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Unification of E-UTRA Duplexing
1 Introduction
 In this contribution we consider the following requirements from TR25.913; from subclause 8.1,

1.
E-UTRA shall operate in spectrum allocations of different sizes, including 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz. in both the uplink and downlink. Operation in paired and unpaired spectrum shall be supported.
2.
Unnecessary fragmentation of technologies for paired and unpaired band operation shall be avoided. This shall be achieved with minimal additional complexity.
and from subclause 7.5

c) Unpaired MBMS Operation – the deployment of E-UTRA carriers bearing MBMS services in unpaired spectrum arrangements should be supported

To satisfy the LTE requirements above, we propose three types of UE operation:

1. Full Duplex for paired spectrum allocation

2. Half Duplex for unpaired spectrum allocation

3. Half Duplex for paired spectrum allocation

In UTRA, two types of UE operation are currently supported; full duplex for paired spectrum and half duplex for unpaired spectrum. These duplex methods are generally referred to as FDD and TDD respectively. The third type of UE operation; half duplex for paired spectrum allocation is not supported in UTRA. As will be shown, this third type of UE operation couples the technologies for paired and unpaired operation with minimal additional complexity. This additional type of UE operation helps unify the LTE solution.

We propose that E-UTRA UEs be classified into two modes; 
· FD (Full Duplex) mode UE
· HD (Half Duplex)  mode UE.  
A HD mode UE should have the capability to support both paired and unpaired spectrum allocations and should also be capable of operating alongside FD mode UEs when operating in paired spectrum. 

1.1 FD mode 

FD mode permits simultaneous transmission and reception at both the UE and Node B side. Here one RF carrier is exclusively dedicated for downlink transmissions and one RF carrier is dedicated exclusively for uplink transmissions. Both the UE and Node B require an RF duplexor to separate out the RF uplink and downlink signals. FD mode in E-UTRA can be considered as equivalent to FDD mode in UTRA. FD mode E-UTRA can only be operated in paired spectrum allocations and supports a predetermined range of duplex spacings based on duplexer capabilities.
1.2 HD mode
A HD mode UE does not permit simultaneous transmission and reception; it does not support an RF duplexor, uplink and downlink signals are separated by an RF switch. An E-UTRA HD mode UE can operate in both paired and unpaired spectrum allocations. When operating in paired spectrum allocations a HD mode UE can operate alongside FD mode UEs. 
A HD mode UE should be capable of supporting a wider range of duplex spacings than a FD mode UE.
1.2.1 HD Mode Paired Operation

When the E-UTRA HD mode UE is operated in paired spectrum allocations, the Node B operates in FD mode and supports simultaneous transmission and reception. The HD mode UE is scheduled by the Node B such that time orthogonality is maintained for HD mode UEs, see Figure 1. FD mode UEs served by the same cell can be scheduled in the same frame or subframe as HD mode UEs (e.g. UE3). When a HD mode UE (e.g. UE1, UE2) switches between uplink and downlink, an idle period [2] is employed at the switching point so as to allow the UE sufficient time to re-tune to the appropriate carrier frequency and to switch between transmit and receive modes. In figure 1 a postcursor and precursor idle period is shown at the switching point.

[image: image4.bmp]
Figure 1 HD mode and FD mode UEs coexisting in unpaired spectrum allocations

1.2.2 HD Mode Unpaired Operation

When a HD mode UE is operated in standalone unpaired spectrum, the Node B also operates in HD mode and as such does not support simultaneous transmission and reception, figure 2. In this instance, neither the Node B nor the UE requires an RF duplexor. When a HD mode UE is switched between downlink and uplink, an idle period is employed at the switching point. The idle period for unpaired operation can be different than the idle period for paired operation. For unpaired operation, the idle period is required for timing advance, but there is no requirement to re-tune to a new carrier. This idle period is implemented through the use of idle symbols [2]. E-UTRA HD mode when operating in unpaired spectrum can be considered as equivalent to UTRA TDD mode (but unlike Release 6, the basic transmission scheme for HD and FD operation is the same). An E-UTRA UE that only supports FD mode of operation cannot operate in unpaired spectrum with HD mode UEs.
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Figure 2 HD mode UE in unpaired spectrum allocation
1.2.3 MBMS
Operation of MBMS on an auxiliary unpaired carrier should be possible in E-UTRA [1]. It should also be possible to receive MBMS transmissions at the same time as unicast transmissions, where the unicast transmissions are operating in either paired or unpaired spectrum. When an E-UTRA MBMS capable UE is receiving MBMS transmissions at the same time as transmitting unicast transmissions (either on a second unpaired carrier or on a dedicated uplink carrier as in the case of FD mode), precautions may have to be taken in order to minimise desensitisation of the UE MBMS receiver. Aspects of MBMS and duplexing in LTE are discussed in [3].
2 Requirements
To provide the greatest commonality within E-UTRA operating in both paired and unpaired spectrum allocations, a common set of features and procedures should exist across both FD and HD modes. When a HD mode UE is operated in paired spectrum allocations the procedures for supporting a HD mode UE should be virtually the same as the set of procedures for supporting an FD mode UE. The main differences between the two modes being allocation of physical resource in the HD mode case to maintain transmit/receive time orthogonality. 
When a HD mode UE is operated in standalone unpaired spectrum allocations an additional set of features and procedures on top of the common set should be provided to enable the system to operate on a single carrier frequency whilst also taking advantage of the channel reciprocity. These feature modules should include such things as open-loop assisted uplink power control.
For E-UTRA, it is proposed that a common synchronisation scheme is employed for both paired and unpaired spectrum allocations [2]; during the initial synchronisation procedure the UE determines whether the cell supports paired or unpaired operation. If the cell is operating in unpaired spectrum and the UE is a HD mode UE, the additional feature modules discussed above are enabled at the UE side. If the cell supports paired operation, then the common set of procedures are run as normal.

The UE connects to the network and informs the network whether it’s a FD or HD mode capable UE. The network is then able to serve the UE appropriately.

When the HD mode UE moves from a cell supporting unpaired spectrum to a cell supporting paired spectrum, the HD mode UE disables the procedures for unpaired operation, and runs the common set of procedures for paired operation. Conversely, when moving from a cell supporting paired spectrum to a cell supporting unpaired spectrum, the UE enables the procedures for supporting unpaired spectrum. 
3 Conclusion
In order to maximise the commonality in E-UTRA between paired and unpaired operation we propose two modes of operation; FD mode and HD mode. In summary,

· A HD mode UE should have the capability to operate in both paired and unpaired spectrum allocations. 
· When operating in paired spectrum, a common set of procedures should exist for both FD and HD mode UEs 
· When a HD mode UE is operated in standalone unpaired spectrum additional feature modules are enabled that are used in conjunction with the common set of procedures. We note that some elements of the common set procedures may need disabling to exploit for instance channel reciprocity.
· The network signals whether it operates in FD, HD-paired or HD-unpaired modes. The UE signals duplex capability (FD/HD) to the network as part of the set of overall UE capabilities in order to allow a cell or network operating in paired or unpaired spectrum to appropriately service the UE.
We propose that the notation of FDD mode and TDD mode in E-UTRA be replaced by FD mode and HD mode, where HD mode has two options, paired and unpaired operation.  A text proposal is provided at the end of this Tdoc.
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5 Text Proposal

Note that the following text proposal deletes some text and it assumes that this deleted text is moved to a concept specific section of the TR (thus leaving section 6.2 as concept-agnostic): as per the proposed re-arrangement in [4].
<<<<<<<<<<<<<<<<<<<< START OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>>
6.2
Duplexing



It is stated in [4] that E-UTRA supports stand-alone operation in paired and unpaired spectrum. E-UTRA supports half-duplex (HD) and full-duplex (FD) modes. HD-mode can operate in either paired (HD-paired) or unpaired (HD-unpaired) modes.  Stand-alone operation in unpaired spectrum necessitates the use of  HD-unpaired mode with half duplex UE’s and half duplex Node-B’s (uplink and downlink are time division duplexed in this mode of operation).  Efficient operation in paired spectrum necessitates the use of a full duplex Node-B (using frequency division duplexing).  UEs could be either HD-paired or FD-mode in order to operate in paired spectrum.
The duplex method used by a Node B is signaled in system information. At call setup, a UE signals its duplexing capability to E-UTRAN in order to allow E-UTRAN to schedule the UE appropriately in uplink and downlink.
The methods by which stand-alone operation in paired and unpaired spectrum are supported are detailed in section 7 (DL) and section 9 (UL) for each individual concept.
<<<<<<<<<<<<<<<<<<<<<< END OF TEXT PROPOSAL >>>>>>>>>>>>>>>>>
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