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1. Introduction

As part of the coverage improvement work, a mechanism to identify the amount of UE coverage shortfall is needed to allow support for scalable coverage enhancement solutions [1]. In this contribution, we examine possible operating principles for this mechanism.
2. Mechanism to Identify Coverage Shortfall
In [2], coverage shortfall is defined with respect to the coverage of the worse UL or DL channel assuming nominal LTE cell-edge data rate (e.g. 20 kbps). From [1], coverage improvement features should support scalable solutions including a mechanism to inform the eNB of the amount of coverage improvement required by the UE. This means that several coverage improvement levels could be supported, for example 5dB, 10dB, and 15dB. Balanced downlink and uplink coverage will be provided.  

The main techniques likely to be used for coverage improvement include repetition/TTI bundling and extension to PSD boosting. By identifying the coverage shortfall, these techniques can be scaled to provide coverage while minimizing the impact to system spectral efficiency (e.g. different repetition amounts or power boosting levels). In addition, simplified operation without requiring explicit PHICH and PCFICH is also being studied.
Figure 1 illustrates the RRC connection setup message sequence prior to establishment of service assuming UE-originated traffic.  In general, the sooner the eNB is aware of the UE coverage shortfall, the better.  Otherwise all messages prior to acquiring this information may have to be transmitted with the maximum amount of redundancy.   Because UEs in coverage limited situations will transmit using the maximum power, it can be hard for the eNB to accurately determine the amount of coverage shortfall from UL SINR estimation.  Instead, the UE is best to determine this amount with respect to nominal cell coverage.  
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Figure 1. RRC connection setup message sequence.

To determine the amount of the coverage shortfall, however, will require some information from the eNB regarding what is the nominal coverage of the cell. Naturally, this determination is at the discretion of the network and depends on factors such as supported cell edge data rate, hardware performance, and network deployment.  For example, eNB could broadcast a reference DL pathloss value corresponding to nominal cell coverage.   A UE with measured pathloss greater than this value will know that it is in extended coverage mode and able to determine the amount of coverage shortfall.  It may then act accordingly, for example, by using the PRACH format for extended coverage. Alternatively, another downlink channel measurement such as RSRP/RSRQ may be used. 
Proposal: eNB should broadcast information to help UE determine its coverage shortfall (e.g. DL pathloss or RSRP/RSRQ corresponding to nominal cell coverage).

From Figure 1, it is seen that coverage information can be conveyed by the UE using the random access preamble, RRC connection request message, or RRC connection setup complete message. If this information can be conveyed via random access preamble, it would provide the most benefits as for the messages following the preamble already some scalable coverage enhancements can be applied.  There are several techniques than can be used to convey information using the preamble without radically modifying the existing PRACH structure.  They are, namely –

· Implicit indication using preamble or channel selection.  For example, different preamble sets can be used to convey different coverage shortfall amount.  Similarly, different PRACHs may be configured (e.g. using different repetition factors) with UE selecting the channel corresponding to its coverage shortfall.
· Explicit indication of coverage shortfall. For example, by using modulation (e.g. QPSK) on top of preamble to inform eNB of coverage enhancement amount (e.g. 0, 5, 10, 15 dB), or via spreading code.  Similarly, a modified preamble structure can be used, e.g. the PRACH preamble consists of two segments, with the coverage shortfall can be indicated using the phase difference between two segments of PRACH to indicate the shortfall.
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.  Because the PRACH is always present regardless of actual access attempts, it may be prudent to limit the amount of information to be conveyed on the PRACH. For example, one-bit can be used to indicate large or small amount of coverage shortfall.
Proposal: Limited information regarding the coverage shortfall 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.  At this stage, however, only coarse estimate is needed for the eNB to select the appropriate repetition factor for the random access response message on the PDSCH (assuming lowest MCS level will be used) as well as for the DCI on the PDCCH.
In the RRC connection request message, however, the UE can send complete information regarding its coverage shortfall. This can be used to provide more granularities (e.g. repetition factor or boosting level) as well as to verify information detected in the preamble stage.  Alternately, the information from the RRC connection request message can be used to combine with information from the preamble to arrive at a more complete information.
Proposal: Consider sending additional or complete information regarding coverage shortfall in the RRC connection request message.
After RRC connection has been established, the UE may retain this information for an extended amount of time (e.g. if UE is kept in connected mode for an extended amount of time to reduce overhead). The eNB can configure UE to report the changes in coverage its pathloss changes by a certain amount.
3. Conclusions
In this contribution, we examine possible operating principles for a mechanism to identify the amount of UE coverage shortfall.  Based on our analysis, several proposals are made.  They include –
· eNB should broadcast information to help UE determine its coverage shortfall (e.g. DL pathloss or RSRP/RSRQ corresponding to nominal cell coverage).
· Limited information regarding the coverage shortfall may be conveyed using the PRACH.
· Consider sending additional or complete information regarding coverage shortfall in the RRC connection request message.
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