a cell supporting repetitions of a RA preamble transmission, the MTC-SIB informs whether dynamic adaptation applies to a UL/DL configuration in the cell and, if so, also informs of the DL-reference UL/DL configuration.

Another aspect in TDD is whether different RA preamble formats can be used by a UE. For example, as not all UL/DL configurations have pairs of consecutive UL subframes between two DL subframes, a UE can use RA preamble format 2 in two consecutive UL subframes and RA preamble format 0 in a next unpaired UL subframe. Although such switching of RA preamble formats can shorten the time required for a UE to transmit repetition of a RA preamble, this only affects latency and increases eNB complexity without reducing UE power consumption. As latency is not critical for low cost UEs operating with CE, it is preferable to maintain simple Tx/Rx structures for the RA preamble and a single RA preamble format is used for RA preamble repetitions by potentially skipping transmission opportunities (e.g. in unpaired UL subframe when a RA preamble format spanning 2 or 3 subframes is used). 
Proposal 4: For a TDD system and a cell supporting repetitions of a RA preamble transmission, a single RA preamble format is used for each repetition of a RA preamble transmission.
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: A UE applies power ramping for a retransmission of a RA preamble regardless of whether or not the UE transmits the RA preamble with repetitions. 

Proposal 2: A UE configured with a number of RA preamble repetitions over a number of sub-bands, transmits an approximately equal number of consecutive RA preamble repetitions in each sub-band. The sub-bands and the subframes with RA preamble transmission are configured by the MTC-SIB for each CE level. 
Proposal 3: For a TDD system and a cell supporting repetitions of a RA preamble transmission, the MTC-SIB informs whether dynamic adaptation applies to a UL/DL configuration in the cell and, if so, also informs of the DL-reference UL/DL configuration.

Proposal 4: For a TDD system and a cell supporting repetitions of a RA preamble transmission, a single RA preamble format is used for each repetition of a RA preamble transmission.
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