3GPP TSG-RAN WG1 Meeting #78bis
R1-144051
Ljubljana, Slovenia, 6th – 10th October 2014
Agenda Item:
7.3.1.1.2
Source: 
Sony
Title: 
Coverage Enhancement Targets for MTC UE Types
Document for:
Discussion  
1. Introduction
The recently agreed WID on “Further LTE Physical Layer Enhancements for MTC” [1] includes the objective of enhancing the coverage of the MTC UE through various techniques including repetition, PSD boosting, elimination / modification of channels and signals etc.  These techniques will allow two different objectives to be achieved:
· Significant improvement of coverage of up to 15dB for MTC devices installed in “difficult” locations such as basements

· Compensation for any link budget losses incurred through adopted complexity reduction or power consumption reduction techniques

Sony’s opinion is that Release-13 should support two broad classes of device [2]:
· Consumer electronic type devices: CE-LTE devices
· Smart meter type devices: SM-LTE devices
Smart meter type devices will require coverage enhancements of up to 15dB since smart meters might be installed in difficult locations, such as basements. On the other hand, consumer electronic devices would expect a coverage that is similar to the coverage of standard LTE category devices. For these CE-LTE devices, coverage enhancement is required to compensate for the losses incurred due to complexity reduction. 

This document identifies the coverage and functionality targets for CE-LTE types of device. More aggressive coverage and functionality targets would be required for SM-LTE devices. The techniques that would be applied for SM-LTE devices would be additional to the techniques applied for CE-LTE types of device. 
2. Coverage of Consumer Electronics and Smart Meter Devices
The meaning of the terms “consumer electronics” and “smart meter” devices are expanded upon in a companion Sony document [2].
Table 1 discusses the coverage requirements of the example consumer electronics devices identified in [2]. The coverage requirements for the CE-LTE devices (as opposed to the category 1-5 devices) are that the coverage losses entailed through complexity reduction techniques [2] are mitigated. Further coverage extension is not required for these CE-LTE devices. The consumer electronics devices in Table 1 are generally mobile and will naturally move to areas of better coverage through their daily usage patterns (in contrast to some fixed smart meter type devices). 
Table 1 – Coverage of CE-LTE Consumer Electronics Devices

	Consumer electronics device
	LTE device type
	Geographic usage
	Coverage enhancement

	Gaming console
	Category 1-5
	Indoor, public spaces
	N / A

	Portable HDTV
	Category 1-5
	Indoor, public spaces
	N / A

	Smart watch
	CE-LTE
	Indoor, public spaces, countryside
	Low cost compensation

	Fitness tracker
	CE-LTE
	Gyms, parks, countryside
	Low cost compensation

	Health monitor
	CE-LTE
	Indoor, public spaces
	Low cost compensation

	Baby monitor
	CE-LTE
	Indoor
	Low cost compensation

	Panic alarm
	CE-LTE
	Indoor, cities, countryside
	Low cost compensation

	Pet tracker
	CE-LTE
	Parks, countryside, cities
	Low cost compensation

	Digital camera
	Category 1-5
	Countryside, cities, indoor
	N / A

	Digital reader
	Category 1-5
	Indoor, public spaces
	N / A

	Headphones
	CE-LTE
	Indoor, public spaces
	Low cost compensation

	Toy car
	CE-LTE
	Indoor, parks, garden
	Low cost compensation

	Robot lawnmower
	CE-LTE
	Garden
	Low cost compensation


Based on Table 1, the following observation is made:
Observation 1: The CE-LTE type of MTC device needs to implement coverage enhancement techniques that compensate for any coverage impairments introduced through complexity reduction. 

In contrast, Table 2 considers the geographic usage of some smart meter type devices. These devices are non-mobile and need to be able to operate in whatever location they are deployed in. SM-LTE devices may be located in some “difficult” locations where service is required.
Table 2 – Coverage of Smart Meter Devices

	Smart meter device
	LTE device type
	Geographic usage
	Coverage enhancement

	Gas meter
	SM-LTE
	Street cabinets, basements
	15dB + low cost compensation

	Water meter
	SM-LTE
	Street cabinets, basements
	15dB + low cost compensation

	Electricity smart meter
	SM-LTE
	Street cabinets, basements
	15dB + low cost compensation

	Smart grid meter
	SM-LTE
	Street cabinets, basements
	15dB + low cost compensation

	Soil monitoring
	SM-LTE
	Farm, countryside
	low cost compensation

	Pollution monitoring
	SM-LTE
	Cities, countryside
	low cost compensation


Based on Table 2, the following observation is made:

Observation 2: Most SM-LTE types of device need to implement coverage enhancement techniques that both improve standard LTE coverage and compensate for any cost reduction techniques. 

The high level requirements of CE-LTE and SM-LTE devices [2] have an effect on the applicable coverage enhancement techniques.  Table 3 summarises those high level requirements.
Table 3 – High Level Requirements of CE-LTE and SM-LTE devices

	Requirement
	CE-LTE device
	SM-LTE device

	Cost
	Low cost
	Very low cost

	Data rate
	100kbps – 1Mbps range
	10 – 100bps

	Latency
	Approx. 250ms to 5 seconds
	24 hours

	Coverage
	Standard LTE coverage
	Coverage extension to basements

	Form factor
	Very small
	Standard

	Battery lifetime
	1 to 2 weeks
	Up to 10 years


3.
Coverage Enhancements Required for CE-LTE Devices
3.1
Coverage Impacts of Release-12 Complexity Reductions

Release-12 supported the following complexity reductions: single RX chain, HD-FDD and a maximum transport block size of 1000 bits. The approximate coverage implications of these complexity reductions are summarized in Table 4.

Table 4 – Coverage Implications of Release-12 Complexity Reductions
	Rel-12 Complexity reduction technique
	Change in DL MCL
	Change in UL MCL
	Comments

	Single RX chain
	-4dB
	0d
	[3: Table 7.1]. Loss is in some DL channels and depends on fading characteristics. 

	HD-FDD
	[+2dB]
	0dB
	Lower noise figure in the DL without a duplexer. The lack of a duplexer in the UL reduces the insertion loss. This leads to a power consumption reduction, but does not lead to an improvement in MCL.

	Maximum transport block size is 1000 bits
	0dB
	0dB
	Coverage is determined by the scheduled transport block size at the cell edge, not the maximum transport block size.


3.2
Estimated Coverage Impacts of Release-13 Complexity Reductions

3.2.1
Complexity Reduction Techniques for Release-13
Table 5 lists the complexity reductions [2] that Sony think would make a CE-LTE module feasible. Any coverage losses from these proposed complexity reduction techniques would need to be compensated for in a CE-LTE module.

Table 5 – Proposed Rel-13 Complexity Reductions for CE-LTE

	Complexity reduction
	Target

	Bandwidth
	1.4MHz

	Maximum transmit power
	20dBm

	DL transmission modes
	TM1, TM2

	Simultaneous reception of multiple transmissions
	No

	Modulation schemes
	QPSK, 16QAM, [64QAM]

	CQI modes supported
	Wideband, aperiodic


3.2.2
Coverage Impacts of Release-13 Complexity Reduction Techniques for CE-LTE Devices
The impacts on coverage of the Release-13 complexity reduction techniques [2] for CE-LTE devices depend on the specific implementation of the techniques. Table 6 provides estimates of the coverage impacts of the complexity reduction techniques that are proposed to be applied to CE-LTE modules:

Table 6 – Estimated Coverage Impacts on CE-LTE Modules of Release-13 Complexity Reduction Techniques

	Complexity reduction approach
	Change in DL MCL
	Change in UL MCL
	Comments

	Bandwidth = 1.4MHz
	PDCCH: FFS (-2dB)

PDSCH: 0dB

PBCH: 0dB

SCH: 0dB
	PUSCH: FFS (-2dB)
PUCCH: FFS (-2dB)
PRACH: 0dB
	The MCL loss depends on the reference bandwidth assumed. 

Note that some loss in frequency diversity will be compensated for by an increase in time diversity when coverage enhancement techniques are applied (e.g. repetition).

It is assumed that it will be infeasible to perform frequency dependent scheduling on the PDSCH since (1) the UL signaling load will become excessive for small packet MTC transmissions, and (2) the power consumption burden of the UE transmitting CQI will be excessive.

The range of frequency hopping of PUSCH and PUCCH would be restricted leading to a coverage loss for these channels.

Although a reduced RF bandwidth allows the UE PA to be operated more efficiently, this does not translate to an MCL gain: rather it translates into a UE power consumption reduction.

	Maximum transmit power = 20dBm
	N / A
	-4 dB
	The maximum transmit power must be such as to make a single chip implementation feasible.

	DL transmission modes
	0dB
	0dB
	The reference MCL calculations in [3 sec. 5.2.1.2] assume TM2 which is also assumed for MTC in Release 13.

	Simultaneous reception of transmissions
	0dB
	0dB
	

	Modulation schemes
	0dB
	0dB
	Restricting the supported modulation schemes will have no effect on the MCL since QPSK will be applied at the edge of coverage and any restricted set of modulation schemes are expected to at least include QPSK.

	CQI modes supported
	0dB
	0dB
	Reduction in the number of CQI modes supported may impact MCL since the scheduler may be less able to support techniques such as localized scheduling. Any loss in localized scheduling gain is already accounted for when considering the bandwidth complexity reduction.


3.3
Estimated Coverage Impacts of Release-13 Power Consumption Reductions

The estimated coverage impacts of the power consumption reduction techniques are summarized in Table 7. The actual coverage impacts of these techniques will depend on the details of the techniques. The impacts described in Table 7 assume the complexity reduction techniques of Table 6 as a baseline. In summary, this table indicates that power consumption reduction techniques are expected to have no or little impact on coverage.
 Table 7 – Estimated Coverage Impacts on CE-LTE Modules of Release-13 Power Consumption Reduction Techniques

	Power consumption reduction approach
	Change in DL MCL
	Change in UL MCL
	Comments

	Reduction of PDCCH processing load
	0dB
	0dB
	Reduction of the number of blind decoding attempts or the times at which PDCCH is decoded does not change the SNR performance of PDCCH.

	Support of high OTA rates
	0dB
	0dB
	High OTA rates will improve power consumption for MTC UEs that are not at the cell edge, but cell edge UEs would still use cell edge formats.

	Restriction on measurements
	0dB
	0dB
	Restriction on measurements may have an effect on handover performance, but is not expected to have an effect on coverage.

	Reduction of feedback signaling
	FFS (0dB)
	FFS (0dB)
	Reduction of feedback signaling may prevent the system from communicating using localized transmissions in the most advantageous RBs for UEs. In a reduced RF bandwidth, the gain from localized transmission is restricted (and is accounted for in Table 6). 

	Implementation techniques
	0dB
	0dB
	Implementation techniques such as improvements to chip manufacturing processes, packaging, configuration of transmit / receive chains are not expected to have a coverage impact. Implementation techniques would be expected to conform to the current RAN4 performance specifications. 


3.4
Coverage Enhancements Required for Rel-13 CE-LTE Devices

Table 8 combines the coverage changes due to Release-12 and expected Release-13 complexity reduction techniques with the MCL values that were calculated for Release-11 LTE channels for FD-FDD (from Table 5.2.1.2-3), in order to estimate the MCL that will be supported for various channels in Release-13. The coverage enhancements required to give a balanced link budget for CE-LTE devices are derived in this table.
Table 8 – Coverage Enhancement Required for Release-13 Channels for CE-LTE devices
	channel
	Rel-11 MCL
	Change in MCL between Rel-11 and Rel-12
	Change in MCL due to Rel-13 complexity reduction
	Rel-13 MCL without coverage enhancement
	Coverage enhancement required in Release-13

	PUCCH (1A)
	147.2dB
	0dB
	FFS: -6dB
	141.2dB
	N/A

	PRACH
	141.7dB
	0dB
	-4dB
	137.7dB
	3dB

	PUSCH (20kbps)
	140.7dB
	0dB
	FFS: -6dB
	134.7dB
	6dB

	PDSCH (20 kbps)
	145.4dB
	-2dB
	0dB
	143.4dB
	N/A

	PBCH
	149.0dB
	-2dB
	0dB
	147dB
	N/A

	SCH
	149.3dB
	-2dB
	0dB
	147.3dB
	N/A

	PDCCH (1A)
	146.1dB
	-2dB
	FFS: -2dB
	142.1dB
	N/A


Since the coverage of Release-11 LTE was limited by the MCL of PUSCH [3: Table 5.2.1.2-2], although Release-13 MTC might reduce the MCL of some channels, only the coverage of PUSCH and PRACH needs to be improved. PUSCH coverage needs to be improved by 6dB; PRACH coverage needs to be improved by 3dB. A 6dB coverage improvement of PUSCH can be quite straightforwardly achieved either by repetition coding (4x repetition coding should provide a gain of 6dB), or by PSD boosting (transmission of the PUSCH in a minimum of 3 subcarriers rather than a minimum of 12 subcarriers will provide a PSD gain of 6dB). A 3dB PRACH coverage improvement could be achieved by a relaxation of PRACH performance requirements or repetition of PRACH.
Note that PUCCH coverage for formats other than format 1A may also need to be improved.

Proposal 1: For CE-LTE devices, a 6dB coverage improvement for PUSCH is required. This can either be provided by a repetition coding technique (e.g. 4x repetition coding) or by PSD boosting (e.g. minimum UL physical resource of 3 subcarriers).
Proposal 2: For CE-LTE devices, a 3dB coverage improvement for PRACH is required. This can be achieved by a relaxation of PRACH performance requirements or repetition of PRACH.
4.
Conclusions
The Release-13 LTE MTC specifications should cover a range of MTC applications, not covered by the existing Release 12 Category 0 or Category 1 UEs.  A consumer electronics type of LTE device (CE-LTE) will have a higher capability than a smart meter type of device (SM-LTE), but a lower capability than a Release-12 category 0 type of device. Based on the usage scenarios of these types of device, the following observations are made:
Observation 1: The CE-LTE type of MTC device needs to implement coverage enhancement techniques that compensate for any coverage impairments introduced through complexity reduction. 

Observation 2: Most SM-LTE types of device need to implement coverage enhancement techniques that both improve standard LTE coverage and compensate for any cost reduction techniques. 
For CE-LTE types of device, coverage enhancement is required to compensate for any loss of coverage due to complexity reduction. From the analysis in this document, the following proposals are made:
Proposal 1: For CE-LTE devices, a 6dB coverage improvement for PUSCH is required. This can either be provided by a repetition coding technique (e.g. 6x repetition coding) or by PSD boosting (e.g. minimum UL physical resource of 3 subcarriers).
Proposal 2: For CE-LTE devices, a 3dB coverage improvement for PRACH is required. This can be achieved by a relaxation of PRACH performance requirements or repetition of PRACH.
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