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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]. This coverage improvement is for UEs with very low rate traffic and relaxed latency. In this contribution, we evaluate this coverage improvement and discuss some potential solutions.
2. Coverage Improvement
Although the link budget analysis from [2] shows that LTE coverage is better than GSM, coverage is still not ubiquitous. Some machine-type devices (e.g. smart meters) may be installed in locations with high penetration loss (e.g. in basements) and thus may not be able to receive LTE services. As a result, techniques for coverage improvement will be evaluated as part of the study item on low-cost MTC UEs. There are, however, two important points regarding devices that require coverage improvement [1] –
· These devices have very low data rate with relaxed latency. An example given in [1] is 100-byte uplink message with delay budget of 1 hour and 20-byte downlink message with delay budget of 10 seconds. Voice is not intended to be supported.
· These devices constitute a relatively small proportion of traffic and can be scheduled at quiet times.

Although not explicitly stated, it is reasonable to assume that devices requiring coverage improvement are also fixed (i.e. stationary).  In addition, not all of these UEs will require coverage improvement since some of them may still be within existing coverage range even after considering the additional penetration loss.  Given the small proportion and low priority of this traffic, it is important that coverage improvement techniques should have low impact to 3GPP specification as well as on the overall system design and performance. This is especially critical since the techniques considered here may not be applicable to normal LTE UEs where at least voice service support is needed. 
Table 1 summarizes the link budget for relevant LTE channels. In this case, the cell edge data rate was assumed to be 20 kbps, which may be considered a reasonable rate for normal LTE UEs supporting also voice services. From the table, several observations may be made –

· The LTE coverage is very much depending on the assumed eNB antenna configurations, i.e. the number of TX/RX antennas at the eNB. Therefore, the coverage for FDD system having mostly 2 TX/2RX antennas at the eNB is worse than TDD deployments using 8Tx/8Rx antennas at the eNB. For a system with 2Tx/2Rx, coverage may be worse for TDD than FDD.

· Coverage is uplink limited with the PUSCH or PRACH being the limiting channel.

· There is a substantial gap (approximately 5 dB) between downlink and uplink coverage for FDD. For TDD, this gap disappears due to the gain from having 8 Rx antennas.
In the SID, a 20dB improvement in coverage in comparison to defined LTE cell coverage for normal UE is envisioned. If the FDD PUSCH is taken as the baseline, then 20 dB coverage improvement will corresponds to an MCL of 160.7 dB. While it may be possible to extend the coverage of the PUSCH by 20 dB, coverage of other channels must be considered as well since the link budget must be balanced.

Table 1. MCL for normal LTE [2].
	Channel
	MCL (dB)

	
	FDD (2Tx/2Rx at eNB)
	TDD (8Tx/8Rx at eNB)

	UL
	PUCCH (1a)
	147.2
	149.4

	
	PRACH
	141.7
	146.7

	
	PUSCH (20 kbps)
	140.7
	147.4

	DL
	PDSCH (20 kbps)
	145.4
	148.1

	
	PBCH
	149.0
	149.0

	
	SCH
	149.3
	149.3

	
	PDCCH (1A)
	146.1
	146.9


In the downlink direction, from the table, it is seen that the link budget of the PBCH, SCH, and PDCCH will fall short by approximately 11-14 dB to achieve the ~ 160dB MCL. Without modifying the PBCH and SCH, this shortfall may be addressed through power boosting or longer time averaging at the receiver. Power boosting, however, may not be able to increase the received SINR sufficiently due to the corresponding increase in interference from other cells in a synchronized network faced e.g. with TDD. Longer time averaging can help but may be limited by factors such as synchronization timing requirement or PBCH update frequency. For the PDCCH, power boosting may also be used subject to the same concern regarding interference. Alternatively, the EPDCCH may be used. The EPDCCH can enjoy larger power boost due to its FDM structure. Interference can also be reduced using available ICIC schemes. In the uplink direction, the UE already is transmitting at the maximum power, so power boosting as such is not a possibility. However, extensive use of repetition may be considered for PUCCH and PRACH.  This will also help coverage of the PUCCH and PRACH where HARQ is not possible.
Proposal: Coverage improvement target should consider practical limitations in the common channels for both uplink and downlink. Improvement target should be based on PBCH and SCH coverage limitation without changes to their structures. 
3. Potential Solutions
In LTE, there are several existing proposals for work and study items addressing coverage improvement techniques [3]
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[4] as well as optimization for small data [5].   Optimization for small data can also be viewed in the context of coverage improvement as they can allow for more transmissions using the same amount of resources.  From a physical-layer perspective, there are several low-impact techniques that can be used to improve coverage significantly. They include –
· Increase transmission time (e.g. TTI bundling, HARQ, repetition): By allowing long transmission time, more energy can be accumulated to aid decoding in low SINR. For the data channel, the existing TTI bundling and HARQ mechanisms can be used. Extensions on TTI bundling may be needed. For the PRACH and PUCCH, additional repetition may be needed depending on the identified shortfall. 
· Increase reception time: For some channels such as the SCH and PBCH, the information being transmitted is static or semi-static. Therefore, already in legacy solution, longer averaging can be used by the UE to aid demodulation in low SINR.  Legacy UE may be able to combine up to four consecutive PBCH transmissions. Similarly, legacy UE can combine SCH transmissions over multiple subframes. This, however, may require a relaxation of the UE synchronization timing requirement if SCH integration, for example, is done over several minutes. 
· Code repetition: Code repetition (e.g. spreading) is a scheme that can be used to support data transmission in low SINR. It can be done in the time or frequency domain, or in both. In LTE, spreading is already being used on the PUCCH. Therefore, a straightforward extension may be to reuse PUCCH format 2 or 3 for PUSCH data transmission. This will also allow multiple MTC devices to be multiplexed on the same PRB, thus reducing MTC impact on system performance.
· Beamforming: Beamforming can be used to extend the coverage of the PDSCH. Feedback overhead should be minimal if the MTC UEs are stationary.
· Power boosting: In the DL, the eNB can boost power by stealing power away from other users or channels. In the uplink, this is not possible since UE is already transmitting at the maximum power level.
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 –
· Higher UE transmission power: In the uplink, high-power UEs may be introduced similar to ones being defined for public safety. For public safety, a UE class with maximum transmission power of 33 dBm can be used for Band 14 in Region 2.  A similar high-power UE class may be considered for MTC.  However, careful coexistence analysis must be performed to ensure that system performance is not adversely affected.  
· Multiple RX receiver chains: UEs can increase coverage by adding more RX receiver chains and antennas.  Currently, the Cat-1 UE can be assumed to have two receive antennas.  By increasing to four receive antennas, gain of 3-4 dB can be achieved. 
· Antenna configuration or placement:  Appropriate antenna configuration or placement may help significantly.  For example, an antenna (or an external antenna) with bigger gain can be used, or the antenna may be placed outdoors or remotely from the MTC UE.
· Repeater or relay: A repeater could be part of the network in places where many MTC UEs are in lack of good coverage or it could be a repeater for each an individual MTC UE that is placed experiencing coverage problems.  Similarly, a relay can be deployed to relay MTC traffic from home or a defined local area and deliver to/from the eNB. 
4. Conclusions
In this contribution, coverage improvement for low-cost MTC UEs is discussed considering practical limitations in the common channels for both uplink and downlink. It is proposed that the improvement target should be based on PBCH and SCH coverage limitation without changes to their structures.  Several possible techniques are also given and should be considered further.
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