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1. Introduction

RAN1 has discussed PBCH and RACH enhancements for Rel-13 low complexity UEs and UEs operating coverage enhancements (CE), and made the following agreements.
•
RAN1 confirms that following PRACH related agreements in Rel-12 LC-MTC are applied for Rel-13 low-complexity UE


–
For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported


–
After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network


–
Multiple PRACH repetition levels are supported


–
Repeating the existing preamble formats for PRACH enhancement 


–
In addition, define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.

•
Within new region, at least CDM is allowed.


–
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. 


–
eNB-configurable number of levels (1, 2, 3) up to specified max level.


–
1 attempt = configured number of repetitions.

•
Rel-13 low complexity UE can be identified by PRACH.

•
FFS for detailed indication method, e.g., Preamble and/or resource allocation
•
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


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

This paper will discuss the RACH enhancement to support Rel-13 MTC in RAN2 aspect. 
2. Discussion
The main features in Rel-13 MTC are both the reduced bandwidth (RBW) of 1.4 MHz and the coverage extension (CE). Rel-13 low complexity UE will use only 1.4 MHz bandwidth being frequency-hopped, and repeatedly transmit/receive all signals for the enhanced coverage. From these new features of Rel-13 MTC, the legacy RACH procedure needs to be modified. 
2.1
Separate PRACH Radio Resources for Rel-13 Low Complexity UE

As in RAN1 agreement, RAN1 has suggested to define additional time/freq. resource region(s) separate for “enhanced coverage” UEs. The separate PRACH radio resource for Rel-13 low complexity UE would provide a few benefits. 


Assuming a large number of Rel-13 low complexity UEs in a cell area, the legacy PRACH radio resources might not be sufficient. Moreover, in order to avoid near-far effects, UEs that need to operate with PRACH repetitions need to be allocated separate PRACH resources according to their respective coverage enhancement level. The separate PRACH radio resources for Rel-13 low complexity UE can be allowed for the random access distribution purpose. 

The separate PRACH radio resources can also be used for other purposes than load distribution. For example, one purpose can be to indicate whether or not the eNB can perform soft combining for the RA preambles from UE. At the initial random access stage, the eNB cannot distinguish between preambles from a normal UE and from a Rel-13 low complexity UE. The eNB needs to identify the UE type, i.e. either normal UE or Rel-13 low complexity UE, at the preamble reception in order to decide whether to perform soft combining for the preambles (in case of repetitions). 
Proposal 1: PRACH radio resources for Rel-13 MTC UE are separately configured from PRACH radio resources for legacy UEs.

At least two options can be considered for separating PRACH radio resources assigned to Rel-13 low complexity UEs: 
· Option 1: assign a PRACH radio resource set to each sub-band (sub-band pattern)
· Option 2: define a PRACH sub-band only for the random access purpose


Option 1 is to assign a PRACH radio resource to each sub-band. This means a BW of 1.4 MHz in the DL system bandwidth. Each sub-band can have PRACH radio resource periodically configured as in Fig 1 (a). The PRACH configuration such as the periodicity can be signaled via SIB or be pre-defined. A low complexity UE will send its preamble over a configured sub-band for a respective coverage enhancement level. 

Option 2 is to define an exclusive sub-band to be used only for random access as in Fig 1 (b). The sub-band can be configured via SIB or be pre-defined.

According to RAN1 agreement, RAN1 assumes multiple PRACH radio resources, and each PRACH radio resource is mapped with a repetition level. Therefore we currently prefer to have option 1 to be in line with the RAN1 agreement. 
Proposal 2: A PRACH radio resource set is assigned to each sub-band (or sub-band pattern), and it is associated with a repetition level.
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(a) Option 1: to assign PRACH radio resource to each sub-band
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(b) Option 2: to define a PRACH sub-band for random access purpose only
Fig 1
Separate PRACH radio resource for Rel-13 MTC 
2.2
Sub-band Selection for Initial Random Access
Since RAN1 already agreed that there is one to one mapping between PRACH repetition level and PRACH resource set, the Rel-13 low complexity UE will select a sub-band (or a sub-band pattern if frequency-hopped) depending on its repetition level as shown in Fig 2. The eNB can easily identify the repetition level for the Rel-13 low complexity UE. The mapping information would be provided via the MIB or a SIB for Rel-13 low complexity UEs. 
Proposal 3: For random access, a Rel-13 low complexity UE selects a sub-band (or a sub-band pattern) if frequency-hopped) depending on its repetition level.
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Fig 2
Sub-band Selection for Initial Random Access
3. Conclusion
It is proposed that
Proposal 1: PRACH radio resources for Rel-13 MTC UE are separately configured from PRACH radio resources for legacy UEs.
Proposal 2: A PRACH radio resource set is assigned to each sub-band (or sub-band pattern), and it is associated with a repetition level.
Proposal 3: For random access, a Rel-13 low complexity UE selects a sub-band (or a sub-band pattern) if frequency-hopped) depending on its repetition level.
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