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1 Introduction
It is clear that from a service level perspective that LTE is able to offer full duplex services to the UE.  However, at the physical layer, this does not translate into a requirement for the UE to transmit and receive simultaneously.

For operation in unpaired spectrum, the uplink and downlink are separated only in time.  Each link may use the entire system bandwidth for its assigned period of time.  UEs and eNode-Bs operating in this mode are not required to transmit and receive simultaneously (at the microscopic physical layer level) and hence do not require a duplexer. Fast switching between transmit and receive operations is instead performed.
For operation in paired spectrum, the eNode-B must be able to transmit and receive simultaneously such that the assigned uplink and downlink portions of spectrum may be fully utilised in the time domain.  Thus, the eNode-B must incorporate a duplexer.  However, for the UE, two possibilities exist:
· Transmit (on fUL) and receive (on fDL) operations can occur simultaneously – the UE needs a duplexer

· Transmit (on fUL) and receive (on fDL) operations do not occur simultaneously – the UE does not need a duplexer

This situation can be summarised as shown in Table 1 below:
	Spectrum
	Equipment
	Duplexer Required
	Comments

	Paired
	eNode-B
	Yes
	

	
	UE
	Yes / No
	No when simultaneous Tx/Rx is avoided or not required

	Unpaired
	eNode-B
	No
	

	
	UE
	No
	


Table 1 – duplex possibilities
Thus, for the paired spectrum case, the need for a duplexer in the UE is dependent upon the timing and construction of the uplink and downlink signals respectively within the radio frame.  If simultaneous transmit/receive can be avoided (e.g. via appropriate scheduling and signal timings), then the need for a duplexer could potentially be avoided.  There are of-course associated pro’s and con’s.
Removal of the duplexer is generally desirable due to the insertion loss in introduces.  This impacts both the transmit and receive functions.
· For the receive path the duplexer results in an increase in the effective noise figure of the receiver and reduction in the link budget
· For the transmit path the duplexer means that the output power is effectively reduced for the same power amplifier current drain (and the link budget is compromised) or conversely a more powerful (and power-consuming) power amplifier must be used to overcome the insertion loss
In addition to the detrimental effects on coverage and range, the duplexer also adds cost to the device and decreases battery life.

On the other hand, the presence of a duplexer (and the ability to transmit and receive at the same time) can bring about some benefits such as avoiding those restrictions in the design and operation of the system that otherwise may occur if transmit/receive overlap is not allowed.  Additionally, the presence of a duplexer allows for the receiver to be active (e.g. scheduled in the UE case) for 100% of the time if needed.  This allows for an increase in user peak data rate compared to the case without a duplexer and can avoid efficiency losses associated with very large cells.
However, a further consideration of relevance to the duplexing issue is that of maximising the roaming potential and interoperability potential between diverse LTE devices and their networks in similarly diverse spectrum arrangements.

One stated intention in the RAN requirements TR is that commonality between the technologies derived for operation in paired and unpaired spectrum should be maintained to the maximum extent possible.  If this is realised then support for both modes of operation by a terminal designed primarily for one of the modes, should be feasible with minimal additional functionality.

Thus, the ability to support in paired spectrum, a device primarily intended for use in unpaired spectrum (i.e. without a duplexer) increases the opportunities for device roaming.  This is also true in the case of supporting in unpaired spectrum, a device primarily intended for use in paired spectrum (i.e. with a duplexer), although in this latter case, it would probably be common for the duplexer to be bypassed.

In some respects, trade-offs and decisions as to whether the pro’s of having a duplexer outweigh the con’s should be made on a case by case basis by the operator concerned and should not necessarily be imposed by the standard.

For the above reasons, it is therefore proposed that the capability of the UE to transmit and receive simultaneously (i.e. the presence or not of a duplexer) should be a capability parameter of the LTE device.
It is important to note that the intention is that the eNode-B duplex capability would be linked to the spectrum in which it is operating and hence would be statically configured for a given market.  From the UE side, the capability is fixed for a given device.  For complexity reasons, it is not envisaged that changes in the duplex modes of operation would occur for a given UE/Node-B connection.
2 Signalling of Equipment Duplex Capability
If the aims of commonality are achieved, the same (or similar) synchronization signals will be used for both E-UTRA FDD and E-UTRA TDD modes.  Once synchronization has been achieved by the UE, it is envisaged that the UE will read system information on the broadcast channel.  If this system information also indicates the duplex abilities of the eNode-B, then the need for the UE to interpret whether the cell is operating in paired or unpaired spectrum by means of pre-arranged regional band assignments etc… is avoided, thus enabling the standard to be adaptable to changing regulatory issues and inter-regional differences.  Upon determining the type of cell the UE is connected to, the UE would configure an appropriate set of procedures in accordance with the duplexing mode of the system.
A flow chart indicating the envisaged procedure for attachment to a cell is shown in Figure 1.


[image: image1]
Figure 1 - procedures common to E-UTRA FDD and E-UTRA TDD modes for synchronisation and reading system information

During attachment to the cell, the UE could also indicate its duplexing capability (simultaneous Tx/Rx possible or not).  Thus, a UE without duplexer connecting to an eNode-B without duplexer would constitute a true TDD mode of system operation and a UE with duplexer connecting to an eNode-B with duplexer would constitute a true FDD mode of system operation.  However, there are then also the other two remaining cross-possibilities, where one of the UE or eNode-B has a duplexer whereas the other does not.
To enable this flexibility, it is suggested that in addition to the downlink indication of eNode-B duplex capability, the set of parameters defining the UE capability message sent on uplink includes the duplexing ability of the UE.  This may be signaled to the network during initial connection establishment.
3 Summary and Conclusion
The LTE system should be designed such that flexible support of UEs with and without duplexer hardware is possible in both paired and unpaired spectrum assignments.  To achieve this, the following is suggested (see also figure 2):

· The ability of the LTE eNode-B to simultaneously transmit and receive should be signaled via system information (or similar), such that it may be known to UEs before any uplink transmission occurs.

· The ability of the LTE UE to simultaneously transmit and receive should be indicated within the UE capability message conveyed during the initial connection establishment.
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Figure 2 – Signalling support to allow the eNode-B and the UE to indicate their respective abilities to simultaneously transmit / receive
The intention is that the eNode-B duplex capability would be linked to the spectrum in which it is operating and hence would be statically configured for a given market.  From the UE side, the capability is fixed for a given device.  For complexity reasons, it is not envisaged that changes in the duplex modes of operation would occur for a given UE/Node-B connection.
An example text capturing this concept in TR 25.814 is appended.  If there is agreement to this approach, this could either be used as the basis for a CR to 25.814, and/or similar appropriate text for 25.912 could be created.
Alternatively, this decision could be captured in some other way (e.g. in the minutes) and progressed during the WI phase.
Some liaison with RAN2 and RAN4 on these aspects may also be useful.
<<<<<<<<<<<<<<<<<<<<<<< start of text proposal >>>>>>>>>>>>>>>>>>>>

6.2
Duplexing

The E-UTRA air interface supports both frequency division duplex (FDD) and time division duplex (TDD) modes of operation.

The basestation and user equipment are separately either capable or incapable of simultaneous transmission/reception (Tx/Rx) on different carrier frequencies.  Basestation or user equipment incapable of simultaneous Tx/Rx is instead reliant on time division multiplexing of the transmit and receive functions (either on the same or on different carrier frequencies).

Communication is possible between basestations and UEs that share the same ability or inability to simultaneously Tx/Rx.  Communication is also possible between basestations and UEs wherein one has the ability to simultaneously Tx/Rx whereas the other does not.

The capability of the basestation to support simultaneous Tx/Rx is signaled within the cell and this may be read by UEs that both do and do not support simultaneous Tx/Rx.  The capability of the UE to support simultaneous Tx/Rx is signaled to the network during the initial phases of connection establishment.
The downlink and uplink concepts described in sections 7.1, 9.1 and 9.2 are common to FDD and TDD modes of operation unless otherwise stated (i.e. where specific properties/capabilities of FDD and TDD duplex arrangements need to be taken into account).
<<<<<<<<<<<<<<<<<<<<<<< end of text proposal >>>>>>>>>>>>>>>>>>>>
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