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1
Introduction
In RAN#74, techniques for coverage improvement of PBCH and PRACH are discussed and below agreement are reached on PRACH.
· 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
In this contribution, we will discuss further on PRACH and PUCCH for MTC UE.
2  Discussion 
2.1 PRACH
As discussed in SI, PRACH can use repetition, design new preamble format and relaxed requirement to improve coverage. The number of repetitions may be adjusted based on the UE's actual coverage status to avoid excessive repetitions. But the details on the mechanism of informing coverage level, the PRACH format, available resources for PRACH are still under investigation. We will analyse these issues in this contribution.  
Indication of Coverage Extension Levels

In current specification, the eNB can configure and broadcast two preamble groups for UEs, UEs select preamble from one group based on potential message size and pathloss. By this way, eNB could know the channel status at the random access procedure, and then allocate reasonable resources accordingly. Similarly, for MTC UE, it can also use this mechanism to avoid unnecessary UE power consumption and reduce resource waste. So it is suggested to use PRACH to indicate the coverage level, broadcasting three preamble groups in SIB2for MTC UE , each group stands for different level requirement of coverage improvement. 
Proposal 1: It is suggested to use PRACH to indicate the coverage improvement level.

PRACH format

About the preamble format, it can adopt new format with longer sequence or current PRACH formats, while if  new preamble is involved, it will impact the specification and implementation largely, the power consumption will be increased also, however, compared with the repetition method, it seems no much gain can be obtained. So it is better to use current preamble format.

Proposal 2: It is suggested to adopt current preamble format for MTC UE.

Preamble sets 
In order to improve the overall networks performance. It needs to define the preamble group size carefully. As the group size is related to collision probability and the distribution of MTC UE. For example, if most MTC UEs are located in extreme coverage, the corresponding group size should be defined bigger than others. And it is flexible if repetition number for each group can be configured , because different detection and combining algorithm may have different requirement for these parameters.  
Proposal 3: It is suggested to evaluate the preamble sets and the repetition number carefully, it is flexible for these parameters to be configurable.  
Relaxed requirement
The relaxed preamble detection may increase the miss detection probability, retransmission probability and collision probability of PRACH,  it can be worse if most UEs are coverage limited requiring larger repetition number, especially when current preamble format is adopted . And the relaxed requirement for preamble detection can eliminate part of gain from repetition . So it has risk to use relaxed requirement detection for PRACH, particularly for some cases, like more MTC UE in extreme coverage. 

Proposal4:. Relaxed requirement may have risk for network performance, need to study further carefully.
2. 2 PUCCH
Time domain repetition can be applied to PUCCH for coverage improvement. According to TR[1], Repetition times could be shortened if some of PUCCH contents are reduced or eliminated. In this contribution, we will analyse if Scheduling Request (SR), HARQ-ACK and CSI carrying by PUCCH can be reduced to avoid excess repletion.
SR

The request for uplink resources can be transmitted by PUCCH SR resource or by a random access procedure. while, if SR is replaced by random access completely, the collision problem may be worse, especially when larger number of MTC UE in high level of coverage improvement.
CSI 

CSI feedback from UE is used for eNB to schedule the resource properly, as the channel condition vary slowly for MTC UE, and the UEs are often scheduled in relatively idle time. So it may not necessary for CSI feedback.
HARQ-ACK 

Repetition in time domain is efficient for PDSCH. Based on SI, The average repetition time to achieve the coverage improvement target is 100~200 for FDD and 200~300 for TDD. The HARQ-ACK can terminate the retransmission to avoid excessive retransmission and improve usage of PDSCH resources. So HARQ-ACK feedback transmission on PUCCH is necessary for MTC UE. In R11, HARQ-ACK repetition can be enabled or disabled by higher layers, the maximum number of repetition factor is defined as 6, in order to satisfy the requirements of PUCCH coverage improvement, it needs extend maximum number of this parameter. 
In summary, we have the following proposals on PUCCH:
Proposal 5: SR and HARQ-ACK functionality of PUCCH are reserved for MTC UEs.

Proposal 6: It needs extend maximum number of repetition factor for HARQ-ACK functionality.
3.Conclusions and Recommendations
Considering that the coverage enhancement for low cost MTC UE should have lower impacts on specification and flexible simple implementation. We have following proposals on PRACH and PUCCH:

Proposal 1: It is suggested to use PRACH to indicate the coverage improvement level.

Proposal 2: It is suggested to adopt current preamble format for MTC UE.

Proposal 3: It is suggested to evaluate the preamble sets and the repetition number carefully, it is flexiable for these parameters to be configurable.

Proposal4:. Relaxed requirement may have risk for network performance, need to study further carefully.

Proposal 5: SR and HARQ-ACK functionality of PUCCH are reserved for MTC UEs.

Proposal 6: It needs extend maximum number of repetition factor for HARQ-ACK functionality.
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