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1. Introduction

In RAN#57, the study item on provision of low-cost MTC UEs based on LTE was updated to include a 20dB improvement in coverage in comparison to defined LTE cell coverage for normal UEs [1]. Technical solutions and performance results addressing the feasibility of this feature have been presented in [2]-[7]. In this contribution, recommended conclusions are provided.
2. Coverage Enhancement Techniques
From a physical-layer perspective, there are several low-impact techniques that can be used to improve coverage. They include –

· Longer transmission time (e.g. repetition, TTI bundling, HARQ)

· Longer reception time
· Design new channels or signals

· Code repetition (e.g. spreading)

· PSD boosting
· RS boosting or increased RS density
· Relaxed requirement (e.g. higher false alarm/missed probability)

· Reduced payload (e.g. compact DCI, MIB)

Additional hardware features can also be considered based on enhancements to the reference hardware design. Although these features will increase cost, it may be an acceptable trade-off given the small population of coverage limited UEs. They include –

· Low power nodes (e.g. small cells, relays, repeaters, remote radio heads, etc.)
· Antenna configuration or placement

In addition, a reduced operation mode can be considered for coverage limited MTC where some channels (e.g. PCFICH, PHICH) are not used. 

From the performance results presented in [2]-[7], it is seen that, in general, longer transmission or reception time can be used to satisfy the increased coverage requirement. To reduce system impact, other complementary techniques may also be used. They include PSD boosting, RS boosting or increasing RS density, reducing the payload and relaxing the performance requirements. For instance, to reach the required coverage for the (E)PDCCH, a repetition factor of 100 is required on top of 8 CCEs [6]. If RS boosting is used, then the repetition factor can be reduced to 80. In addition, if a very compact DCI is adopted, then only 35 repetitions will be required.
3. Performance Impacts
Link-Level:
Table 1 summarizes the results presented in [2]-[7] and also provides additional results for 10dB and 15dB coverage improvement targets. From the table, several observations may be made –
· Extensive transmission time is required to satisfy 20dB coverage improvement – e.g. 200ms on the PUSCH and 50ms on the PDSCH.
· The required transmission time can be significantly shortened for smaller amount of coverage improvement. For instance, for the PUSCH, to achieve 10, 15, and 20dB coverage improvement requires transmission time of 16, 56, and 200ms, respectively.
· The required transmission time is significantly longer for uplink than downlink channels. For uplink-centric data traffic, this can result in large impact to cell spectral efficiency in the uplink.  The uplink may then become the limiting link in this case.
Table 1. Required transmission time for reference LTE UE (FDD).
	Channel
	Required Transmission Time (ms)

	
	20 dB Coverage Improvement
	15 dB Coverage Improvement
	10 dB Coverage Improvement

	UL
	PUCCH (1a)
	50
	14
	4

	
	PRACH
	400
	114
	32

	
	PUSCH
	200
	56
	16

	DL
	PDSCH
	50
	14
	4

	
	PBCH
	46
	13
	4

	
	PDCCH (1A) – 8 CCEs
	80
	23
	6


Table 2 provides estimated results when low-cost MTC UE is considered. In this case, the following cost saving techniques are used – reduced peak rate (1 Mbps), reduced bandwidth (1.4 MHz), and single receive RF chain. Both reduced bandwidth and single receive RF chain severely degrade performance of the downlink channels as shown in Table 2. Reduced bandwidth also impacts the uplink channels but to a smaller extent. Note that reduced transmit power, which will impact uplink coverage, is not considered here.
Table 2. Required transmission time for low-cost MTC UE (FDD) – 20dB coverage improvement.
	Channel
	Required Transmission Time (ms)

	
	Reference LTE UE
	Low-Cost LTE UE

(1.4 MHz BW, 1Rx)

	UL
	PUCCH (1a)
	50
	65

	
	PRACH
	400
	400

	
	PUSCH
	200
	250

	DL
	PDSCH
	50
	140

	
	PBCH
	46
	130

	
	PDCCH (1A) – 8 CCEs
	80
	220


Furthermore, half-duplex operation can introduce significant delay which may make it difficult to satisfy the reporting requirement (e.g. 100 bytes for uplink response within 10 secs from eNB command).

System-Level:
Although it is expected that these coverage limited devices will be scheduled during quiet period, there is still a considerable cost to increase system coverage by 20dB due to overhead channels and the large amount of resource each transmission requires. The overhead associated with the transmission of the system configurations (MIB/SIBs) and PRACH is substantial as these channels must be available all the time. For instance, the MIB alone is expected to require approximately 40-50ms, while the PRACH may take up to 400ms. Thus, without significantly reducing their periodicity, these channels can take up disproportionate amount of resource. This is especially true if reduced bandwidth (e.g. 1.4MHz) is also adopted for MTC UEs. 
In [5], the approximate PUSCH resource utilization under 3GPP Case 3 was analyzed using the scenarios and traffic model from [8]. From the analysis, it was seen that the PUSCH resource utilization increases significantly as more smart meters are put in poor coverage. For instance, assuming the number of homes per cell from Tokyo in a 10MHz LTE system and 100% of the smart meters experience 20 dB additional pathloss (e.g. all are installed in the basement), approximately 4.1% of the PUSCH resource were needed to support this service alone. For 1.4MHz system, this is equivalent to 34% of the PUSCH resource. Note that the analysis assumes only daily reporting period (i.e. 1 report per day). Random access and RRC establishment were also not considered.
Another issue that must be considered is the control channel limitation. For instance, using aggregation level 8 for PDCCH and 100 repetitions for 10 MHz, 800 CCEs will be taken by one single device for a single transmission. This may be seen as 400 missed scheduling opportunities assuming an average CCE aggregation level of 2. Alternately, it can be viewed as being able to schedule only one device in the downlink in 38 subframes (assuming CCEs are equally split between uplink and downlink scheduling). This overhead may be significantly worse for low-cost MTC devices with reduced bandwidth and single receive antenna.

From the analysis, it can be seen that there is a considerable loss to cell spectral efficiency if coverage is to be increased by 20dB. This is true even when coverage enhancement is optimized (e.g. by not requiring some channels like PHICH or PCFICH, using overhead reduction, or through combination of enhancement techniques). To reduce the impact to system performance, it is worthwhile to consider reducing the target amount for coverage improvement (e.g. 10dB or 15dB instead of 20dB).
4. Specification Impacts

Specification changes will be required to support coverage enhancement for MTC. The extent of the changes depends on the techniques being adopted. For the following techniques, they may include, for example,
· Longer transmission time (e.g. repetition, TTI bundling, HARQ) and code repetition (e.g. spreading) – 
· Data channels: repetition scheme, HARQ timing, control/data timing relationship, resource mapping, frequency hopping, etc.
· Control channel: multi-subframe transmission, search space, aggregation level, etc. 
· Random access channel: new preamble format, dedicated resource for MTC, resource allocation, etc.
· Design new channels or signals – MIB/SIB redesign, PBCH periodicity and repetition, PSS/SSS signal, random access sequence, etc.
· Increased RS density – new RS design, RE mapping, rate matching, etc.
· Reduced payload –DCI optimization for MTC, reduced MIB/SIB information, system information acquisition, etc.
Although not all changes listed above will be required, it can be seen that significant changes will be required to the specifications to support this feature as changes will be required for almost all existing channels. Further optimization (e.g. new PSS/SSS signal or random access sequence) will also have specification impact.
5. UE Cost and Complexity Impacts

Based on some the coverage enhancement techniques being considered, the impact to UE cost and complexity may be summarized as follows –
· Longer transmission time at the UE – no significant impact on UE cost and complexity
· Longer reception time at the UE – some cost impact due to larger buffer size required to store data across subframes, complexity may increase due to added features e.g. non-coherent combining, multi-subframe channel estimation, etc.
· New channels or signals – additional complexity to handle new channels or signals (larger impact for downlink channels/signals)
Furthermore, in all cases, UE power consumption and latency are expected to increase significantly due to longer transmission or reception.
6. Conclusions
Based on the analysis performed, the following conclusions may be drawn regarding the study on coverage enhancement for MTC –

· Coverage requirement can be achieved through longer transmission or reception time and other techniques. For all channels/signals except for the PSS/SSS, extensive transmission is required to achieve 20dB coverage improvement. 
· There is considerable impact to cell spectral efficiency even if coverage limited devices will be scheduled during quiet period.
· To reduce the impact to cell spectral efficiency, consider
· Reducing the target amount for coverage improvement (e.g. to 10dB or 15dB instead of 20dB).
· Combination of coverage enhancement techniques e.g. longer transmission time + RS boosting + payload reduction can be used for the (E)PDCCH.
· Some cost reduction techniques will further reduce coverage (e.g. bandwidth reduction, single receive RF chain, transmit power reduction) or reduce data rate (e.g. half-duplex).
· Design should take into consideration impacts from cost reduction techniques.
· Considering the number of channels/signals affected, significant changes to the specifications will be required to support this feature.
· Coverage improvement techniques may increase the cost and complexity of the UE.
It is therefore proposed to capture the above conclusions in the study item report. 
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