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1 Introduction

In this contribution, we discuss RACH repetition level modelling aspects for Further LTE Physical Layer Enhancements for MTC. Since RAN2 received the following LS [2], RAN2 should discuss further detail of RACH procedure. 
	RAN WG1 has discussed the PRACH coverage enhancement procedure, and made the following agreements:

· For coverage enhancement 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

· FFS UE behavior when UE receives RAR, but fails contention resolution

RAN1 has previously agreed that the number of PRACH repetition levels is eNB-configurable, up to the specified maximum number. Within a PRACH repetition level, one attempt is the configured number of repetitions.

RAN1 is considering several approaches for selecting a starting PRACH repetition level. One approach is based on RSRP measurement, and another approach is based on RSRP measurement and PSS/SSS detection time. Some other approaches do not require RSRP measurements. RAN1 requests RAN4 to feedback on the possibility of distinction among non-coverage enhancement and coverage enhancement of max. 3 non-zero levels (e.g., 0, 5, 10, 15 dB, or 0, 6, 12, 18 dB, dB number is total system coverage enhancement), for example, using RSRP measurement depending on coverage level.


2 Discussion

2.1 RACH modelling between L1 and L2/L3
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Figure 1: Current Interaction model between L1 and L2/3 for Random Access Procedure [1]
The random access procedure described above is modeled in Figure 10.1.5.3-1 in [1]. L2/L3 receives an indication from L1 stating whether the random access response was received (ACK) or not (DTX reception) is detected after requesting Random Access Preamble transmission to L1. Based on the indication from L1, L2/3 indicates L1 to transmit its first scheduled UL transmission (RRC Connection Request in case of initial access), or again the Random Access Preamble if necessary. However, this model may need to be clarified when we introduce MTC related procedure, especially for repetition procedure. 
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Figure 2: Interaction model between L1 and L2/3 for Random Access Procedure with repetition
RAN2 should consider a way to modify the current procedure as little as possible for low cost implementation. As shown in Figure 2, we can keep most parts of the current model by hiding repetition transmission from L2/L3. In initial access, the L2/L3 indicates a random access preamble and a repetition level to the L1. How to determine the initial repetition level should be discussed based on RAN4 feedback on measurement accuracy. Once the L2/L3 instructs the L1 to transmit PRACH, the L2/L3 waits for indication of random access response (RAR) reception from the L1. If L1 indicates no reception of RAR, L2/L3 determines whether the next attempt should be instructed and which repetition level to use in that case. 
Proposal 1: 
L1 controls PRACH transmission with repetition for one PRACH transmission attempt. L1 is configured with the number of repetitions mapped to a repetition level.
Proposal 2: 
L2/L3 controls RA procedure and repetition level for PRACH transmission, RAR reception, Msg3 transmission, and contention resolution.

2.2 RACH modelling between MAC and RRC
Based on Proposal 2 above, MAC or RRC layer will handle the repetition level management. In cell selection/reselection procedure, RSRP measurement and SIB reading need to be defined taking repetition level into account. During SIB reading, the UE will identify the supported repetition levels in the camped cell. When the UE performs initial access to the camped cell, the UE will select a repetition level for PRACH transmission based on the SIB and possibly RSRP measurement. If several attempts of PRACH transmission fail, the UE will select a higher repetition level. For PUSCH for Msg 3 and PDSCH for contention resolution, there would be two possibilities: one is RAR provides a repetition level for them; another is one to one mapping between a repetition level of PRACH transmission, PUSCH for Msg 3, and PDSCH for contention resolution. Considering the relationship between RA procedure and the current repetition level selection, MAC layer should handle the current repetition level. 
Proposal 3: 
MAC layer should handle current repetition level for PRACH, RAR, PUSCH, and PDSCH.

Proposal 4: 
RRC layer should manage supported repetition levels in the serving cell.
3 Conclusion 

In this contribution, we describe the RACH modelling for MTC. We have the following proposals: 

Proposal 1: 
L1 controls PRACH transmission with repetition for one PRACH transmission attempt. L1 is configured with the number of repetitions mapped to a repetition level.
Proposal 2: 
L2/L3 controls RA procedure and repetition level for PRACH transmission and RAR reception, Msg3 transmission, and contention resolution.

Proposal 3: 
MAC layer should handle current repetition level for PRACH, RAR, PUSCH, and PDSCH.

Proposal 4: 
RRC layer should manage supported repetition levels in the serving cell.
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