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1 Introduction
In RAN1#82b meeting, the following agreements on MTC PRACH are provided [1]:
Agreement:
· For at least initial random access, the criterion for UE to select PRACH resource set is based on RSRP measurement 

· PRACH configuration is signaled based on Table 5.7.1-2 ~5.7.1-4 in TS36.211

· Note: the tables may be subject to modification

· The starting frequency location in units of PRB of PRACH resources for each PRACH resource set is signaled

· Confirm working assumption:

· For RAR for Rel-13 low complexity UEs and UEs operating coverage enhancement, M-PDCCH-scheduled PDSCH carrying the message(s)

· For PDSCH carrying MAC RAR (Msg2)

· The narrowband is indicated in the associated DCI

· For initial PUSCH carrying Msg3

· The narrowband is explicitly indicated in UL grant in RAR

In this contribution remaining issues on resource allocation and hopping pattern for PRACH for MTC coverage enhancement are discussed.
2 RPACH resource allocation for MTC UE in coverage enhancement
It was agreed in last RAN1 meeting that “PRACH configuration is signaled based on Table 5.7.1-2 ~5.7.1-4 in TS36.211”. Some configuration of PRACH configuration index in 5.7.1-4 may result in different number of PRACH resource in different PRACH subframe. For example, for TDD UL-DL configuration 3(DSUUU, DDDDD) and  PRACH configuration index = 12, PRACH resource allocation is illustrated in Figure 1 in which number of PRACH resource for frequency Index 1 is three times of that of Index 2. If such PRACH resources are configured for MTC UEs in enhanced coverage, because PRACH transmission needs to be repeated many timed, UEs would have quite different performance for frequency Index 1 and Index 2. From fairness point of view, such PRACH configuration is not applicative for MTC UEs in enhanced coverage.
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Figure 1：PRACH Resource allocation for TDD UL-DL configuration 3 and PRACH configuration Index=12
Proposal 1: For Table 5.7.1-4 in TS 36.211, only PRACH configuration which has same PRACH resources in each PRACH subframe can be configured for MTS UEs in enhanced coverage.
3 Hopping Pattern Design for MTC UE in coverage enhancement
· Frequency hopping pattern
Frequency hopping pattern should be considered according to the PRACH resource configuration per PRACH subframe.
· Only one PRACH resource per PRACH subframe per CEL
Simulation result in [2] shows that PRACH hopping between two frequency positions can bring significant hopping gain. For the case that only one PRACH resource is configured per PRACH subframe per CEL, in order to support PRACH hopping, PRACH resource in frequency position A can be easily shifted to a new frequency position B by offset value. As shown in Figure 2 (subframe #0~#9 are assumed as PRACH subframes for FDD LTE system, hopping granularity in time domain is 5 PRACH subframes and offset = K narrowbands), PRACH resource is hopping from NB (narrowband) index n to NB index n+k.
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Figure 2  Frequency hopping Pattern for FDD LTE PRACH coverage enhancement 
Proposal 2: For the case that only one PRACH frequency resource per PRACH subframe is configured for specific PRACH repetition level, when PRACH hopping is enabled, hopping frequency resources can be configured via offset value.
· Multiple PRACH resources per PRACH subframe per CEL
In this case, multiple PRACH frequency resources are configured per PRACH subframe per CEL. When PRACH hopping is enabled, PRACH resource can be selected from the configured PRACH frequency resources. 
Proposal 3: For the case that multiple frequency PRACH resources per PRACH subframe are configured for specific PRACH repetition level, when PRACH hopping is enabled, hopping frequency resource is selected from the existing multiple frequency PRACH resources.
· TDD LTE with even number of PRACH resources per RPACH subframe
Since PRACH resources are distributed in both sides of the system bandwidth, considerable hopping gain can be acquired if PRACH repetition is hopped between the allocated PRACH resources. For a MTC UE in enhanced coverage, it is preferable to configure a PRACH resource in each side of the system bandwidth. As shown in Figure 3, six PRACH resources (index 0~5) are configured in a PRACH subframe for TDD LTE. Index 0 and 5, index 1 and 4, and index 2 and 3 can be used as a PRACH hopping resource group.
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Figure 3 PRACH hopping Pattern for TDD LTE with even number of PRACH resources per RPACH subframe 
Proposal 4: For TDD LTE system configured with even number of PRACH resources per RPACH subframe per CEL, two PRACH resources are configured for one UE when PRACH hopping is enabled. 
· TDD LTE with odd number of PRACH resources per RPACH subframe
The hopping gain would be very small if hopping resources are in the same side of system bandwidth. In order to guarantee the hopping gain for MTC UEs with different starting frequency position, one way is to configure larger than 2 frequency positions for such UEs. For example, five PRACH resources (index 0~4) are configured for TDD LYE system, three hopping positions are configured for a MTC UEs in enhanced coverage. As shown in Figure 5, three PRACH resources in each PRACH subframe can be configured as PRACH hopping resources for a MTC UE in enhanced coverage.
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Figure 4 PRACH hopping Pattern for TDD LTE with odd number of PRACH resources per RPACH subframe
Proposal 5: For TDD LTE system configured with odd number of PRACH resources per RPACH subframe per CEL, three PRACH resources are configured for one UE when PRACH hopping is enabled.
4 Conclusions
In this contribution remaining issues on resource allocation and hopping pattern for PRACH for MTC UEs in enhance coverage are discussed. We make the following proposals:
Proposal 1: For Table 5.7.1-4 in TS 36.211, only PRACH configuration which has same PRACH resources in each PRACH subframe can be configured for MTS UEs in enhanced coverage.
Proposal 2: For the case that only one PRACH frequency resource per PRACH subframe is configured for specific PRACH repetition level, when PRACH hopping is enabled, hopping frequency resources can be configured via offset value.
Proposal 3: For the case that multiple frequency PRACH resources per PRACH subframe are configured for specific PRACH repetition level, when PRACH hopping is enabled, hopping frequency resource is selected from the existing multiple frequency PRACH resources.

Proposal 4: For TDD LTE system configured with even number of PRACH resources per RPACH subframe per CEL, two PRACH resources are configured for one UE when PRACH hopping is enabled. 

Proposal 5: For TDD LTE system configured with odd number of PRACH resources per RPACH subframe per CEL, three PRACH resources are configured for one UE when PRACH hopping is enabled.
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