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1 Introduction
At the RAN1#72bis meeting, coverage enhancement techniques for low-cost MTC UEs were further discussed regarding channels such as PSS/SSS, PBCH, PRACH, PUSCH/PDSCH, PUCCH, and (E)PDCCH, and text proposals for TR 36.888 [1]-[7], which capture potential techniques in each channel, their gains, and impacts on spec, UE power consumption, and cell spectral efficiency, were agreed via email discussion.  

To conclude the SI, following observations and agreements were made:
Observations:

· To minimize system impact, it is important to only provide MTC UEs with the amount of coverage compensation that they need
· 36.888 sec 9.1 “Not all UEs will require coverage enhancement, or require it to the same amount. It should be possible to enable the techniques only for the UEs that need it.”

· The resources for the common channels (PBCH, PRACH) must target the worst condition MTC UE irrespective of the number of MTC UEs, and therefore are of significant importance for operational efficiency for operators
Agreements:
· The section 9.5 TPs addressing the common channels should include text on any observable diminishing returns for a technique

· Example: ~200 repetitions are required for 20dB, but ~50 repetitions are required for 17dB
· The RAN1#73 SI conclusion can capture diminishing returns with increase in resource utilization for coverage improvement
In this contribution, we discuss trade-off between coverage enhancement and operational efficiency of the system, and the necessity of new design for PBCH and PRACH.
2 Discussion 
2.1 Cell search and synchronization
The study showed that required coverage improvement for PSS/SSS (11.4 dB for FDD and 17.4 dB for TDD) can be achieved by non-coherent accumulation of the existing PSS/SSS signals with a longer acquisition time up to 2 seconds [1]. Considering that coverage-limited low-cost MTC UEs are likely to be devices without mobility, once the MTC UE acquires a cell ID during the first-time access to the network, it can perform re-synchronization much faster and accurately by using the previously acquired cell IDs (provided no changes to the local network configuration). Thus, it is expected that the increase in UE power consumption due to initial longer acquisition time would have limited impact. In contrast, introducing new higher density synchronization channels will degrade spectral efficiency, increase UE cost as UE needs to support both legacy and new synchronization channels (not all networks may need and transmit higher density synchronization channels), increase UE testing and IOT efforts. Thus, it does not seem to be necessary to introduce a new PSS/SSS signal.
Observation 1: Longer acquisition time during the first-time access to the network is expected to have limited impact on the overall UE power consumption.
Proposal 1: Re-use the existing PSS/SSS for the coverage-limited MTC UE.
2.2 System information
In order for the coverage-limited low-cost MTC UE to be able to camp on and access the network, reliable reception of broadcast signalling such as paging messages and System Information (SI) messages is critical. For the static MTC UE with LTE-only capability, MIB and part of information carried by SIB1, and SIB2 are needed. 
It is observed from the study [2] that combination of repetition of the current PBCH on every subframe of the radio frame and PSD boosting (e.g., 4 dB) within 40 ms can achieve the coverage improvement required for PBCH in FDD systems (11.7 dB for FDD). However, both power boosting and repetition will cause significant overhead on the system, if PBCH transmission is targeted for the coverage-limited MTC UE all the time. In addition, SIB1 and SIB2 delivered by PDSCH/PDCCH also require a large number of times of repetition, e.g. ~100 times for PDCCH and PDSCH, respectively. Thus, delivery of system information in MIB, SIB1, and SIB2 may need to be re-designed in order for the network to be able to serve coverage-limited low-cost MTC UEs without causing significant system overhead. 
A new PBCH targeted for the coverage-limited MTC UE, called “MTC-PBCH”, can include necessary information from the current MIB, SIB1, and SIB2, and can be broadcast with much longer period, e.g. 1 hour during day time and 1sec during quiet time, depending on MTC traffic requirements. The frequency location of MTC-PBCH should be center 6 PRBs, as the MTC UE does not have knowledge on the system bandwidth. MTC-PBCH should avoid collision with legacy common channels and signals (PSS/SSS, PBCH, PDCCH region), and may use all of the available OFDM symbols in a subframe to support lower code rate or repetition.   
Note that longer periodicity of PBCH with reducing the bits for SFN (e.g. 80ms or 160ms periods for reduction of 1 or 2 bits, respectively) would increase UE blind decoding complexity for PBCH, which is not preferable for low-cost MTC UE. Hence, it would be preferred that the new MTC-PBCH also has 40ms period, unless a payload size for MTC-PBCH requires longer periodicity for reliable reception.  
Proposal 2: Efficient delivery of broadcast signalling (system information on MIB, SIB1, and SIB2, paging, RAR etc.) needs to be studied to serve coverage-limited MTC UEs.
2.3 Random access 
The study showed that the required PRACH coverage improvement (19dB for FDD and 20 dB for TDD) can be met by ~200 times preamble repetition and/or new preamble format, or ~100 times repetition with relaxed PRACH detection requirement, i.e. increasing the maximum allowed probability of missed detection from 1% to 10% [3]. The required repetition times are lower when 10% missed detection is targeted. However, increased PRACH missed detection would cause more frequent retransmission from the MTC UE and may result in longer delay for connection set-up , uplink re-synchronization, and PRACH based SR. Thus, it is desirable for the MTC PRACH performance to be similar to normal UE case (i.e., target the detection probability of 99% or higher and the false alarm probability of 0.1% or less).
If dedicated resources are configured for coverage-limited MTC UEs to avoid higher collision probability with normal UEs, repeating a legacy PRACH preamble on multiple legacy PRACH time slots would waste radio resources in terms of using multiple guard times for one bundled PRACH transmission, which is based on the same sequence. Hence, it may be desirable to define new PRACH preamble formats with new longer sequences or repetition of existing sequences and corresponding PRACH time slots for coverage-limited MTC UEs. A longer sequence design can provide a larger number of orthogonal sequences, which is also beneficial to solve potential PRACH overload issues for MTC UEs.  
On the other hand, scalability of PRACH overhead is needed to provide appropriate coverage enhancement required for each MTC UE and to avoid unnecessary UE power consumption and waste of radio resource. Thus, combining new longer PRACH preamble formats with PRACH repetition may be necessary. A repetition level can be selected by the MTC UE from a predefined set of values, based on its path loss estimation. Details on PRACH resource configuration for PRACH repetition needs to be further studied, taking into account trade-off between the eNB PRACH receiver complexity (e.g. the number of blind decoding) and flexible resource utilization.
Finally, PSD boosting with PRACH transmission over a narrower bandwidth is not preferred since it may degrade the timing estimation accuracy. In addition, multi-cluster PRACH transmission, which places smaller number of PRBs apart in frequency, is not desired especially for coverage-limited MTC UE due to increase in needed PA output power back-off (i.e., higher MPR). 

Proposal 3: New PRACH preamble format with longer sequence and PRACH resources allocation for PRACH repetition need to be further studied. PRACH for coverage-limited MTC UE should be designed to target 1% or less missed detection probability and 0.1% or less false alarm probability. 
3 Conclusions

In this contribution, we discuss issues of MTC coverage enhancement regarding cell search and synchronization, system information acquisition, and random access, which are important for UE’s access to the network and make significant impact on system efficiency.
Based on the discussion in Section 2, we propose the following:
Proposal 1: Re-use the existing PSS/SSS for the coverage-limited MTC UE.
Proposal 2: Efficient delivery of broadcast signalling (system information on MIB, SIB1, and SIB2, paging, RAR etc.) needs to be studied to serve coverage-limited MTC UEs.
Proposal 3: New PRACH preamble format with longer sequence and PRACH resources allocation for PRACH repetition need to be further studied. PRACH for coverage-limited MTC UE should be designed to target 1% or less missed detection probability and 0.1% or less false alarm probability.
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