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Discussion and decision
1 Introduction

In RAN1#66bis in Zhuhai, more than 20 Tdocs were submitted that discussed potential approaches to reducing LTE UE cost for MTC applications as part of the study item on cost reduction for MTC LTE UEs [1].
This Tdoc provides a short overview of the proposed techniques and summarises which techniques were supported by which companies in Zhuhai with a view to enabling a decision on which areas should be prioritised for study as part of the study item. 

2 Proposed Strategies for MTC LTE UE Cost Reduction
Table 1 summarises all the proposed strategies for cost reduction that were identified in the Tdocs submitted to RAN1#66bis. The table also identifies those companies and Tdocs that seemed to be in favour of each of the strategies.
Note that for the sake of brevity, this Tdoc does not describe all the potential techniques, standards impacts, advantages and disadvantages that are applicable to a particular strategy. Those issues can be dealt with at a later stage when RAN1 has reached an agreement on those strategies that should be prioritised for study.
Table 1 – Strategies for MTC LTE UE cost reduction
	strategy
	description
	supportive companies

	reduction of supported bandwidth
	Various possible approaches identified:

· separate PDCCH space 

· separate MTC carriers

· carrier aggregation

· E-DPCCH

· new carrier types

· allocation in PDSCH

Benefits

reduces baseband complexity:
· channel estimation

· equalisation

· FFT / IFFT

· buffering

· measurements

reduces RF cost

· RF/IF filters

· ADC/DAC

reduces power consumption

Drawbacks

there may be specification impacts depending on technique used.
	Huawei, HiSilicon, CMCC [2].
Sony Corp, Sony Europe [3].

Ericsson, ST Ericsson [4].

CATT [5].

ZTE [7].

Mediatek [8].

Samsung [9].

Nokia, NSN [11].

Renesas [12].

LGE [13].

Interdigital [15].

Alcatel Lucent / Shanghai Bell [16].

IPWireless [17].

	changes to UE category
	Most strategies involve reduction in peak rate support:
· smaller max transport block size

· Turbo code issues (smaller block size or use convolutional code)

· reduced buffer sizes

· DL may be more significant than UL
	Huawei, HiSilicon, CMCC [2].
Sony Corp, Sony Europe [3].

Ericsson, ST Ericsson [4].

ZTE [7].

Mediatek [8].

Samsung [9].

Pantech [10].

Nokia, NSN [11].

Renesas [12].

LGE [13].

Intel [14].

Alcatel Lucent / Shanghai Bell [16].

IPWireless [17].

Vodafone [18].

	reduced transmit power
	Reduction of transmit power may increase battery lifetime and reduce component cost.
Drawbacks

The UL coverage would be affected:

· coverage enhancing features could be applied to PUSCH

· control channel performance also a concern

· use of heterogeneous networks
	Supporters:
Sony Corp / Sony Europe [3].

IPWireless [17].

Vodafone [18].

Fujitsu [19].

Companies seeing drawbacks:

Huawei, HiSilicon, CMCC [2].

Ericsson, ST Ericsson [4].

Mediatek [8].

Samsung [9].

Nokia, NSN [11].

Interdigital [15].

	Processing reductions
	Support of lower peak rates (lower category) may naturally lead to less processing.
Accounting for sparse PDCCH or deterministic traffic patterns may reduce complexity.

Reduced signalling can reduce processing and support more devices per cell.
	Huawei, HiSilicon, CMCC [2].

LGE [13].
IPWireless [17].

	HARQ
	Reduces required HARQ buffer sizes.
Can reduce PDCCH size without HARQ.

Processing could be simplified by removal of HARQ: no HARQ-ACK signalling.

Drawbacks

· coverage may be impacted
	Huawei, HiSilicon, CMCC [2].
ZTE [7].

Samsung [9].

Alcatel Lucent / Shanghai Bell [16].

	Single receive chain
	There are various implications:
· fewer RF chains

· fewer ADCs

· processing and storage reduction

· fewer antennas

· can multiple antennas fit into a small form factor MTC device anyway?

· cannot support MIMO

Issues

Coverage impact

· PDSCH (solve with more repetition?)

· control channels incl PSS / SSS, PBCH

· but are most deployments UL limited anyway?
	Huawei, HiSilicon, CMCC [2].
Sony Corp, Sony Europe [3].

Ericsson, ST Ericsson [4].

Mediatek [8].

Samsung [9].

Nokia, NSN [11].

Renesas [12].

LGE [13].

Intel [14].

Interdigital [15].

Alcatel Lucent / Shanghai Bell [16].

	PDCCH issues
	Potential modifications:
· fewer PDCCH formats

· smaller PDCCH bandwidth

· reduced blind decoding

MTC UEs might benefit from PDCCH changes anyway to support many UEs.
	Huawei, HiSilicon, CMCC [2].
Samsung [9].

Pantech [10].

Fujitsu [19].

	Transmission mode reduction
	Reduction in number of transmission modes
	Huawei, HiSilicon, CMCC [2].

	MIMO-less operation
	MIMO is automatically removed with a single receive antenna UE

May need to maintain support for single stream closed loop pre-coding
	Huawei, HiSilicon, CMCC [2].

ZTE [7].

Samsung [9].

Pantech [10].

Nokia, NSN [11].

LGE [13].

Intel [14].

Alcatel Lucent / Shanghai Bell [16].

	Half duplex mode
	Allows removal of duplexer
As well as direct cost benefits there may be other benefits:

· improved receiver sensitivity

· lower transmit power

· useful for fragmented bands
	Sony Corp, Sony Europe [3].
Ericsson, ST Ericsson [4].

Interdigital [15].

Alcatel Lucent / Shanghai Bell [16].

IPWireless [17].

	RF band reductions
	Multi-band front end modules are more complex

700 / 850 / 900MHz bands may be most popular for MTC

As well as direct cost saving, support for fewer bands may also:

· improve receive sensitivity

· improve filter efficiency
	Ericsson, ST Ericsson [4].

Mediatek [8].

Nokia, NSN [11].

Intel [14].
Interdigital [15].

Alcatel Lucent / Shanghai Bell [16].

Fujitsu [19].

	DTX / DRX
	Reducing “ON” time would:

· help fulfil goal of a power consumption similar to GPRS

· improve battery life
	Ericsson, ST Ericsson [4].
Samsung [9].

Pantech [10].

	Measurements
	Reduction in CSI reporting, especially important for aperiodic modes where pre-processing is more difficult.

Consider relaxation of support for link adaptation.

Reduced bandwidth also reduces measurement complexity.

Fewer requirements for measurements when MIMO is not supported.
	Mediatek [8].

Renesas [12].

LGE [13].

Fujitsu [19].

	Downlink transmit diversity support
	There are disadvantages to removing support for transmit diversity:
· required for existing cells with 2TX or 4TX CRS ports.

· desire to support single stream closed loop pre-coding

· required for PBCH decoding
	Disadvantages pointed out by:
Samsung [9]

Nokia, NSN [11]

LGE [13]

	Removal of support for some higher order modulations
	UL and DL requirements might be separate.

Benefits

· lower cost, less precise ADC / DAC

· reduce ADC power consumption

· reduce ADC precision

· baseband processing precision reduced

· lower linearity requirements

· less PA backoff

· lower precision local oscillator
	Samsung [9].

Nokia, NSN [11].

Interdigital [15].

Alcatel Lucent / Shanghai Bell [16].

Fujitsu [19].


3 Summary of Companies Proposing Strategies
Table 2 provides a summary of those companies that have indicated certain strategies as being useful towards cost reduction of LTE devices for MTC. 

Note: presumably companies have internal prioritisations of their preferred approaches to cost reduction: these internal prioritisations were not always evident in the Tdocs [2] – [19], hence Table 2 is unable to weight the strategies by these internal prioritisations. However this table still gives some indication of how RAN1 companies initially view the most important approaches to LTE cost reduction for MTC devices.
Table 2 –​ Companies identifying various cost reduction strategies as useful

	
	Huawei, HiSilicon, CMCC
	Sony Corp, Sony Europe
	Ericsson, ST Ericsson
	CATT
	HTC
	ZTE
	Mediatek
	Samsung
	Pantech
	Nokia, NSN
	Renesas
	LGE
	Intel
	Interdigital
	Alcatel Lucent / Shanghai Bell
	IPWireless
	Vodafone
	Fujitsu

	Bandwidth reduction
	x
	x
	x
	x
	
	x
	x
	x
	
	x
	x
	x
	
	x
	x
	x
	
	

	Category reduction
	x
	x
	x
	
	
	x
	x
	x
	x
	x
	x
	x
	x
	
	x
	x
	x
	

	Transmit power reduction
	
	x
	
	
	
	
	
	
	
	
	
	
	
	
	
	x
	x
	x

	Processing reductions
	x
	
	
	
	
	
	
	
	
	
	
	x
	
	
	
	x
	
	

	HARQ
	x
	
	
	
	
	x
	
	x
	
	
	
	
	
	
	x
	
	
	

	Single receive chain

	x
	x
	x
	
	
	
	x
	x
	
	x
	x
	x
	x
	x
	x
	
	
	

	PDCCH issues
	x
	
	
	
	
	
	
	x
	x
	
	
	
	
	
	
	
	
	x

	Transmission mode reduction
	x
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	MIMO-less operation
	x
	
	
	
	
	x
	
	x
	x
	x
	
	x
	x
	
	x
	
	
	

	Half-duplex mode
	
	x
	x
	
	
	
	
	
	
	
	
	
	
	x
	x
	x
	
	

	RF band reductions
	x
	
	
	
	
	
	x
	
	
	x
	
	
	x
	x
	x
	
	
	x

	DTX / DRX
	
	
	x
	
	
	
	
	x
	x
	
	
	
	
	
	
	
	
	

	Measurements
	
	
	
	
	
	
	x
	
	
	
	x
	x
	
	
	
	
	
	x

	Downlink transmit diversity
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Higher order modulations
	
	
	
	
	
	
	
	x
	
	x
	
	
	
	x
	x
	
	
	x


Figure 1 summarises the numbers of companies supporting the identified cost reduction strategies.
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Figure 1 – Numbers of companies supporting identified cost reduction strategies

4 Vision of Low Cost MTC LTE UE

Based on the numbers of companies identifying the various cost reduction strategies (Figure 1), the specification impacts and the potential cost savings from the identified cost reduction strategies, in Table 3 we attempt to identify an initial vision of the features that a low cost MTC LTE UE might support and whether those features are achieved purely by implementation decisions or by including specification changes.
Table 3 – Features supported by a low cost UE

	Supported feature
	Achieved by

	Reduced UE category
	specification changes

	Reduced operation bandwidth
	specification changes

	Single receive chain
	implementation with some thought given in the specs to coverage maintenance

	Single / reduced number of RF bands
	implementation

	Downlink transmit diversity
	no changes compared to Release 8 – 10

	Transmit power = +23dBm
	no changes compared to Release 8 – 10

	QPSK only 
	specification change: potentially as part of the UE category reduction

	channel feedback limited to CQI
	MIMO-less operation


There are then a set of features that could be altered if those features did not have significant specification impacts but yielded useful cost savings. These features are: modifications to HARQ operation, reduced PDCCH processing, reduced measurements requirements, reduced protocol processing and use of DTX / DRX to reduce complexity. In addition a low cost MTC LTE UE could be implemented in half-duplex mode only.
5 Conclusion

At RAN1#66bis, 18 documents were submitted that identified various approaches to reducing the cost of MTC LTE UEs. This Tdoc has reviewed those Tdocs and identified which approaches appear to have the greatest degree of support among RAN1 companies. Based on that review, it appears that a low cost MTC LTE UE is likely to have most of the following features:

· reduced UE category

· reduced operation bandwidth

· single receive chain

· single or reduced number of RF bands

· downlink transmit diversity support

· +23dBm transmit power

· QPSK-only modulation

· channel feedback is limited to CQI (i.e. MIMO-less operation)

Based on the above vision for a low cost MTC LTE UE, it is proposed that RAN1 focusses the study item on the impacts of those strategies that involve specification changes (since strategies that can yield a low cost MTC LTE UE solely through implementation decisions are outside the scope of RAN1). Hence it is proposed that from a cost reduction perspective, prioritisation is given to the following issues relating to cost reduction:
· backwards compatible support for low bandwidth operation

· coverage issues related to operation with a single receive chain

· agree on a target category for a lower cost MTC LTE UE, supporting QPSK only
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