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1 Introduction
During RAN1#80b meeting, the following agreements on MTC PRACH were approved [1]:
· 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 

· Repetition of all preamble formats is supported in coverage enhancement, except PRACH format 4

· For coverage enh. of PRACH:

· The configuration of the number of attempts can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations 

· The configuration of the number of repetitions can be separate per coverage level

· FFS whether or not to have default configurations and if so, the default configurations  

· When UE receives RAR but fails contention resolution

· The UE uses its current repetition level until it reaches the maximum number of attempts for that level

In this contribution further consideration on resource allocation, hopping pattern and power ramping for MTC PRACH are discussed.
2 MTC PRACH resource allocation

Based on agreement reached [2] from RAN1#79, CDM, TDM and FDM can all be used for multiplexing schemes between Rel-13 MTC UEs and legacy UEs.  With fewer legacy UE in the cell, CDM could be adopted, thus increase PRACH resource utilization. The interference for legacy UE preamble is also marginal.  On the other side, with large number of legacy UE existence, to reduce preamble interference to legacy UE, additional time-frequency resource should be allocated. Considering difference scenarios, it is beneficial to leave the configuration of PRACH resource to eNB.

From the point of saving time-frequency resource overhead, CDM is the best multiplexing scheme for multiple CE levels, but if the preamble detection performance for high CE level MTC UEs is severely affected by near far effect when CDM is only multiplexing scheme for multiple CE levels, then we have to reply on FDM/TDM to deal with this problem. Therefore, from the consideration on the flexibility of multiplexing scheme, it is suggested that the CE MTC PRACH resources (time-frequency resource, Preambles) are configured by eNB via SIB.
According to the agreement of RAN1#79 meeting [3], Rel-13 low complexity MTC UEs also need to be identified by PRACH, so a set of independent PRACH resource need to be configured for this. From the consideration of scheme consistency, PRACH resources for Rel-13 low complexity MTC UEs shall also be configured by eNB via SIB.
Finally, PRACH configuration signaling for legacy UEs such as “PRACH-ConfigIndex”, “PRACH-FreqOffset”, “rootSequenceIndex”, “zeroCorrelationZoneConfig” are also suitable for Rel-13 MTC UEs, a simple scheme is that up to 4 sets of independent PRACH configuration signaling for Rel-13 MTC UEs can be configured by eNB via SIB. Considering the PRACH resource allocation is not frequently, little impact on the system overhead is caused. Related mapping tables for legacy “PRACH-ConfigIndex”, “PRACH-FreqOffset”, “rootSequenceIndex”, “zeroCorrelationZoneConfig” need further optimization according to the characteristics of the Rel-13 MTC UEs.
Proposal 1：PRACH resources (time-frequency resource, Preambles) for Rel-13 MTC UEs are configured by eNB via SIB
· Up to 4 sets of independent PRACH configuration signaling for Rel-13 MTC UEs are configured by eNB via SIB
· PRACH configuration signaling for legacy UEs such as “PRACH-ConfigIndex”, “PRACH-FreqOffset”, “rootSequenceIndex”, “zeroCorrelationZoneConfig” are also suitable for Rel-13 MTC UEs
· FFS：Related mapping tables for legacy “PRACH-ConfigIndex”, “PRACH-FreqOffset”, “rootSequenceIndex”, “zeroCorrelationZoneConfig” need further optimization according to the characteristics of the Rel-13 MTC UEs.
3 CE PRACH frequency hopping
Considering the impact of retuning time, PRACH hopping for Rel-13 low complexity MTC UEs in coverage enhanced mode cannot be too frequently. Because Doppler frequency shift is small for Rel-13 low complexity MTC UEs in coverage enhanced mode, so even with reduced frequency of PRACH hopping, such as multiple subframe hopping, considerable hopping gain is still expected [4]. At the same time, from the simulation result of [4], just two PRACH frequency position for one UE can achieve considerable hopping gain, therefore, in order to simplify the complexity of hopping pattern, we suggest that only two PRACH frequency positions are allocated for one UE when CE PRACH hopping is enabled. For example, PRACH hopping pattern is shown in figure 1 when PRACH configuration Index = 12 for FDD LTE.
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Figure 1：CE MTC PRACH hopping Pattern , PRACH configuration Index = 12 , FDD LTE
Proposal 2：Only two PRACH frequency positions are allocated for one UE when CE PRACH hopping is enabled
In order to get stable hopping gain for Rel-13 low complexity MTC UEs in coverage enhanced mode, it is better to make the PRACH time-frequency resources allocated for one UE between the two frequency locations nearly the same. But in legacy TDD LTE “PRACH-configIndex” related mapping table, some configurations do not meet the above condition. For example when UL-DL configuration = 3, PRACH configuration Index = 12, the ratio of time-frequency resources in two frequency locations is 3:1, therefore stable hopping gain is difficult to achieve. Thus, it is not recommended to support PRACH hopping for similar TDD configurations.
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Figure 2：PRACH resource allocation, UL-DL configuration=3, PRACH configuration Index=12, TDD LTE
Proposal 3：For Rel-13 low complexity MTC UEs coverage in enhanced mode, when PRACH hopping is enabled,  same number of hopping resources for each frequency positions should be allocated.
4 PRACH Power Ramping

For Rel-13 low cost MTC UEs in coverage enhancement, repetition is needed for successful RACH procedure. One unresolved problem is whether power ramping is still needed, or only maximum power level is allowed when repetition is used for PRACH. The argument for power ramping is it adds one more granularity dimension, therefore in certain scenario power saving could be achieved. 

However, effective power saving through power ramping is based on precise pathloss estimation. If this assumption cannot be guaranteed, power ramping not only increase the time of RACH procedure, but also add extra power consumption. Considering UEs in coverage enhancement have less accurate pathloss estimation, it is really doubtful that power ramping actually achieve the intended benefit.
In addition, for low CE level Rel-13 low complexity MTC UEs in coverage enhanced mode, such as CE Target =[0, 3dB], even if the PL estimation precision may meet the requirements, but given the very few number of that kind of UEs, it has no meaning to increase power ramping procedure just for the UEs.
Proposal  4：For Rel-13 low complexity MTC UEs in coverage enhanced mode，maximum power is used in PRACH transmission.
5 Conclusions

The coverage enhancement solutions for PRACH have been discussed in this contribution. We propose the followings:
Proposal 1：PRACH resources (time-frequency resource, Preambles) for Rel-13 MTC UEs are configured by eNB via SIB
· Up to 4 sets of independent PRACH configuration signaling for Rel-13 MTC UEs are configured by eNB via SIB
· PRACH configuration signaling for legacy UEs such as “PRACH-ConfigIndex”, “PRACH-FreqOffset”, “rootSequenceIndex”, “zeroCorrelationZoneConfig” are also suitable for Rel-13 MTC UEs
· FFS：Related mapping tables for legacy “PRACH-ConfigIndex”, “PRACH-FreqOffset”, “rootSequenceIndex”, “zeroCorrelationZoneConfig” need further optimization according to the characteristics of the Rel-13 MTC UEs.
Proposal 2：Only two PRACH frequency positions are allocated for one UE when CE PRACH hopping is enabled
Proposal 3：For Rel-13 low complexity MTC UEs coverage in enhanced mode, when PRACH hopping is enabled,  same number of hopping resources for each frequency positions should be allocated.
Proposal  4：For Rel-13 low complexity MTC UEs in coverage enhanced mode，maximum power is used in PRACH transmission.
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