
3GPP TSG RAN WG1 Meeting #68
R1-120800
Dresden, Germany, 6-10 February 2012
Agenda item:
7.7.4
Source:
IPWireless Inc.
Title:
A discussion and text proposal for reduced transmit power in MTC networks
Document for:

Discussion/Decision
1 Introduction

At TSG RAN WG1 #67 and as part of the low cost MTC UEs Study Item [1] it was agreed in [2] that a reduction of transmit power may provide significant cost saving.

This document provides a discussion of this agreement and presents methods by which reduced transmit power MTC devices may be supported in a network deployment.

2 Discussion

In reducing the transmit power of an MTC UE the removal of the final power amplifier stage is thought to provide appreciable cost savings but at the same time reduce uplink coverage [3]. By removing the final stage a device’s output power is likely to be reduced to the range 0dBm to +5dBm. Acknowledging the restriction in uplink coverage resulting from a reduced transmit power MTC UE, and the resulting additional infrastructure cost to restore this coverage, a number of benefits are apparent:

· A lower complexity device from the perspective of the RF design.

· A lower cost device.
· Battery life increase from reduced device power consumption.
· A reduction in network operating costs resulting from a longer battery life and longer mean time between maintenance visits.

· Reduced levels of radiated RF energy providing scope for use in medical applications near the body.
Table 1 provides a description of MTC applications that might be supported when categorised by the MTC UE’s transmit power capability. The categorization covers a Category 1 UE (+23dBm) [4] and a reduced transmit power MTC UE (0 to +5dBm). A further categorization is provided to consider if the network is required for indoors or outdoors operation. In addition to applications a description is provided for all four cases on how the network can be realised and specifically, for the reduced transmit power case, how compensation for the loss of uplink coverage can be addressed. Finally an example application is provided.
	
	Indoor
	Outdoor

	Reduced transmit power MTC UE
	Application
	Where there is a desire for a long battery life with low maintenance costs.
A requirement for low levels of radiated energy.
	A cluster of sensors in a bounded area.

Low cost device and/or long battery life with low maintenance costs.

The additional cost of relay infrastructure is accepted as part of the network design.

	
	Realised by
	HeNB, relaying.
	Small cell, relaying.

	
	Example application
	Body monitoring for medical purposes.
Control and reporting in support of a home security.
	Parking meters within a car park or bounded area of streets or street.
A bounded area of environmental sensors for example flood defence monitoring, traffic sensors or infrastructure monitoring (bridge).

	Category 1 UE
	Application
	An indoor MTC application with mains power supply.
	An outdoor MTC application with little or no limitation on power supply requirements.

	
	Realised by
	HeNB, macro cell, relaying.
	Small cell, macro cell.

	
	Example application
	Control and reporting in support of domestic appliances or in home entertainment systems.
	A variety of vehicular applications including vehicle tracking.


Table 1 – Categorization of MTC applications by MTC UE transmit power
Table 1 highlights a number of possible approaches to restore the loss of uplink coverage resulting from the reduction in MTC UE transmit power; these are discussed further in Table 2.
	Approaches to restoring the loss in uplink coverage
	Observations

	HeNB
	Supports reduced transmit power devices in the local area for indoor use. Likely to be backhauled by ADSL or terminated locally.
Reserving the HeNB for MTC UE devices alone is likely to cause near-far downlink and uplink interference resulting from a device not being served by it best server.
There is no seamless handover when the MTC UE is moving between the coverage of the HeNB and macro cell, and vice versa. This is due to the absence of the X2 interface. It is not expected that this will be an issue for delay tolerant MTC applications.

	Small cell
	Supports reduced transmit power devices in the local area for outdoor use. Recognising that a reduction in the MTC UE transmit power causes the macro cell link budget to be imbalanced then a small cell approach presents an opportunity to balance the downlink and uplink with a reduced small cell transmit power. It is likely that wired backhaul is supported.

Mobility support is expected to be limited however if continuous coverage is required then many cell sites would be required.

	Type 1 relaying [5]

(downlink and uplink)
	Provides support for restoring uplink coverage, but also provides downlink relaying as an artefact of the approach. Requires resources on the Un and Uu for both downlink and uplink transmissions.
If the relay is reserved for MTC UE devices alone and since the relay creates its own cell, transmitting downlink signals, this will result in near-far downlink and uplink interference resulting from a device not being served by it best server.
Supports mobility however a reduced transmit power MTC UE will require support for wide area mobility from numerous overlapping relays in a similar way to the case of the small cell.

	Relay-assisted uplink
(uplink only)
	Removes the necessity to support downlink relaying when uplink relaying only is required for restoring uplink coverage. Requires resources on the Un and Uu for uplink transmissions.
Reserving the relay for MTC UE devices alone may cause near-far interference resulting from a device not being served by it best server. However since a DeNB may be able to schedule the relay, MTC UE and other UEs then this assists in removal of this problem. No downlink signals need to be transmitted by the relay so any interference will only exist in the uplink.
Supports mobility however a reduced transmit power MTC UE will require support for wide area mobility from numerous overlapping RNs in a similar way to the case of the small cell.

	Beamforming
	A beamforming approach can be used to recover uplink coverage. Transmission Mode 7 provides support for Antenna Port 5 using UE specific reference signals in the downlink. A phase reference can be applied to these reference signals when transmitted by the eNB to assist in the demodulation of the PDSCH. The uplink is able to benefit from this downlink beamformed approach using the same weight vectors used in the downlink to provide a beamforming gain taking into account an appropriate duplex distance frequency scaling.
The often cited issue of disparity between non-beamformed downlink control and beamformed PDSCH transmissions is not apparent for uplink transmissions where PUCCH and PUSCH benefit from the same weighting applied at the eNB.
It is important to understand the overhead associated with a beamforming approach and if this overhead seriously impacts the cost of MTC operation. For example quantifying the amount of feedback required to support beamforming operation. It is noted however that Transmission Mode 7 does not require the UE to perform any feed back.
Decisions on a beamforming design and the gains achievable will provide design decision information on the transmit power reduction that can be tolerated when beamforming is used in lieu of, for example, a relaying approach.


Table 2 – Summary of approaches in restoring the loss in uplink coverage
3 Summary and conclusions

It has been recognised in agreements made at TSG RAN WG1 #67 that reduced transmit power MTC UE may provide significant cost saving for a low cost MTC UE. It has also been recognised that this concept for cost saving provides both benefits and drawbacks when compared to a Category 1 UE. The benefits provide battery life increase from reduced device power consumption and a reduction in network operating costs resulting from a longer battery life and longer mean time between maintenance visits. The drawback is the reduction in uplink coverage and additional infrastructure costs in restoring uplink coverage. Five approaches to restoring the loss of uplink coverage have been discussed.
Proposal:

It is proposed that the discussion on reduced transmit power in the text proposal in Annex A be considered by RAN1 for inclusion in TR 36.888 [6] as modified by [2].
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5 Annex A – Text Proposal
~ ~ ~  START OF TEXT PROPOSAL  ~ ~ ~

6.5 
Reduction of transmit power
6.5.1
Description
In reducing the transmit power of an MTC UE the removal of the final power amplifier stage is thought to provide appreciable cost savings but at the same time reduce uplink coverage. By removing the final stage a device’s output power is likely to be reduced to the range 0dBm to +5dBm. Acknowledging the restriction in uplink coverage resulting from a reduced transmit power MTC UE, and the resulting additional infrastructure cost to restore this coverage, a number of benefits are apparent:

· A lower complexity device from the perspective of the RF design.

· A lower cost device.

· Battery life increase from reduced device power consumption.

· A reduction in network operating costs resulting from a longer battery life and longer mean time between maintenance visits.

· Reduced levels of radiated RF energy providing scope for use in medical applications near the body.

Table [x1] provides a description of MTC applications that might be supported when categorised by the MTC UE’s transmit power capability. The categorization covers a Category 1 UE (+23dBm) and a reduced transmit power MTC UE (0 to +5dBm). A further categorization is provided to consider if the network is required for indoors or outdoors operation. In addition to applications a description is provided for all four cases on how the network can be realised and specifically, for the reduced transmit power case, how compensation for the loss of uplink coverage can be addressed. Finally an example application is provided.

	
	Indoor
	Outdoor

	Reduced transmit power MTC UE
	Application
	Where there is a desire for a long battery life with low maintenance costs.
A requirement for low levels of radiated energy.
	A cluster of sensors in a bounded area.

Low cost device and/or long battery life with low maintenance costs.

The additional cost of relay infrastructure is accepted as part of the network design.

	
	Realised by
	HeNB, relaying.
	Small cell, relaying.

	
	Example application
	Body monitoring for medical purposes.
Control and reporting in support of a home security.
	Parking meters within a car park or bounded area of streets or street.
A bounded area of environmental sensors for example flood defence monitoring, traffic sensors or infrastructure monitoring (bridge).

	Category 1 UE
	Application
	An indoor MTC application with mains power supply.
	An outdoor MTC application with little or no limitation on power supply requirements.

	
	Realised by
	HeNB, macro cell, relaying.
	Small cell, macro cell.

	
	Example application
	Control and reporting in support of domestic appliances or in home entertainment systems.
	A variety of vehicular applications including vehicle tracking.


Table [x1] – Categorization of MTC applications by MTC UE transmit power
Table [x1] highlights a number of possible approaches to restore the loss of uplink coverage resulting from the reduction in MTC UE transmit power; these are discussed further in Table [x2].

	Approaches to restoring the loss in uplink coverage
	Observations

	HeNB
	Supports reduced transmit power devices in the local area for indoor use. Likely to be backhauled by ADSL or terminated locally.

Reserving the HeNB for MTC UE devices alone is likely to cause near-far downlink and uplink interference resulting from a device not being served by it best server.

There is no seamless handover when the MTC UE is moving between the coverage of the HeNB and macro cell, and vice versa. This is due to the absence of the X2 interface. It is not expected that this will be an issue for delay tolerant MTC applications.

	Small cell
	Supports reduced transmit power devices in the local area for outdoor use. Recognising that a reduction in the MTC UE transmit power causes the macro cell link budget to be imbalanced then a small cell approach presents an opportunity to balance the downlink and uplink with a reduced small cell transmit power. It is likely that wired backhaul is supported.

Mobility support is expected to be limited however if continuous coverage is required then many cell sites would be required.

	Type 1 relaying
(downlink and uplink)
	Provides support for restoring uplink coverage, but also provides downlink relaying as an artefact of the approach. Requires resources on the Un and Uu for both downlink and uplink transmissions.
If the relay is reserved for MTC UE devices alone and since the relay creates its own cell, transmitting downlink signals, this will result in near-far downlink and uplink interference resulting from a device not being served by it best server.
Supports mobility however a reduced transmit power MTC UE will require support for wide area mobility from numerous overlapping relays in a similar way to the case of the small cell.

	Relay-assisted uplink
(uplink only)
	Removes the necessity to support downlink relaying when uplink relaying only is required for restoring uplink coverage. Requires resources on the Un and Uu for uplink transmissions.
Reserving the relay for MTC UE devices alone may cause near-far interference resulting from a device not being served by it best server. However since a DeNB may be able to schedule the relay, MTC UE and other UEs then this assists in removal of this problem. No downlink signals need to be transmitted by the relay so any interference will only exist in the uplink.

Supports mobility however a reduced transmit power MTC UE will require support for wide area mobility from numerous overlapping RNs in a similar way to the case of the small cell.

	Beamforming
	A beamforming approach can be used to recover uplink coverage. Transmission Mode 7 provides support for Antenna Port 5 using UE specific reference signals in the downlink. A phase reference can be applied to these reference signals when transmitted by the eNB to assist in the demodulation of the PDSCH. The uplink is able to benefit from this downlink beamformed approach using the same weight vectors used in the downlink to provide a beamforming gain taking into account an appropriate duplex distance frequency scaling.

The often cited issue of disparity between non-beamformed downlink control and beamformed PDSCH transmissions is not apparent for uplink transmissions where PUCCH and PUSCH benefit from the same weighting applied at the eNB.

It is important to understand the overhead associated with a beamforming approach and if this overhead seriously impacts the cost of MTC operation. For example quantifying the amount of feedback required to support beamforming operation. It is noted however that Transmission Mode 7 does not require the UE to perform any feed back.
Decisions on a beamforming design and the gains achievable will provide design decision information on the transmit power reduction that can be tolerated when beamforming is used in lieu of, for example, a relaying approach.


Table [x2] – Summary of approaches in restoring the loss in uplink coverage
~ ~ ~  END OF TEXT PROPOSAL  ~ ~ ~

