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1 Introduction

In RAN1#80b meeting, the following agreements on MTC PRACH are provided [1]:
Agreement:
Confirm the Working assumption from RAN1#80:

· PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode

· Details FFS

· FFS the number of frequency resources for PRACH in a subframe for eMTC 

In this contribution further consideration on transmission starting subframe selection, resource allocation and  hopping pattern for CE MTC PRACH are discussed.
2 PRACH starting subframe selection
One of the remaining issue for PRACH is how to selection the starting subframe. In order to reduce eNB detection complexity, it is beneficial to allocate non-overlapping PRACH time-frequency resources for PRACH opportunity of the same converage enhancement level. The following is an example of such allocation:
Index all the available PRACH resource unit for the given frequency position from 0 to (
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 is the total PRACH resource unit required for coverage enhancement level j. The first subframe of the unit n is the starting subframe of PRACH transmission. 
For example, in FDD LTE，when PRACH-ConfigIndex=12，Preamble format = 0， PRACH Subframe is configured as subframe index 0,2,4,6,8. Suppose   
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= 4 for coverage enhancement level 0, then the starting subframe selection is shown in figure 1.
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Figure 1：RACH Preamble starting Subframe selection
For Rel-13 CE MTC UE, PRACH Preamble transmission starting subframe is derived from the PRACH TF resources configured for the CEL, selected PRACH frequency resource location for Preamble transmission, PRACH resource Unit number needed for Preamble transmission for the CEL
Proposal 1：For Rel-13 CE MTC UE configured with a specific CEL ,PRACH preamble transmission starting subframe is derived from the PRACH TF resources configured for that CEL, selected PRACH frequency resource location for Preamble transmission and PRACH resource Unit number needed for Preamble transmission for the CEL.
3 RPACH resource allocation for MTC UE in coverage enhancement
For legacy PRACH, the spec has detailed resource allocation configuration defined both for frequency and time domain , via PRACH-ConfigIndex and two associated table. In Release 13, to achieve uniformity with legacy design, it is proposed to reuse legacy PRACH-ConfigIndex and the asscociated mapping Table in principle. The legacy design can be further modified based on the new agreement for Rel-13 MTC UE.
Proposal 2：Random access preamble mapping in time and frequency for Rel-13 CE MTC UEs is in principle based on legacy “PRACH-ConfigIndex” and the corresponding mapping table 
In Legacy system, PRACH-FreqOffset and PRACH-ConfigIndex are used to indicate PRBs position. Reusing these two legacy parameter can also indicate all the possible PRACH resources for MTC UE in coverage enhancement. From signaling cost perspective, the difference between using PRACH-ConfigIndex and narrowband index is only 2 bits. This is negligible considering such signaling are broadcasted in the SIB.
Proposal  3：Legacy “PRACH-FreqOffset”and corresponding PRACH frequency resource mapping schemes are reused for Rel-13 CE MTC UEs.
4 Hopping Pattern Design for MTC UE in coverage enhancement
For MTC UE in coveragement enhancement, frequency hopping gain depend on the allocated postion for PRACH preamble in frequency domain. 

· Hopping pattern in time domain
For MTC UE in coverage enhancement , because the doppler shift is small , two options exist for configure the granularity in time domain:
Option 1：granularity in time domain = K* continuous subframes

Option 2：granularity in time domain = K* continuous PRACH subframes 
In the following figure 2 and figure 3, hopping pattern corresponding to these two options are shown.
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Figure 2： K* continuous Subframes hopping，K=5
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Figure 3： K* continuous PRACH Subframes hopping，K=3
It can be seen that with option 2, it is easier to configure the different frequency location uniformely, therefore achieve the maximum hopping gain. 
Proposal 4：PRACH hopping in time domain can be configured as K* PRACH Subframes for Rel-13 CE MTC UEs per CEL. 
For PRACH hopping configuration  in frequency domain, offset value can be configured to indicate the corresponding resources. We give an example in figure 4 where a FDD system configuration is shown. Subframe 0 ~ subframe 9 are all PRACH subframes. 
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Figure 4： Frequency hopping Pattern for FDD LTE PRACH coverage enhancement  
Proposal 5：For Rel-13 MTC UEs in coverage enhancement，when PRACH frequency hopping is enabled，hopping frequency resources can be configured via offset value. 

5 Conclusions

Proposal 1：For Rel-13 CE MTC UE configured with a specific CEL ,PRACH preamble transmission starting subframe is derived from the PRACH TF resources configured for that CEL, selected PRACH frequency resource location for Preamble transmission and PRACH resource Unit number needed for Preamble transmission for the CEL.
Proposal 2：Random access preamble mapping in time and frequency for Rel-13 CE MTC UEs is in principle based on legacy “PRACH-ConfigIndex” and the corresponding mapping table. 
Proposal  3：Legacy “PRACH-FreqOffset”and corresponding PRACH frequency resource mapping schemes are reused for Rel-13 CE MTC UEs.
Proposal 4：PRACH hopping in time domain can be configured as K* PRACH Subframes for Rel-13 CE MTC UEs per CEL
Proposal 5：For Rel-13 MTC UEs in coverage enhancement，when PRACH frequency hopping is enabled，hopping frequency resources can be configured via offset value. 
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