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1. Introduction

The Random Access procedure in LTE requires enhancements in order to support Rel13 low complexity UEs in normal and enhanced coverage modes.

RAN1 has informed RAN2 of the following agreements concerning PRACH and RAR for Rel. 13 MTC [1][2]:
RAN1 agreements
1. RAN1 confirms that following PRACH related agreements in Rel-12 LC-MTC are applied for Rel-13 low-complexity UE

a. For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported
b. After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network
c. Multiple PRACH repetition levels are supported
d. Repeating the existing preamble formats for PRACH enhancement 
e. In addition, define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.
· Within new region, at least CDM is allowed.
f.      Specified maximum numbers of levels: Working assumption of 3 (this does not include “zero coverage extension”). More evidence needed if we were to extend this. 
g. eNB-configurable number of levels (1, 2, 3) up to specified max level.
h. 1 attempt = configured number of repetitions.
2. Rel-13 low complexity UE can be identified by PRACH.
a. FFS for detailed indication method, e.g., Preamble and/or resource allocation
3. For coverage enhancement of PRACH, for initial random access

a. There is one to one mapping between PRACH repetition level and PRACH resource set

b. Multiple attempts are allowed for each PRACH repetition level

c. There is a configurable number of attempts

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

d. Number of attempts per PRACH repetition level can be different

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

g. FFS: Power ramping or always max power used within each repetition level

h. FFS UE behavior when UE receives RAR, but fails contention resolution
4. RAR/Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from RAR/Paging messages for other UEs

5. RAR/paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels

In this contribution we discuss the impacts of the Rel13 MTC enhancements on the Random Access procedure. 

2. Discussion

2.1. Coverage enhancement for Random Access 
The Random Access procedure for Rel13 MTC will require coverage enhancements at least for:

1. PRACH transmission on uplink

2. RAR reception on downlink
As per RAN1 agreements, multiple CE levels will be supported for PRACH and RAR. This enables the system to operate in more resource efficient manner, e.g, by selection of a suitable repetition level according to the UE’s radio condition or performance/delay target.

In addition, robustness of PRACH reception will be further increased by moving to a higher repetition level if previous attempts at a lower repetition level were unsuccessful.  However it is not sufficient to only increase the repetition level of PRACH, as an unsuccessful PRACH attempt could also be due to DL coverage limitation for RAR reception.  

Observation 1: Successful PRACH attempt requires both PRACH and RAR reception to be considered together.  

Multiple approaches are being considered in RAN1 for selecting the starting PRACH CE level, e.g, based on RSRP, PSS/SSS detection delay, etc.  Regardless of the mechanism for PRACH CE, the mechanism for selecting the RAR CE level has to be considered in light of Observation 1. 

The following approaches could be considered RAR CE level determination:

Option 1 (Common CE level): There is a one-to-one correspondence between the PRACH CE level and RAR CE level.

Option 2 (Separate CE level): The RAR CE level is determined separately from the PRACH level and indicated in the PRACH 
Option 1 is in principle simpler from a specification standpoint. However it does carry some important limitations:

· The required CE level for PRACH may be different than for PDSCH carrying RAR. If a common CE level is adopted, the worst case between PRACH and PDSCH would need to be used for the Random Access, leading to inefficient use of system resources.
· UE capability dependency: an LC MTC UE with single antenna will require more DL CE than other UEs, for the same UL radio condition

· Small cell deployment: For a given DL SINR, larger DL/UL transmit power imbalance may require larger PRACH CE. In other words, for small cell deployment a large PRACH CE may not be needed even if required DL CE may be large. 
The above limitations could lead to significant delay or inefficiency in the Random Access procedure especially when the UL and DL CE is imbalanced.
In case of Option 2, the UE selects the RAR CE level separately from the PRACH CE level (e.g, by also taking into account the difference in transmission power and the required SINR for detection of RAR). UE may indicate the desired RAR CE level in the PRACH.  

Proposal 1: Discuss whether a common or separate CE level should be supported for PRACH and corresponding RAR. 

Regardless of whether common/separate CE level is defined for PRACH/RAR, the UE monitors a single RAR following a PRACH transmission.
Proposal 2: The UE monitors a single RAR CE level following a PRACH attempt. 

2.2. Number of PRACH attempts
Regarding the number of PRACH attempts, RAN1 has made the following agreements:
· 1 attempt = configured number of repetitions.
· 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 levels
From the MAC layer perspective, the number of attempts has impact on (a) PRACH Power Ramping; (b) Random Access problem indication. The former aspect is already being addressed in RAN1, while the latter should be addressed in RAN2. 

In the current Random Access procedure, the UE declares Random Access problem when the allowed maximum number of PRACH transmission attempts is exceeded. In Rel. 13 MTC, however, the UE may move to a higher PRACH CE level, effectively starting a new Random Access procedure at the new level. Therefore it should not declare Random Access failure until the maximum allowed PRACH CE level is attempted. 
Proposal 3: When moving to a higher PRACH CE level during a Random Access procedure, the number of attempts at the lower PRACH CE level are not counted towards Random Access problem indication. 

2.3. Random Access Response scheduling
The current procedure of RAR consists of the UE first monitoring the PDCCH addressed to RA-RNTI which dynamically schedules information for the RAR on PDSCH. While providing maximum scheduling flexibility, dynamic scheduling of the RAR entails significant overhead and delay for a Rel. 13 MTC UE, as it generally requires CE for both the control and data. 

An alternative approach is to consider control-less scheduling of the RAR for Rel. 13 MTC in CE. This is similar to what is currently being considered for the new Rel 13 MTC System information. Control-less scheduling provides benefits such as: (a) reduction of control channel monitoring requirement for MTC; (b) reduction of DL system overhead required for scheduling UEs in DL CE. 
In order to support a control-less scheduling mode for the RAR, the eNB may configure certain occasions where the UE may assume possible transmission of the RAR message following the PRACH attempt, as shown in Figure 1. In addition, the scheduling information for RAR (TBS, resource allocation, MCS) may be broadcast in SIB.  
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Figure 1: Control-less RAR scheduling
Proposal 4: Introduce support for control-less scheduling of RAR for Rel. 13 MTC. 
3. Conclusion

In this contribution, we discussed enhancements to support Random Access under coverage enhancements for Rel 13 MTC. We made the following proposals: 
Proposal 1: Discuss whether a common or separate CE level should be supported for PRACH and corresponding RAR. 

Proposal 2: The UE monitors a single RAR CE level following a PRACH attempt. 

Proposal 3: When moving to a higher PRACH CE level during a Random Access procedure, the number of attempts at the lower PRACH CE level are not counted towards Random Access problem indication. 

Proposal 4: Introduce support for control-less scheduling of RAR for Rel. 13 MTC. 
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