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1 Introduction

In RAN#60, the “Low Cost & Enhanced Coverage MTC UE” WI was approved [1].  For the PRACH channel the following is agreed in the previous meeting:

· Enhancement of PRACH format is required to achieve coverage improvement target

· FFS if new PRACH format(s), new resources, or repetition of existing PRACH format(s) is adopted

· Define one or multiple PRACH coverage enhancement level

· FFS whether or not to use PRACH to indicate coverage level

· Details, such as resource multiplexing (TDM/FDM/CDM) method,  are  also FFS

This contribution discusses these FFS.
2 Discussion
Enhancement for PRACH (preamble) is required to achieve the 14 dB gain [3] and this can be achieved by:

· Repeating the legacy PRACH preambles by required number of times
· Designing a new PRACH preamble

The legacy PRACH preamble contains a CP which precedes the preamble sequence.  If we treat the repetition of the preamble sequence over N subframes as one sequence that is N subframe long, then technically, the CP is not required in every subframe apart from the 1st subframe.  Hence a new PRACH preamble design with only 1 CP in the 1st repetition would reduce CP overhead.  If we take preamble Format 0, the CP overhead is 13% giving 0.5 dB gain which can reduce the number of PRACH repetitions required.  However, 0.5dB is insignificant compared to the 14 dB gain required, and moreover the new preambles would introduce additional complexity at the eNB receiver to support these new sequences and testing.  Hence, we have a preference to repeat the legacy preambles.
Proposal 1: Repetition of existing PRACH format(s) is adopted.
The eNB needs to reserve multiple PRACH resources, preferably in consecutive subframes, to enable repetitions of the preamble. These resources would need to be grouped, so that the eNB would know in advance which access slots the UE would be using for repeated PRACH preamble transmissions so that it could accumulate the energy from the repetitions without having to blindly detect the starting position.

It is recognised in the SI [2] that not all UEs require the full 15 dB coverage enhancement and hence it is beneficial to allow for scalability of spectral efficiency.  This is also one of the objectives in the WID [1]. In order to support scalability of spectral efficiency, multiple repetition levels for PRACH preamble are required.  The number of different configurable repetition levels needs to be decided; 3 is probably a reasonable maximum number of levels.  Not all the repetition levels would necessarily have resources configured in a cell at any one time.

Proposal 2: Define multiple (e.g. up to 3) different PRACH preamble resource sets where the resource sets have different repetition/accumulation levels.
Proposal 3: If one or more PRACH resource sets for repetition/accumulation are configured in a cell, they are indicated in SIB2.  

An MTC UE that fails to decode the legacy PBCH but can decode a coverage-enhanced PBCH (that consists of numerous repetitions) would realise that it is in a coverage extension region.  Such an MTC UE could select a preamble repetition level (and corresponding PRACH resource) based on the signal quality of the RS in the downlink, similar to the open loop power control procedure in the legacy RACH access.  If the MTC UE failed to get a response from the eNB, it would try the next preamble resource that has a higher repetition level.
Proposal 4: If multiple PRACH preamble resources with different repetition levels are configured, the MTC UE identifies the necessary PRACH repetition level and selects the PRACH resource corresponding to that repetition level.  The MTC UE selects the next highest PRACH preamble repetition level if the previous (lower) PRACH repetition level fails to get a response from the eNB.
The preamble repetition would provide a rough (pessimistic) estimate of the uplink coverage enhancement level required.  This can be further refined based on further message exchange in the RACH process, for example the RAR can indicate to the MTC UE the uplink repetition level based on the quality of the preamble.  The MTC UE can indicate its preferred downlink coverage enhancement level based on RAR reception and this can be signalled in Message 3 or in the RRC Connection Request.  A final uplink and downlink repetition level can be configured by the eNB and signalled in the Contention Resolution message or RRC Connection Setup message.
Proposal 5: The RACH process can be used to configure the uplink and downlink repetition level for PUSCH/PDSCH & (E)PDCCH for coverage enhancement. 
3 Conclusion

In this contribution we discuss the details of the RACH and PRACH resources such that scalability of spectral efficiency is feasible.  We propose that:
Proposal 1: Repetition of existing PRACH format(s) is adopted.
Proposal 2: Define multiple (e.g. up to 3) different PRACH preamble resource sets where the resource sets have different repetition/accumulation levels.
Proposal 3: If one or more PRACH resource sets for repetition/accumulation are configured in a cell, they are indicated in SIB2.  

Proposal 4: If multiple PRACH preamble resources with different repetition levels are configured, the MTC UE identifies the necessary PRACH repetition level and selects the PRACH resource corresponding to that repetition level.  The MTC UE selects the next highest PRACH preamble repetition level if the previous (lower) PRACH repetition level fails to get a response from the eNB.
Proposal 5: The RACH process can be used to configure the uplink and downlink repetition level for PUSCH/PDSCH & (E)PDCCH for coverage enhancement.
4 References
[1]
RP-130848, “New WI: Low cost & enhanced coverage MTC UE for LTE,” Vodafone, RAN#60

[2]
TR36.888, “Study on provision of low-cost MTC UEs based on LTE (Release 12)”
[3]
R1-132968, “Coverage enhancement requirement”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, RAN1#74

