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1. Introduction

In RAN1#74bis, the following agreements regarding the PRACH were made –

· 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

· FFS: For initial random access, there is one to one mapping between PRACH repetition level and PRACH resource set. UE selects a PRACH repetition level and transmits the PRACH preamble using the PRACH resource set according to the selected PRACH repetition level

· FFS: details of PRACH resource set, repetition levels

· FFS: details of random access procedure including initial selection for repetition level

· FFS during initial random access procedure if repetition level associated with transmission of Msg2/3/4 can be semi-statically configured, dynamically signalled, or predefine

· Continue investigations on frequency of initial random access with specific proposals how UE will determine PRACH repetition level for initial access, how respective resources will be signalled, until RAN1 #75 meeting
Furthermore, the following working agreement was made –

· Repeating the existing preamble formats for PRACH enhancement 
· Relaxing PRACH requirement is FFS

· Frequency hopping is FFS
In this contribution, we provide our views on some of the issues still under consideration.
2. PRACH Coverage Enhancement

The working assumption is that PRACH coverage enhancement is done by repeating the existing preamble formats. However, relaxing PRACH requirement and frequency hopping is FFS. Repeating the existing preamble formats provides several advantages – it can easily be adopted for TDD, there is no need to define a new format, easy support for frequency hopping, and it can support multiple repetition levels using the same PRACH format. Implementation and specification changes are also easier. The main disadvantages of this scheme are (1) overhead due to additional CP being transmitted and (2) higher latency since not all symbols in the subframe can be used. Repetition, however, is preferred due to its straightforward applicability to TDD and easy support for frequency hopping.
Proposal: Repetition of existing preamble formats should be used for PRACH coverage enhancement.

For large system bandwidth, a good approach to improving the PRACH performance is to introduce frequency hopping as shown in Figure 1. This can provide significant gain especially for MTC UEs with limited or no mobility. Link-level gains of 1-3 dB can be observed when frequency hopping is introduced. This can reduce the number of repetitions required significantly. For example, with frequency hopping the number of repetitions required for 15dB coverage enhancement level may reduce from 100 to 70. The hopping pattern may be pre-configured via SIB2 or fixed based on initial allocation and system frame number.  
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Figure 1. PRACH with frequency hopping.

From a complexity perspective, frequency hopping does not add additional complexity to the PRACH detector if repetition of a preamble format is used. There are, however, some impacts to implementation and specifications.  
Proposal: Frequency hopping should be supported on the PRACH for coverage enhancement.
Frequency hopping can be used to improvement performance as seen above. However, the number of repetition required for 15dB coverage enhancement is still quite high (e.g. approximately 70). Because the PRACH channel is always present regardless of actual access attempts, the overhead from PRACH coverage enhancement can be quite high especially for systems with lower bandwidth. To reduce this overhead, the network can configure enhanced PRACH with longer period. This however will increase the latency for system access. 
Alternatively, the network can relax the PRACH requirement to reduce the number of repetition. One possibility is to relax the probability of detection from 1% to 10%. From [3], it can be seen that this leads to an improvement of about 5-6 dB. Relaxing the detection probability can lead to more transmissions by the UE but this can be helped by also relaxing the false alarm probability (currently at 0.1%). This can help lower the detection threshold and provide a balance between false alarm and missed detection. Note that the requirements may be relaxed only for the 15dB coverage enhancement level since other levels may not require significant amount of repetitions.
Proposal: It should be possible to relax the PRACH requirements in coverage enhancement mode at least for the 15dB coverage enhancement level.
3. Initial Access Procedure

In RAN1#74bis, it was agreed that after the initial random access procedure, for a physical channel using repetition, the repetition level is up to network. Initial random access procedure in this case refers to access after power-up or after cell reselection. For other access instances, repetition level would have already been configured by the network since UE requiring large coverage enhancement is assumed to be stationary.   
The following procedure outlines UE initial access procedure in coverage-limited scenarios and indication to the eNB for the coverage shortfall –

1. UE enters coverage enhancement mode when it exceeds a time threshold for either synchronization or PBCH detection.

2. UE demodulates MIB and SIBs under coverage enhancement mode (e.g. using repetition and multiple decoding attempts).
3. UE selects the appropriate extended PRACH transmission based on its pathloss or RSRP/RSRQ measurement.

4. A default repetition factor and PSD boosting level are used by the eNB based on UE’s selected PRACH.

5. UE transmits additional information (e.g. RSRP/RSRQ report) regarding its coverage to help eNB with coverage determination.
6. The network refines repetition factor and PSD boosting level based on UE’s measurement reports.

There are several techniques than can be used to convey coverage information using the PRACH, e.g. implicit indication using preamble or channel selection, or Explicit indication  using data modulation or modified phase difference. The capacity of the PRACH, however, is limited by the both the channel capacity and the processing capability of the eNB. Having to also communicate the coverage shortfall amount together with the preamble will further reduce the PRACH capacity, resulting in higher PRACH overhead. Therefore, only a limited amount of information may be conveyed using the PRACH.
Based on successfully detecting the preamble on the PRACH, the eNB will have some knowledge of the amount of coverage shortfall associated with this UE. Subsequently, the UE can send measurement reports (e.g. RSRP or RSRQ) to help the network determine the proper amount of coverage enhancement. This can be used to provide more granularities (e.g. repetition factor or boosting level) as well as to verify information conveyed by the PRACH.
Proposal: Limited (coarse) information regarding the coverage shortfall may be conveyed using the PRACH. Detailed measurement reports (e.g. RSRP or RSRQ measurements) can be transmitted subsequently by the UE.
4. Conclusions
In this contribution, we examine PRACH coverage enhancement and several proposals are made.  They include –
· Repetition of existing preamble formats should be used for PRACH coverage enhancement.
· Frequency hopping should be supported on the PRACH for coverage enhancement.
· It should be possible to relax the PRACH requirements in coverage enhancement mode at least for the 15dB coverage enhancement level.
· Limited (coarse) information regarding the coverage shortfall may be conveyed using the PRACH. Detailed measurement reports (e.g. RSRP or RSRQ measurements) can be transmitted subsequently by the UE.
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