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1 Introduction
In this contribution, we discuss further PRACH related issues. We discuss resource allocation for PRACH and how to multiplex UEs with different repetition levels.

2 PRACH resource allocations and multiplexing
2.1 PRACH resource configurations
The PRACH resource configurations defined in Rel-8 already covers a wide range of PRACH capacity up to an including PRACH transmissions in every subframe. With the agreement of having frequency hopping for PRACH transmissions and in case more resources are needed than with current configuration, additional PRACH resources need to be allocated in the frequency domain. For FDD, the frequency allocation is currently the same for all PRACH transmissions and this is signalled in the system information (prach-FreqOffset). For TDD, multiple frequencies are already used in some PRACH configurations, but these are at a constant offset to the signalled frequency offset. Based on this we propose that the additional resources for PRACH are based on the existing random access configuration defined in 36.211, but with different frequency offset(s) than the frequency offset used for legacy PRACH resources. Reusing the existing random access configurations will save standardization effort. 
Proposal:
· Additional PRACH resources are configured from one of the existing PRACH resources configurations defined in 36.211 with a different frequency offset than legacy PRACH resources. 
As shown in [1], coherent combining of preambles in adjacent subframes gives performance benefits. This requires resource allocations covering multiple subframes, but such already exists for the longer preamble formats. 

2.2 PRACH repetition starting point
Once the repetition level has been established, the starting point for the repetitions should be defined. Already in the study item it was agreed to that the number of repetitions as well as the starting subframe should be predefined or configured by higher layer signalling. With limited system information capacity, the need for configurability needs to be carefully considered. Given that there is already some flexibility in defining different starting positions for different PRACH configurations, we see no strong reason to have the starting point configurable.
Proposal:
· The starting subframe for each PRACH repetition should be predefined (with respect to the SFN and the PRACH configuration index).
2.3 PRACH multiplexing

How to multiplex legacy UEs, UEs with no coverage enhancements, UEs with coverage enhancements and when frequency hopping need to be decided for both cases when only legacy PRACH resources are available and when additional PRACH resources have been configured striving to minimize the additional resources needed.
Figure 1and Figure 2 show different multiplexing strategies.
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Figure 1: Multiplexing with frequency hopping between legacy and new PRACH resources 
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Figure 2: Multiplexing with different coverage enhancement levels in difference PRACH resources
From a system perspective, it is preferable that the additional resources are minimized through multiplexing as many UEs as possible to the legacy PRACH resource. PRACH transmissions from different UEs are orthogonal, but the near-far effect can lead to large variation in the received PRACH power level for different UEs, especially in case of coverage enhancements and the extent to which you can multiplex UEs with different coverage enhancements levels is a trade-off between required performance, PRACH load and resource use.
The decision on to what extent to multiplex the different groups of UEs can to a large extent be left up to network implementation as long as sufficient flexibility  in configuration of resources and allocation of groups of UEs to the available resources.   
Proposal:
· The PRACH resources allocation and mapping of UEs to the resources should be flexible to allow various level of multiplexing within the resources.
3 Conclusions

In this contribution we further discussed PRACH coverage enhancements and make the following proposals:
Proposals:
1. Additional PRACH resources are configured from one of the existing PRACH resources configurations defined in 36.211 with a different frequency offset than legacy PRACH resources.
2. The starting subframe for each PRACH repetition should be predefined (with respect to the SFN and the PRACH configuration index).

3. The PRACH resources allocation and mapping of UEs to the resources should be flexible to allow various level of multiplexing within the resources.
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