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1
Introduction
For MTC, 20dB link budget improvement is required to provide coverage for the meters deployed in the basement. Some of the meters have power supply, while others such as gas meters are operated on battery. One obvious way to increase coverage is to extend the transmission time, e.g. bundling by ~100 times, but such extended bundling has large impact on system efficiency and power consumption [1]. 
So far, the MTC coverage enhancement is mostly focusing on a single link between one eNB and one MTC device. An alternative approach is to leverage the current deployment trend and other RAN1 design topics of HetNet, CoMP, and small cells. 
In this contribution, we discuss enhancements to small cells for MTC by addressing the following design questions:
· How to leverage various forms of small cell deployments for MTC coverage enhancements, if they are already being deployed for capacity improvement?

· How can we enhance small cell design by taking into account MTC traffic characteristics?

In a separate contribution [2], we show system analysis on the link budget gains with these enhancements.
2
Tiered Architecture for Capacity, Coverage and Energy Efficiency
As we discussed in [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 FeICIC in Rel 11, for example, various numbers of low power nodes (LPN) are deployed within the coverage of a Macro cell. In Rel 12, there is a new SI 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 coverage improvement. 
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 with Tiered Deployment
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. Enhancements to small cells by taking into account MTC characteristics.
3. eNB HW/SW/Operation impacts:

a. There is little impact on the eNB HW/SW/Operation except for backhaul information exchange with LPN.  

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.
Please note that we use the term LPN to refer to any nodes that transmit at lower power level than Macro cell, such as Pico, Microcell, RRH, Femto cell, relay, etc. Both fiber connected and other slower backhaul can be used to connect Macro with the LPNs. 
Observation:

· Low power nodes can be exploited for both capacity enhancements for regular traffic and coverage enhancements for MTC. 
3
Enhancement to Small Cells for MTC
3.1
Design Considerations
In order to leverage the existing infrastructure as much as possible, one design challenge is how to optimally associate the MTC users to the LPN or the macro cells. As our system evaluations show [2], even with small cell deployment, the link budget gain is limited if we don’t consider MTC specific enhancements. The reason is illustrated in Figure 2, where transmission power and antenna gain differences are shown between Macro and LPNs. If the LPN is randomly deployed, i.e. not targeting MTC locations, most of MTC devices will still associate with strongest DL cell, which is the Macro cell, so further enhancements are needed with MTC coverage considerations. 
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Figure 2. Small Cell Enhancements for MTC

We consider the following 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 for all the channels if it is served by the closest cell. 

b. But with the best DL association, in most of the coverage area, MTC still associates with the Macro cell due to the large power imbalance and antenna gain difference between the Macro and LPN. 

c.  
From the coverage enhancement point of view, the ideal association would be:

i. DL association with the strongest cell

ii. UL association with the the cell with the least path loss

d. 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. 

Since UL is the bottleneck for link budget and power consumption, we will focus on decoupled operation to improve UL link budget for MTC. While on the DL, we can consider different enhancements for PBCH and PDSCH [4,5] depending on the requirements for MTC. 
Observation:
·    Due to the large power imbalance and antenna gain difference, even if LPNs are deployed, most of the MTC would still associate with Macro cell on the DL instead of the closest cell. So the link budget gain is limited, especially for the uplink.
· From the coverage enhancement point of view, the ideal association would be:

· DL association with the strongest cell

· UL association with the the cell with the least path loss
· So MTC can be served by the same node for both UL and DL or decoupled DL and UL according to coverage needs

3.2
Decoupled DL-UL Operation
Figure 3 shows the decoupled operation of MTC, where UL is served by the closest node, and DL is served by the strongest node. All DL and UL configuration and scheduling information is signalled from the DL serving cell to the MTC, while uplink transmissions are received by the UL serving cell. Such operation can be transparent to MTC devices as well as the core network. Further link budget improvement can be achieved by joint UL reception from multiple nodes, which requires more network coordination. 
The backhaul information exchange between LPN and Macro cell is required for such an operation. Since MTC traffic is delay tolerant and infrequent, there is no requirement for fiber or fast backhaul connection between the Macro and LPNs. Note that such decoupled operation is not feasible for regular traffic, as the 4 ms HARQ turn around time is too stringent for practical backhaul delays. For MTC traffic, HARQ_less operation or relaxed HARQ response time can be supported. 
For severely coverage limited MTC devices, even the initial RACH may not be detected by the closest LPN, but not by the Macro cell. So the decoupled operation needs to be able to support the RACH procedure. In [3], we describe a simple RACH configuration design that allows such decoupling.

Note that the link budget improvements through such enhancements apply to all uplink channels, which can significantly improve system efficiency and MTC power consumption as well. 

Observation:

· The unique MTC traffic type and requirements make such decoupled operation feasible for LPN deployments with both ideal and practical backhaul. 
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Figure 3 Decoupled DL-UL Operation for MTC
3.3
Performance and Other Benefit
As shown in [2], comparing the regular best DL association vs. decoupled DL and UL association, there is ~10 dB link budget gain on the UL by randomly placing the small cells.  This is to simulate the case where LPNs are deployed for capacity enhancements rather than coverage enhancements for MTC.  
In addition, the link budget gain also directly benefits power consumption from the MTC device. This is important if the MTC device is battery operated. So even in deployment areas where there is no coverage limitation, small cell with decoupled operation can reduce the power consumption of MTC devices. This technique can be used to address general applications such as internet of things. 
4
Conclusion

In this contribution, we discussed various coverage enhancement techniques for MTC. Further link and system simulation results are presented in [2].  We make the following observations and conclusions:
Observation:

· Low power nodes can be exploited for both capacity enhancements for regular traffic and coverage enhancements for MTC. 
Observation:
·    Due to the large power imbalance and antenna gain difference, even if LPNs are deployed, most of the MTC would still associate with Macro cell on the DL instead of the closest cell. So the link budget gain is limited, especially for the uplink.
· From the coverage enhancement point of view, the ideal association would be:

· DL association with the cell with strongest received power
· UL association with the cell with the least path loss
· So MTC can be served by the same node for both UL and DL or decoupled DL and UL according to coverage needs

· The unique MTC traffic type and requirements make such decoupled operation feasible for LPN deployments with both ideal and practical backhaul. 

Based on these results, we propose to capture the following in the SI report:
“Other techniques, such as enhancements to small cells, should be considered for MTC applications. Decoupled operation where MTC is associated with the DL with highest signal strength and with the UL with the least path loss can be exploited to allow significant link budget improvement for all UL channels. 

Small cell deployment with decoupled DL and UL should be considered to meet the following MTC design goals: 

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

· 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, this can be exploited to address a wide range of MTC applications such as internet of things.
·  Low cost: all cost reduction techniques studied so far in the SI can still be considered and no stringent requirements on the RF and baseband processing as in extended bundling. 

· Implementation: unified approach for MTC implementation instead of separate operations of devices in coverage limitations. 

· Specification: 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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