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1 Introduction

In RAN1#80, the following agreements were made with respect to RA preamble transmissions from Rel-13 low cost UEs. 

Agreements:
· For coverage enh. of PRACH, for initial random access

· There is one to one mapping between PRACH repetition level and PRACH resource set
· Multiple attempts are allowed for each PRACH repetition level

· There is a configurable number of attempts

· FFS: Whether the configuration of the number of attempts is common or separate per repetition level

· Number of attempts per PRACH repetition level can be different

· If UE does not receive a RAR after the allowed number of attempts, it moves to the next higher repetition level
· Specified maximum numbers of levels is 3 (this does not include “zero coverage extension”) 

· FFS: Power ramping or always max power used within each repetition level
Working assumption:
· 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
This contribution considers the open issues in the above agreements and working assumption together with other issues related to a RA preamble transmission from a Rel-13 low cost UE.

2 RA Preamble Transmission 
Common or Separate Configuration of Number of Attempts per Repetition Level

The first FFS issue is whether the configuration of the number of attempts is common or separate per repetition level. Ideally, a network should be able to configure resources for RA preamble transmission, including number of attempts, depending on the load of Rel-13 low cost UEs at each coverage enhancement level. For example, if the network is lightly loaded at a first coverage enhancement level, RA preamble failure is less likely to be due to collisions and more likely to be due to the UE incorrectly choosing the coverage enhancement level. In that case, the network can configure a smaller number of attempts for the first coverage enhancement level. The reverse applies when the network is more heavily loaded at a second coverage enhancement level. 
In principle, it is possible to have a common configuration for the number of attempts while allowing for different attempts per repetition level. For example, there can be 8 possible specified configurations for the number of attempts per repetition level and 3 bits in a SIB can indicate the configuration selected by the network. This can save overhead in the SIB at the expense of restricting the network to select a configuration having a number of attempts that is roughly appropriate for each repetition level. Alternatively, a number of bits can be included for each repetition level to indicate the respective number of attempts. For example, 2 bits can indicate 1 out of 4 specified numbers of attempts. Given that the minimizing SIB payload is likely to be more important than fine-tuning the number of attempts per repetition level, the first alternative is advantageous.

Proposal 1: The number of RA preamble transmission attempts can be different for different repetition levels. Consider as a working assumption that the number of RA preamble transmission attempts per repetition level is indicated by a single configuration from a number of specified configurations. 

Power Ramping or Always Using Maximum Power when Transmitting RA Preamble with Repetitions
The second FFS issue is whether power ramping or always the maximum power is used within each repetition level. A UE transmitting a RA preamble with repetitions may be thought of as using transmission maximum power since it is coverage limited. However, the agreement to support 3 repetition levels (in addition to no repetitions) implies coverage enhancements levels separated by roughly 6 dB (although the exact levels are FFS). Therefore, if either due to collisions of RA preamble or due to the eNB failing to detect the RA preamble or Msg3 or due to the UE failing to detect RAR, the UE exhausts the number of attempts at its proper coverage enhancement level, the low cost UE will continue transmitting in resources corresponding to the next coverage enhancement level and the total received power for that UE will increase by ~6 dB (or more). Having received power differences in excess of 6 dB creates near far effects where the AGC will not be able to pick up the signals from UEs actually requiring the higher coverage enhancement level. 
To protect against near-far effects, power ramping is needed regardless of whether or not the UE transmits the RA preamble with repetitions and the legacy operation should be maintained. For example, if a UE should actually transmit the RA preamble without repetitions and it fails contention resolution for a respective number of maximum attempts, the UE will create near-far effects if it uses its maximum power to transmit an RA preamble with repetitions. 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 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 2: 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
As frequency hopping for the RA preamble provides significant reductions in the number of required repetitions for a given coverage enhancement level (in the range of 2.0-4.0 dB (EPA, 1Hz) depending on the operating BLER [1, 2]), it should be possible for a network to configure it (when multiple frequency resources are available in coverage enhanced mode) as it reduces the number of required repetitions (e.g. from 40 to 20 or less [3]). Similar to the transmission of other DL or UL channels, the frequency hopping pattern 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 UE can also be configured the sub-band for the first RA preamble transmissions or it can implicitly determine it, for example based on the UE ID. 
Proposal 3: 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.  
Starting Subframe
A starting subframe for RA preamble transmissions according for a respective repetition level can be determined either implicitly, such as for example by specifying SFNs and subframes within a frame for the RA preamble transmission, or explicitly by signaling in a SIB, or by a combination of the two. Considering that a network will need to accommodate varying traffic over the short or long term, and that different networks will need to accommodate different traffic and/or coverage requirements, a purely implicit approach relaying on specifications is not appropriate. Signaling in a SIB of frames/subframes where a Rel-13 low cost UE can transmit RA preamble for an associated repetition level is necessary. Whether SIB signaling overhead can be reduced by also relying on implicit means is FFS.   
Proposal 4: A starting subframe for RA preamble transmissions is signaled in SIB for a respective repetition 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 SIB together with the DL-reference UL/DL configuration that the low cost UE needs to assume for the repetitions of its RA preamble transmission.    

Proposal 5: For a TDD system and a cell supporting repetitions of a RA preamble transmission, a 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 low cost UE. For example, the low cost UE can use RA preamble format 0 is normal subframes but it may also be possible to use RA preamble format 4 in the UpPTS of special subframes. Similar, as not all UL/DL configurations have pairs of consecutive UL subframes between two DL subframes, a low cost 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 low cost UE to transmit the RA preamble, this only affects latency without reducing UE power consumption. As latency is not critical for low cost UEs operating with coverage enhancements, 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 UpPTS or in unpaired UL subframe when a RA preamble format spanning 2 or 3 subframes is used). 
Proposal 6: 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: The number of RA preamble transmission attempts can be different for different repetition levels. Consider as a working assumption that the number of RA preamble transmission attempts per repetition level is indicated by a single configuration from a number of specified configurations. 

Proposal 2: 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 3: 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.  
Proposal 4: A starting subframe for RA preamble transmissions is signaled in SIB for a respective repetition level.  
Proposal 5: For a TDD system and a cell supporting repetitions of a RA preamble transmission, a 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 6: 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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