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Introduction
With the increasing pace of LTE deployment and the take-off of Internet of Things (IoT) business, there is an increasing need to serve a potentially vast number of M2M devices using LTE networks and spectrum (including the to-be-refarmed spectrum), in a cost effective way in comparison to GSM/GPRS and other proprietary technologies. 
The Rel-12 study item “Study on Provision of low-cost MTC UEs based on LTE” [1] was to understand if it would be feasible to specify and build an LTE that has the possibility to be cost competitive to that of GSM/GPRS devices, with the intention to motivate migration of MTC traffic from 2G to LTE networks. The study concluded in 3GPP TR 36.888 [2] that it would be possible to specify an LTE device for MTC with Bill of Material cost comparable to EGPRS modem with a combination of cost reduction techniques in a new UE category:
· 1 Rx antenna.

· Downlink and uplink maximum TBS size of 1000 bits.

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband, while the control channels are still allowed to use the carrier bandwidth. Uplink channel bandwidth and bandwidth for uplink and downlink RF remains the same as that of normal LTE UE.

The study also concluded that a coverage improvement target of 20dB for both FDD and TDD in comparison to normal LTE footprint could be achieved. However the TR36.888 recommended a coverage improvement target of 15dB for FDD considering the UE power consumption, spectrum efficiency, specification impact and standardization effort. However, it turns out that the specification work for 15dB coverage gain is still too big to fit in Rel-12 time frame and thus in RP #63 it was agreed to defer the coverage enhancement part to Rel-13 in the revised WID [3].  

With the nearly completion of Rel-12 low cost MTC, it is time to examine the still-big gap to the market needs from the perspective of competitive landscape and ensure LTE-based MTC can become a viable solution for the business case of interest to cellular operators. We think it is critical for 3GPP to specify a competitive MTC solution in Rel-13 and complete the specification work in time. In this paper, we discuss views on possible ways to scope the Rel-13 work to ensure the cost/efficiency/power goals can be achieved.
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Cost Requirements/Objectives
Further cost reduction of MTC devices from that of Rel-12 is possible with the following measures as discussed in the study item phase:
· Reduced bandwidth for both RF and baseband (e.g., 1.4MHz): Rel-12 MTC still requires a full band RF front end since the control channel PDCCH is still wideband. TR36.888 concluded that the reduction of maximum bandwidth provides significant cost savings due to mainly reduced baseband processing (lower complexity of FFT/IFFT and receiver processing block of baseband processing), even though there is minimal or small savings for the RF components because the RF component cost is not sensitive to the bandwidth. Note that Rel-12 ultimately decided not to reduce the bandwidth due to specification concern (i.e., only “Peak Rate reduction (TBS) + Single receive RF” with 42% cost saving from that of category-1 UE, per table 7.1 of TR36.888). The combination of “Peak Rate reduction (TBS) + DL-1/UL-1 BW Reduction + Single receive RF”, however, achieves a cost saving of 59% which is ~30% additional saving from that in Rel-12. We believe 1.4MHz bandwidth represents a good balance between cost and system efficiency.  
· On-chip PA: PA itself represents 25-30% of the total RF cost which is about 40% of the total modem cost. Of course removing PA completely will make the UL coverage unacceptable. But integrating CMOS PA together with the transceiver and baseband allows significant cost saving due to single packaging. Packaging cost is actually not considered in the Rel-12 cost analysis. We believe the end result of additional cost saving can be 10-20%. However, on-chip PA is still an evolving technology that still suffers from lower maximal TX output power (typically ~20dBm for the state of art) and/or lower PA efficiency. As opposed to 23dBm typically assumed for mobiles, the 3-5dB Tx power gap is possible for on-chip PA, which needs to be compensated for.
· Half Duplex: HD-FDD is believed to provide 7-10% cost saving relative to category-1 UEs, due to the removal of band-specific duplexers. Note the gain is actually much larger if we consider the multiple LTE bands that a typical modem needs to support. We think HD-FDD is one of the most important measures in order for LTE-based MTC devices to approach the cost of GSM/GPRS which is HD-FDD in nature too for global quad-band deployments. 
· Further peak rate reduction:  If HD-FDD is considered as baseline MTC device architecture, the actual peak data rate is further reduced compared to FD-FDD, which will translate into additional saving. 
In general, the above additional cost saving measures should form the basis for the Rel-13 MTC devices. 
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Deployment Requirements/Objectives
Since Rel-13 MTC devices may only support narrow band reception/transmission (e.g., 1.4MHz), system information broadcast, common channels, and control channels for Rel-13 MTC devices may need to be optimized as opposed to the existing channels designed for wideband normal LTE UEs. We envision it a narrow band MTC (NB-MTC) “subsystem” that is embedded in a wideband LTE network. We believe the following characteristics of network deployment are desirable:
· A NB-MTC subsystem can be embedded anywhere in frequency domain within a LTE channel
· Multiple NB-MTC subsystems (frequency contiguous or not) can be provisioned by the eNB to scale up/down the radio resources dedicated to MTC devices
· NB-MTC subsystem(s) should co-exist with normal LTE UEs
· Reuse LTE spectrum, infrastructure, and core network 
· Existing eNBs can be largely reused with small hardware and/or software upgrade whenever possible
· Normal UEs may also support NB-MTC as an optional feature 
To integrate NB-MTC as an embedded subsystem of LTE, we think OFDMA for DL and SC-FDMA UL are the natural choices of DL &UL multiple access schemes. As to the NB-MTC bandwidth, we think 1.4MHz strikes a balance between system efficiency and device cost saving.  The cost of RF transceiver is typically dominated by the smallest bandwidth and most of the saving is from reduced baseband processing and ADC/DAC. Further reduction of BW from 1.4MHz to, say 200KHz, might provide some more baseband saving, but system efficiency could be reduced since all the common and dedicated channels have to be limited to 200KHz for example, regardless of the channel quality and packet size. User multiplexing efficiency, if within 1 PRB, could also be affected versus within a block of 6 PRBs. 
In general, the narrow band MTC (NB-MTC) subsystem should be designed to be scalable to the number of devices in multiple of 1.4MHz (6 PRBs) and also to share the same LTE channel with normal UEs. 
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Power consumption Requirements/Objectives
Power consumption is an area that deserves more attention. While competitive technologies claim 10-20yrs of battery life with 2.5Ah battery, LTE may only last 20-30 days assuming 12.76J per packet [4] and ~100 message per day. Fundamentally LTE should be able to achieve similar battery life in an apple-to-apple comparison, if the design is optimized correctly. The current LTE design may not be fully optimized for the sporadic small packet transaction, but that could be the area for Rel-13 optimization. In general, keeping the modem active period as short as possible for both reception and transmission is the direction to go, and active only when necessary as in long DRX for example. 
Even though power consumption optimization is a cross-layer effort, the principle of reducing active duration to a minimum should be applied in NB-MTC subsystem design, reflected in the design aspects of synchronization acquisition and tracking, system information acquisition/tracking, measurement frequency and duration, UL transmission period minimization, and so on. 
Power consumption reduction needs more attention in Rel-13, with a target of >10yrs of battery life. Even though it is a cross-layer effort, the general principle of reducing active duration to a minimum should be applied in NB-MTC subsystem design (e.g., in physical layer design aspects of synchronization acquisition and tracking, system information acquisition/tracking, measurement frequency and duration, UL transmission period minimization).
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Coverage Enhancement Requirements/Objectives
Due to the single receiver antenna, there will a 5-9dB DL coverage degradation [2], however, the coverage is mainly UL limited due to PRACH and PUSCH (assuming 2 PRBs in the table below). 
	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL (FDD)
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	MCL (TDD)
	149.4
	146.7
	147.4
	148.1
	149.0
	149.3
	146.9

	NOTE 1: 
eNB is assumed with 2 Tx and 2 Rx in FDD systems.

NOTE 2: 
eNB is assumed with 8 Tx and 8 Rx in TDD systems.

NOTE 3: 
PHICH is neglected and the function of PHICH can be implemented by PDCCH in case of cell edge.



TR36.888 concluded that a coverage improvement target of 20dB for both FDD and TDD in comparison to normal LTE footprint could be achieved, but instead recommended a coverage improvement target of 15dB for FDD considering the UE power consumption, spectrum efficiency, specification impact and standardization effort. However, it turns out that the specification work for 15dB coverage gain is still too big to fit in Rel-12 time frame and thus in RP #63 it was agreed to defer the coverage enhancement part to Rel-13.  

We noticed the competitive technologies’ target of 20dB gain over that of GSM/GPRS or ~162 dB MCL target. Hence we suggest the same target for Rel-13, especially if it is deemed essentially for the business case of cellular-based MTC. From Rel-12 study, we noticed the design objective at that time was to ensure that legacy channels can still work with repetition or PSD boosting or relaxed requirement. The end result of that design philosophy is that the system may become highly inefficient, and even more importantly the power consumption can be well short of the goal of >10 yrs in scenarios where long battery life is needed the most (e.g., hard-to-reach coverage holes). Note that the recently proposed SID in GERAN [5] has the following objective
Reduce power consumption of MTC Mobile Stations compared with legacy GPRS (non EGPRS) so that they can have up to ten years battery life with battery capacity of 5 Watt-hours, even in locations with adverse coverage conditions where up to 20 dB extension might be needed. One traffic model for battery life estimation should be based on the “regular reporting”, “no mobility”, scenario from Annex A.1 of TR 36.888 v12.0.0, but using a “120 minute Uplink Interval”.

Fundamentally, LTE based NB-MTC subsystem should be able to achieve the same goal, but may require a more aggressive approach to modify the system design to really reflect the principle of reducing active Tx/Rx duration to a minimum. For example, some further simplification of system functions should be considered. If 20dB coverage gain is an important design target for Rel-13, we suggest the NB-MTC subsystem to be designed from day-one to fully support the worst case with power consumption optimization. Some particular aspects derived from Rel-12 learning are, but not limited to:
· Some of functionalities related to PCFICH, PHICH, PDCCH, MIB/SIB, and PUCCH already require a redesign due to the reduced bandwidth of Rel-13 MTC devices. 
· Some other functionality like RACH may become even more of a coverage bottleneck given PRACH’s 1.08MHz transmission bandwidth. Some further study is needed to see if relaxed requirement will result in prolonged Tx/Rx period due to repeated unsuccessful trials and also the resulting system inefficiency. 
· Another example could be the prolonged reception time when a PDSCH must be preceded by a control channel, both of which may require a large number of repetitions that can prolong the reception time significantly.
· In Rel-12 the ambiguity on what an enhanced coverage mode arises due to the fact that a reliable UE measurement is not supported adequately in the system design and thus enforceable via conformance tests. The risk of high power consumption and radio resource utilization inefficiency can be very high.   
Overall, we suggest a coverage gain target of 20dB for Rel-13 over that of GSM/GPRS (i.e., ~162 dB MCL target) under which condition the same objective of >10 yrs battery life should also be targeted. Hence, we suggest the NB-MTC subsystem to be designed from day-one to fully support the worst case with the principle of reducing active Tx/Rx duration to a minimum whenever possible. 
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Conclusion
With the nearly completion of Rel-12 low cost MTC, it is time to look at the gap to the market needs in the competitive landscape and ensure LTE-based MTC can become a viable solution to the business case of cellular operators. In this paper, we discuss, based on the learning from Rel-12, our views on possible ways to scope the Rel-13 work to ensure the cost/efficiency/power consumption goals be achieved.
In particular, we suggest:
· The following additional cost saving measures should form the basis for the Rel-13 MTC devices. 
· Reduced bandwidth for both RF and baseband (e.g., 1.4MHz) 
· On-chip PA
· Half Duplex
· Further peak rate reduction  
· The narrow band MTC (NB-MTC) subsystem should be designed to be scalable with the number of devices in multiple of 1.4MHz (6 PRBs) and also to share the same LTE channel with normal UEs.
· Power consumption reduction needs more attention in Rel-13, with a target of >10yrs of battery life. Even though it is a cross-layer effort, the general principle of reducing active duration to a minimum should be applied in NB-MTC subsystem design (e.g., in physical layer design aspects of synchronization acquisition and tracking, system information acquisition/tracking, measurement frequency and duration, UL transmission period minimization, and so on).
· For Rel-13 a coverage gain target of 20dB over that of GSM/GPRS (i.e., ~162 dB MCL target) is suggested under which condition the same objective of >10 yrs battery life should also be targeted. Hence, we suggest the NB-MTC subsystem to be designed from day-one to fully support the worst coverage case with the principle of reducing active Tx/Rx duration to a minimum whenever possible.
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