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1
Introduction
In this paper, we present an overview of the coverage enhancement techniques for MTC devices. Based on the analysis, we propose to capture the following in the SI report:

“When applying extended TTI bundling for coverage enhancements, we need to consider the following aspects:

1. The TTI bundling gain depends on the phase continuity/phase noise from the transmitted signal. The extent of TTI bundling should be decided based on RAN4’s feedback.
2. The overhead and inefficiency of extended TTI bundling should be considered, especially for bundled broadcast channels, which are duplicated from redular PBCH and SIB. 
3. The impact of TTI bundling on power consumption should be considered for battery operated devices.  
4. Impact of introducing long bundled operation for PBCH, PDSCH, PDCCH, PHICH, PUSCH, PUCCH, RACH channels on specification and implementation needs to be considered
 The necessity of introducing extended bundling for these channels needs further investigation.
Other techniques, such as small cell deployments, should be considered for MTC applications. Small cell deployment can meet the following MTC design goals: 
1. Coverage enhancements: by reducing the path loss to the closest nodes, small cell deployment can significantly improve coverage. 

2. Co-existence: small cell deployment benefits both capacity enhancements for regular phone service as well as coverage enhancements for MTC
3. Low power: comparing to long TTI bundling to overcome large path loss, small cell deployment allows much more power efficient operation from MTC 

4.  Low cost: all cost reduction techniques studied so far in the SI can still be considered and no strigent requirements on the RF and baseband processing as in extended bundling. 
5. Implementation: little impact on eNB implementation and simple unified approach for MTC implementation instead of separate operations of devices in coverage limitations. 

6. Speficiation: can focus on cost and power reduction techniques as well as small cell enhancements for MTC operations. 
For battery operated devices, additional optimization should be considered for power optimization. This should be considered for MTC in both coverage limitation and good coverage cases. A separate section can be introduced to address the battery operated devices focusing on power efficient operation. ”
2
Discussions on Requirements
2.1
MTC Requirements 
Increasing the link budget by 20 dB for MTC, as required in [1, 2], may have large impact on the overall system design, including:

· Standard specification

· HW/SW implementation of eNB and UEs

Before we discuss detailed design approaches for coverage enhancements, it is important to understand clearly the requirements and goals. At the high level, we need to meet the following four requirements:
Cost: The main objective of the SI is drive down the cost of LTE MTC device to be comparable to GSM 
· It is envisaged that MTC UE’s will be deployed in huge numbers, large enough to create an eco-system on its own. Lowering the cost of MTC UE’s is an important enabler for implementation of the concept of “internet of things”[2].
Coverage: 20 dB enhancements compared to normal LTE
· A 20dB improvement in coverage in comparison to defined LTE cell coverage footprint engineered for “normal LTE UEs” should be targeted for low-cost MTC UEs, using very low rate traffic with relaxed latency (e.g. size of the order of 100 bytes/message in UL and 20 bytes/message in DL, and allowing latency of up to 10 seconds for DL and up to 1 hour in uplink, i.e. not voice). In identifying solutions, any other related work agreed for Release 12 should be taken into account [1].
Co-existence: MTC service will co-exist with regular phone services within the same frequency band
· As part of the analysis of the different solutions, any impacts on backwards compatibility with existing LTE network shall be evaluated and justified, as well as impact on the operation of legacy LTE Release 8-10 UEs and Release 8-10 LTE system performance [2].

Power Efficiency: 

· MTC UE’s used for many applications will require low operational power consumption and are expected to communicate with infrequent small burst transmissions [1] 
It is important to jointly consider these requirements for the design tradeoff, some examples include:
· If we target “internet of things” as the application, then cost and power are the main considerations
· If we target meters in the basement, then coverage is the main consideration. 
· If we target devices that are battery operated, such as gas meter, then power consumption is equally important to cost

Observation 1: 

· It is important to keep cost, power, co-existence and spectral efficiency impact in consideration when discussing coverage enhancement techniques. 
2.2
MCL for MTC Devices
Based on simulation results from [2], if we target 160 dB MCL, the following coverage enhancements are needed for each of the channels: 
	Physical channel name
	PUCCH
(1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	(9) MCL 
         = (1) ( (8) (dB)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	Additional enhancements (dB)
	13
	18
	19
	15
	11
	11
	14


Note that the results in this table assumes 0 dB interference margin. In a loaded system, additional link budget is required. Also note that RACH MCL can be increased if we allow lower detection probability taking into account the latency requirement for MTC. Link level simulation shows that if we relax the RACH detection probability to ~50%, the required link budget improvement for RACH becomes similar to SCH and PBCH. 
3
Overview of Coverage Enhancement Techniques

3.1. Bundling Based Approach  
One obvious proposal to obtain better link budget is to extend TTI, e.g. bundle size of 128 for 19 dB gain. However, there are several limitations to this approach. 

1. Achievable bundling gain may be limited by practical constraints: 

· Tracking loop and phase noise
a. Operating at extremely low SNR with large TTI bundle size requires coherent averaging of the estimated channel or pilot. As shown in [3], large bundling gain can be achieved only if we assume perfect tracking loop and close to zero Doppler. 

b. On the other hand, in current RAN4, there is no specification on the transmitter phase/frequency accuracy across multiple subframes. A low cost device may use cheap RF components, which does not maintain phase continuity across such long duration. In addition, the frequency tracking loop may be inaccurate at extremely low SNR, which results in additional frequency uncertainty. The bundling gain is significantly reduced when we assume some residual un-compensated frequency error [3].
· For TDD and half duplex operations, the phase continuity can not be maintained when the TX is switched on and off. 

· Question: how do we close the remaining link budget gap beyond what can be achieved by bundling?

2. Power efficiency: 

·   Since bundled transmission and long averaging has to be applied for all channels, the power consumption is 10 to 100 times longer than the techniques without bundling. Obviously, we can’t apply this for many MTC devices/applications, such as gas meter or internet of things
· Question: do we design the coverage enhancements only for the device that is plugged into the power outlet?
3. Specification impact:
· Bundling is currently supported for PUSCH with size 4 only. To support 160 dB link budget, bundling needs to be introduced for most of channels: PBCH, PDSCH, PDCCH, PHICH, PUSCH, RACH, PUCCH, SRS. 

· Question: should we introduce changes to pretty much all LTE channels to cover some percentage of devices of a particular MTC application?

4. Implementation impact:

· Introducing long bundled transmission for the listed channels will have large impact on eNB and UE implementation. 
· eNB needs to operate within the same frequency band: regular wideband UE service, narrowband MTC service without coverage limiation, narrowband MTC with coverage limiation
· Question: is it still the requirement that eNB hardware should not be impacted by the introduction of MTC services?

5. System efficiency and co-existence with other users:
· Althought the meter reading application can wait until the system quite time to avoid impact on regular users, broadcast channels such as PBCH, SIB, Paging, still need to be transmitted regularly to allow reasonable time for MTC to access the system. 

· Question: how often do we have to transmit these duplicated MTC_PBCH, MTC_SIB with extended bundling in the center 6 RB in addition to regular PBCH and SIB? What is the overhead associated with these transmissions duplicated broadcast transmissions?
The above questions have to be further investigated in the subsequent SI/WI phase. 

Observation:
· Significant specification and eNB changes are needed to support 160 MCL, especially for PBCH/SIB, RACH procedure, and DL and UL control channels. 
· We need to consider large power consumption as well as resource utilization impact associated with the extended transmission durations. 
3.2
Small Cell Enhancements for Capacity, Coverage and Energy Efficiency
As we discussed in Section 3.1, we can achieve some coverage enhancements by introducing new channels/procedures and allow extended TTI bundling, but these techniques alone lead to large spectral/power inefficiency. In this section, we explore other enhancement techniques. 
For Rel 11 and Rel 12, network densification with small nodes has been an active topic mainly for capacity enhancements. For CoMP and eICIC, for example, various numbers of Pico or RRH are deployed within the coverage of a Macro cell. In Rel 12, there is a new WI on small cell enhancements. However, the focus of the Rel 12 small cell study is on the capacity enhancements, and it does not consider MTC enhancements. 
One solution to the coverage issue for MTC is to leverage the small cell deployment.  The simple deployment model is shown in Figure 1 below.
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Figure 1: MTC Coverage Enhancements with Tiered Architecture
We analyze the following impacts for this approach:
1. Link budget:

a. MTC devices can communicate with a close by node, therefore, the link budget requirements can be similar to those for the regular LTE devices and even reduced for further cost and energy saving.
2. Specification impact:

a. We can focus on techniques on cost and power reduction, and small cell enhancements for coverage.
3. eNB HW/SW/Operation impacts:

a. There is little impact on the eNB HW/SW/Operation 

b. The low power node/relays can handle the communications to the MTC devices.

4. Energy efficiency:

a. With the tiered architecture, MTC devices can transmit and receive with much higher energy efficiency than using extended TTI. 
5. Unified approach for both capacity and coverage:

a. If we consider the MTC deployment scenario as internet of things, then small cell deployment can help in both data capacity and MTC coverage as a unified approach
Techniques to address the MTC coverage with small cell deployment by exploiting delay tolerance of MTC traffic:
1. Decoupled DL and UL association for UL coverage enhancements:

a. When small cells are deployed, the path loss from the MTC device to the closest cell is reduced. As a result, the required link budget is reduced if it is served by the closest cell. 

b. But in HetNet cell range expansion region, MTC may still associate with the strongest downlink cell, which may be Macro cell. The ideal association would be:

i. DL association with the strongest cell

ii. UL association with the least path loss

c. This DL and UL decoupled operation may not be feasible for a service with tight delay requirement, but can be designed for MTC traffic. 

2.  SFN for DL coverage enhancements:

a.  Further DL coverage enhancements can be achieved through SFN operations from multiple nodes. 

Observation:

· Low power nodes can be deployed for both capacity enhancements for regular traffic and coverage enhancements for MTC. 
3
Conclusion

In this contribution, we discussed various coverage enhancement techniques for MTC. Further link and system simulation results are presented in [3] where the different coverage enhancement approaches are compared. 
Based on these results, we propose to capture the following in the SI report:
“When applying extended TTI bundling for coverage enhancements, we need to consider the following aspects:

· The TTI bundling gain depends on the phase continuity/phase noise from the transmitted signal. The extent of TTI bundling should be decided based on RAN4’s feedback.
· The overhead and inefficiency of extended TTI bundling should be considered, especially for bundled broadcast channels, which are duplicated from redular PBCH and SIB. 
· The impact of TTI bundling on power consumption should be considered for battery operated devices.  
· Impact of introducing long bundled operation for PBCH, PDSCH, PDCCH, PHICH, PUSCH, PUCCH, RACH channels on specification and implementation needs to be considered
 The necessasity of introducing extended bundling for these channels needs further investigation.
Other techniques, such as small cell deployments, should be considered for MTC applications. Small cell deployment can meet the following MTC design goals: 

· Coverage enhancements: by reducing the path loss to the closest nodes, small cell deployment can significantly improve coverage. 

· Co-existence: small cell deployment benefits both capacity enhancements for regular phone service as well as coverage enhancements for MTC

· Low power: comparing to long TTI bundling to overcome large path loss, small cell deployment allows much more power efficient operation from MTC 

·  Low cost: all cost reduction techniques studied so far in the SI can still be considered and no strigent requirements on the RF and baseband processing as in extended bundling. 

· Implementation: little impact on eNB implementation and simple unified approach for MTC implementation instead of separate operations of devices in coverage limitations. 

· Speficiation: can focus on cost and power reduction techniques as well as small cell enhancements for MTC operations. 
For battery operated devices, additional optimization should be considered for power optimization. This should be considered for MTC in both coverage limitation and good coverage cases. A separate section can be introduced to address the battery operated devices focusing on power efficient operation.”
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