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1. Introduction

The cost of the UE could be decreased by supporting only a single receive RF chain [1]. Compared to the reference LTE modem (UE category 1) with two RX antennas, significant saving in the RF module (LNA, filters, LO, demodulator, mixer, etc.) can be achieved.  Further reductions in baseband component costs can also be achieved due to simpler processing and memory requirements stemming from the absence of any multi-antenna receiver processing.

This contribution analyzes cost reduction benefits versus coverage and capacity impacts from supporting only a single receive RF chain in the UE.  
2. Summary of Analysis
Table 1 - Table 2 summarizes key points from the performance and cost analysis of supporting only a single receiver RF chain at the UE.  Compared to a reference Category 1 UE with two RX antennas, power consumption should be meaningfully reduced.  This reduction stems from the removal of one RF chain as well as especially from a reduction in baseband complexity.  From a performance perspective (see Table 1), there may be some loss in capacity since MTC capacity is most likely to be limited by the control channel (similar to VoIP).  On the other hand, there should be minimal or no coverage loss.  A detailed discussion on capacity and coverage impacts is given in Section 3.
Table 1.  Performance summary of supporting only a single receive RF chain.

	Performance Metric
	Evaluation

	Power consumption
	Reduced power consumption in baseband and RF receiver modules.  

	Coverage
	No or minimal impact.

	Capacity
	There may be some loss in capacity if MTC capacity is limited by the control channel.
Potential downlink capacity loss for other services due to increased utilization from MTC devices.


From a cost saving perspective (see Table 2), meaningful reductions may be achieved both in the baseband and RF modules.  The cost of the RF module could be decreased somewhat with the removal of one RF chain (LNA, filters, LO, demodulator, mixer, etc.).  It is estimated that this can lead to approximately 20% cost reduction from total RF costs.  On the receiver baseband module, simpler components can be used due to the absence of multi-antenna receiver processing as well as reduced raw baseband sample buffering. It is estimated that this can lead to approximately 20-40% cost reduction from total baseband costs.
Table 2.  Cost summary of supporting only a single receive RF chain.

	Cost Metric
	Evaluation

	Baseband
	Approximately 20-40% cost reduction from total baseband costs

	RF
	Approximately 20% cost reduction from total RF costs

	Overall cost 
	Approximately 20-32% cost saving for a reference LTE modem (Baseband + RF, UE category 1)


3. Coverage and Capacity Analysis 
Table 3 illustrates the link budget for LTE with 2TX-2RX antennas at the eNB and 1TX-2RX antennas at the UE.  From the table, it is seen that the PUSCH is the limiting channel for the link budget, and thus LTE is uplink limited.  In addition, it is seen that there is a margin of approximately 6dB between the maximum allowable path losses of the PDCCH and PUSCH.  In Table 3, it is seen that there is a performance loss of approximately 3.5 dB when only one RX antenna is present at the UE.  Thus, it can be seen that the coverage of the LTE system is still determined by the uplink.
Table 3.  Link budget for LTE.

[image: image1.emf]PRACH PUCCH PUCCH PUSCH PDSCH PDCCH

Format 0 1-bit A/N 4-bit CQI 72 kbps 256 kbps 8 CCEs

UE EIRP eNB EIRP

Power (dBm) 23 23 23 23 Power (dBm) 43 43

Tx Antenna Gain (dBi) -2.0 -2.0 -2.0 -2.0 Tx Antenna Gain (dBi) 17.0 17.0

EIRP (dBm) 21.0 21.0 21.0 21.0 EIRP (dBm) 60.0 60.0

Base Station Sensitivity UE Sensitivity

Antenna Gain 17.0 17.0 17.0 17.0 Antenna Gain -2.0 -2.0

Transmission Line Loss (dB) 1.0 1.0 1.0 1.0 Transmission Line Loss (dB) 3.0 3.0

Diversity Gain (dB) 0.0 0.0 0.0 0.0 Diversity Gain (dB) 0.0 0.0

BS Noise Figure (dB) 5.0 5.0 5.0 5.0 UE Noise Figure (dB) 7.0 7.0

Thermal Noise (kT) (dBm/Hz) -174.0 -174.0 -174.0 -174.0 Thermal Noise (kT) (dBm/Hz) -174.0 -174.0

Bandwidth (KHz) 1080 180 180 180 Bandwidth (KHz) 1080 1440

Required SNR(dB) -10.6 -7.1 -6.5 -3.2 Required SNR(dB) -4.2 -4.0

Base Station Sensitivity -135.2 -139.5 -138.9 -135.6 UE Sensitivity -105.8 -104.4

Margins Margins

Lognormal Fade Margin 4.9 4.9 4.9 4.9 Lognormal Fade Margin 4.9 4.9

Interference Margin 1.0 1.0 1.0 1.0 Interference Margin 3.0 3.0

Penetration Loss 18.0 18.0 18.0 18.0 Penetration Loss 18.0 18.0

MS Body Loss 2.0 2.0 2.0 2.0 MS Body Loss 2.0 2.0

Total System Margin 25.9 25.9 25.9 25.9 Total System Margin 27.9 27.9

Maximum allowable Path Loss 130.3 134.6 134.0 130.7 Maximum allowable Path Loss 137.9 136.5

Uplink Channel Downlink Channel


The LTE reference link budget from [4] also shows that the uplink is the limiting link in LTE.  In [4], the there is also a margin of approximately 6dB between the maximum coupling losses of the PDCCH and PUSCH. 
 In the case of more than 2 RX antennas at the eNB (e.g. 4 or 8), the PDCCH may become the limiting channel if there is no corresponding increase in the total transmit power of the eNB.  
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Figure 1.  PDCCH performance comparison – 1 vs 2 RX antennas.

Table 4 compares downlink and uplink cell spectral efficiencies for ITU UMa for different number of eNB Tx/Rx antennas.  From the table, it is seen that although there is a significant loss of capacity on the downlink when only one RF receiver chain is present, the downlink spectral efficiency is still greater than the uplink spectral efficiency.  In general, MTC services are uplink-centric as information is mostly transmitted from the MTC devices to the network.  Examples of typical MTC services include monitoring, tracking, sensors, payment, and remote managements.  Downlink transmissions may be in the form of control messaging, acknowledgements, and updates which may be done in a group-wise manner (e.g. using group-addressing or MBSFN concepts).  As a result, it is not unreasonable to assume that MTC capacity, defined as the number of devices within an area, will be either uplink or downlink control-channel limited.

Table 4.  Cell spectral efficiency comparison (ITU UMa).
	Number of Tx/Rx antennas at eNB
	Downlink 
	Uplink

	
	2 Rx at UE
(UE Cat 1)
	1 Rx at UE
	1 Tx at UE

	8
	2.2
	1.8
	1.6

	4
	2.1
	1.6
	1.4

	2
	1.9
	1.4
	1.0


If MTC capacity is uplink limited, then there is no impact from having only a single receive RF chain.  On the other hand, if MTC capacity is limited by the downlink control channel (i.e. due to PDCCH limitations similar to VoIP), then PDCCH performance loss will result in capacity reduction.  This is potentially the case since MTC services are generally low-rate, thus incurring high control overhead relative to the amount of data.  This loss, however, can be minimized using semi-persistent scheduling.  It is also possible that the ePDCCH can eliminate or significantly reduce any potential coverage or capacity gaps arising from having a single RX antenna when compared to Rel-8 UE.
However, although there is no impact to MTC capacity there is an impact to system capacity for mixed usage as MTC devices take more downlink resources.  For instance, if resource utilization is split 50%-50% between MTC and FTP services, then FTP might loss around 20-25% of capacity.  The loss depends on how much of the downlink system resource MTC devices takes up and how heavily loaded the system is.  Essentially, there is only capacity loss in the downlink if total traffic is really downlink heavy.
If a single receive RF chain is adopted for low-cost MTC devices, then RAN4 performance requirements may be required.

4. Cost Analysis 

Cost reduction analysis has been done as per [4] (i.e. based on computational and memory reduction) – with RF accounting for 40% and baseband accounting for 60% as recommended for evaluation in [4].  By eliminating one receive RF chain, significant RF cost saving can be achieved.  It is estimated that this can lead to approximately 20% cost reduction from total RF costs.

In addition, having only one RF chain also simplifies the baseband processing requirements since spatial or diversity processing is not supported.  As a result, component costs can be reduced due to simpler processing in component blocks such as channel estimation (single channel estimation instead of two) and 2RX processing (no spatial/antenna combining of baseband samples is needed).  Smaller amount of memory is also needed (e.g. half the memory for raw baseband samples is needed).  It is estimated that this can lead to approximately 20-40% cost reduction from total baseband costs.  Note that the estimate will vary from one modem design to another depending for example to which extent legacy modem functions can be re-used. 

For comparison purposes, Table 5 provides a summary of the cost savings from different techniques using cost reduction analysis agreed in [4].
Table 5.  Summary for cost savings for different techniques.
	Technique
	Cost Reduction from total RF costs
	Cost Reduction from total baseband costs

	Bandwidth reduction    (5 MHz) 
	5%
	15%-30%

	Half duplex
	15%
	5-10%

	1 RX
	20%
	20%-40%

	Reduction of transmit power
	5%
	~0%

	Reduction of peak rate
	~0%
	15%-40%


The combined cost saving from RF and baseband modules is estimated to be approximately 20-32% for a reference LTE modem, as indicated in Table 2.
5. Conclusion
From the analysis, it is estimated that having only one receive RF chain can lead to approximately 20-32% cost saving for a reference LTE modem.  There is a slight impact to system capacity and coverage, but a meaningfully reduction in power consumption.  It is also possible that the ePDCCH can eliminate or significantly reduce any coverage or capacity gaps. It is therefore recommended that a low-cost MTC UE be equipped with only a single receive RF chain.  

Recommendation: Only one receiver RF chain is required for low-cost MTC UE.
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