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1 Introduction

The Work Item (WI) on MTC UEs was agreed in [1]. With respect to the coverage enhancement target, there are two aspects specified in the WI that have the largest impact; the use of 1 Rx antenna (for DL channels) and the target for a 15 dB coverage enhancement (for FDD).

This contribution considers aspects associated with coverage enhancements for the initial random access procedure and also considers aspects associated with scalability of coverage enhancements for MTC UEs.

2 Coverage Enhancements for UL/DL Channels
For the PRACH, a coverage enhancement of 14 dB is needed for the RA preamble (PDSCH/PUSCH coverage enhancement techniques apply for RAR/msg3/msg4). A relaxed miss probability, as specified in the WI description, can considerably improve coverage and a 10% miss probability allows for a gain of ~5 dB [2]. RA preamble repetition is then needed to cover the additional 9 dB gap. Similar to HARQ-ACK transmissions in a PUCCH, Rel-11 specifications already allow for RA preamble repetitions (format 2 and format 3) and the additional specification impact can be small as a few more additional RA preamble repetition formats can be defined to provide the additional coverage gain.

Observation 1: A relaxed miss probability together with the definition of a RA preamble format allowing for more repetitions than supported in Rel-11 are sufficient to achieve the coverage enhancement target for PRACH. 

Using the RA preamble to indicate coverage enhancement requirement

Another issue with the RA preamble transmission relates to the UE selecting an associated set of resources (sequence, subframes, RBs) for the RA preamble transmission in order to implicitly indicate its path-loss (PL) - each set of RA preamble resources is associated with a PL range. The eNodeB can subsequently adjust a repetition level for the transmission of DL/UL channels to/from an MTC UE as needed (scalability) in order to avoid unnecessary overhead/latency/power consumption in case a smaller coverage enhancement than the maximum one is required. 

There are several aspects that need to be considered for such an approach. First, it is noted that the conventional approach for determining a coverage enhancement requirement by using an RSRP report (possibly together with other means) remains valid for MTC UEs (as for conventional UEs). Therefore, a benefit of using the RA preamble to indicate a coverage enhancement level is limited to the random-access procedure for initial network access as there is no benefit for other DL/UL transmissions or for PRACH transmissions for re-establishing synchronization as a respective coverage requirement can be adjusted by the network after initial access. 
Using the RA preamble to indicate a required coverage enhancement level can only provide coarse adjustments that the network will later have to re-adjust in order to avoid unnecessary overhead/latency/power consumption. For example, if different PRACH repetition procedures/resources are defined for additional coverage levels between [0 5] dB, [5 10] dB, and [10 15] dB, the respective granularity is too coarse for properly adjusting the coverage enhancement level and can lead to a ~100% dimensioning error, on average, compared to an RSRP report (possibly combined with other means such as packet error statistics) a network can use to more accurately adjust a coverage level. Therefore, unless a very fine granularity for the RA preamble resources according to a respective coverage enhancement level is defined, the PRACH procedure for initial network access should not be used by a MTC UE to (implicitly) indicate a coverage enhancement requirement to a serving eNodeB. Introducing fine granularity (e.g. in steps of 1 dB) for RA preamble resources results to increased complexity and, depending on how such resources are allocated, to increased latency or overhead. In essence, given that the resource requirements for RA preamble transmission associated for initial network access are minimal compared to resource requirements for transmission of other channels (especially for PUSCH), a reduction respective resources (e.g. reducing by half an already minimal overhead if two coverage enhancement levels are used and a UE has an equal probability in using one of the two levels) is not meaningful considering the associated specification and implementation complexity.
In addition to increasing specification complexity without offering meaningful benefits, using the initial PRACH procedure to indicate a coverage requirement for a respective MTC UE requires a network to partition the PRACH resources according to possible coverage enhancement levels that can be indicated by an initial PRACH transmission. Two approaches can be envisioned. A first approach is to allow all RA preamble sequences to be used for each of the possible coverage enhancement levels, for example by associating different subframes or different RBs with a PRACH procedure for each coverage enhancement level. This approach has the advantage of not increasing collision probability among RA preambles for different MTC UEs but can eventually result to worse coverage as, due to the increased number of hypotheses an eNodeB needs to consider, the false alarm probability (Pfa) will need to tighten thereby negating most of the coverage gains allowed by increasing Pfa from 1% to 10%. For example, in order to support two coverage enhancement levels, the Pfa will need to be ~5% instead of 10% thereby resulting to a coverage loss of ~3 dB. A second approach is to keep a same total number of resources and divide them among the different enhancement levels. This approach does not impact the RA preamble detection performance but requires a network to know the coverage enhancement required by MTC UEs before initial access. Any misalignment of resources among different coverage enhancement levels will result to increased collision probability in one set of resources and to resource under-utilization in another set of resources. Nevertheless, given that MTC UEs requiring coverage enhancements are low/no mobility ones, a collision probability for initial network access is expected to be negligible but the same holds for the respective amount of required resources.   

Observation 2: Using the initial PRACH procedure for a MTC UE to indicate its coverage requirement does not provide meaningful benefits while it increases specification and implementation complexity.   

Path-Loss/RSRP Measurements for Coverage Limited MTC UEs
In [3], the absolute RSRP accuracy requirement is defined as (6dB at SINR -6dB. This requirement includes RF impairments (~3dB) and the baseband requirement is (3dB. It is expected that the requirement for RF impairments will not improve for MTC UEs and can be assumed to be same as for Category 1 UEs. For the RSRP measurement, the sampling rate is 40ms for all reporting periods and for each measurement (1 subframe in 40ms) an RSRP value is generated and the final RSRP report is the average of these values within a measurement period (e.g. for 200/800 ms measurement period the RSRP report is the average of the 5/20 values). Noise is estimated separately for each measurement without averaging across subframes.
Figure 1 shows the RSRP baseband measurement accuracy for various SINR values and averaging over 1 subframe as in [3]. It is observed that while a highly accurate RSRP measurement is obtained at -6 dB SINR (non-coverage limited operation as for legacy UEs), for a -18 dB SINR corresponding to a 12 dB coverage enhancement, the RSRP accuracy is significantly degraded with a median error approaching 9 dB. Clearly, using RSRP (and therefore using a PL estimate) to adjust the coverage level for a MTC UE can be problematic.
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Figure 1: RSRP Error Distribution for Measurement in 1 Subframe.
Extending the measurement period over multiple subframes can improve the RSRP accuracy as the effective SINR is improved due to the longer coherent averaging. Figure 2 shows the RSRP baseband measurement accuracy for various SINR values and averaging over 2 subframe and 4 subframes. The RSRP measurement accuracy for a 6 dB coverage enhancement is significantly improved but substantial errors remain for a 12 dB coverage enhancement. Clearly, for a large RSRP error, dimensioning a coverage enhancement level based on the RSRP measurement will be problematic. An alternative to exclusively using a RSRP report to determine a coverage enhancement level is to also rely on the network implementation. For example, a network may also determine a required coverage enhancement based on ACK and NACK/DTX feedback from a MTC UE (assuming that HARQ-ACK feedback on PUCCH is supported as using higher layer ARQ can be significantly more inefficient [4]). Moreover, any approach that involves a network implementation obviously precludes a coverage enhancement level solely determined by a MTC UE. In any case, a LS to RAN4 for guidance can be helpful for subsequent discussions in RAN1. 
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Figure 2: RSRP Error Distribution for Measurement in 2 Subframes and in 4 Subframes.
Observation 3: The RSRP measurement accuracy can be a limiting factor in the ability to adjust a coverage enhancement level for a MTC UE. Sending an LS to RAN4 for guidance on the RSRP accuracy that can be expected for coverage limited MTC UEs can be helpful in subsequent discussions.
3 Conclusions

This contribution considered issues related to PRACH operation for coverage limited MTC UEs and concludes the following:

Observation 1: A relaxed miss probability together with the definition of a RA preamble format allowing for more repetitions than supported in Rel-11 are sufficient to achieve the coverage enhancement target for PRACH. 

Observation 2: Using the initial PRACH procedure for a MTC UE to indicate its coverage requirement does not provide meaningful benefits while it increases specification and implementation complexity.   

Observation 3: The RSRP measurement accuracy can be a limiting factor in the ability to adjust a coverage enhancement level for a MTC UE. Sending a LS to RAN4 for guidance on the RSRP accuracy that can be expected for coverage limited MTC UEs can be helpful in subsequent discussions.
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