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1. Introduction
This contribution is an update of R1-080346 correcting a typo in the conclusion section
At RAN1#47bis in Sorrento, it was decided to support half-duplex operation for FDD terminals. In half-duplex FDD, transmissions and receptions are non-overlapping in time from a UE point-of-view. From a base station point-of-view, there can very well be, and almost always are, simultaneous downlink and uplink transmissions within a cell, although to/from different UEs. 

This document will highlight some of the design aspects related to half-duplex FDD.
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Figure 1: LTE duplex schemes.

2. Discussion

2.1. Mix of half- and full duplex FDD

One of the benefits with support of half-duplex operation is the simplified UE design as no duplex filter is necessary, an essential benefit in frequency bands with a very small duplex distance. Depending on the UE capabilities, a terminal is capable of either half or full duplex operation in a certain frequency band. Thus, from a network perspective, a mixture of half and full duplex FDD UEs can be present in a cell which need to be supported by the specifications
. Note that, according to 36.211, half-duplex and full-duplex FDD terminals both use frame structure type 1.

Conclusion: A mix of half and full duplex FDD terminals in a cell shall be supported by the specifications.

2.2. Relation to band-of-operation

Bandwidth-agnostic RAN1 specifications is a guiding principle in the LTE specification work. A similar principle is recommended for the half-duplex operation, i.e. the RAN1 specifications should make no assumption on a specific frequency band being intended for half or full duplex FDD only. This is also in line with supporting a mix of half- and full duplex terminals in a cell as well as the case of half-duplex terminals only.

Conclusion: From a RAN1 perspective, half-duplex operation should not be band-specific.

2.3. Uplink-Downlink Allocation

A half-duplex FDD terminal does not support simultaneous transmission and reception and obviously there must be a mechanism defining whether a certain subframe supports reception or transmission. Two principles can be envisioned:

· dynamic UL/DL allocation, where the UL/DL allocation is part of the scheduling decision.

· semi-static UL/DL allocation, where the UL/DL allocation is given by RRC signaling.

2.3.1 Dynamic UL/DL allocation

In a dynamic scheme for uplink-downlink allocation the terminal is in principle prepared to receive downlink transmissions in all subframes except those that has been explicitly assigned for uplink transmissions through a scheduling grant. Half-duplex operation would in this case rely on the scheduler ensuring the terminal is not transmitting and receiving in the same subframe (including PUCH and PHICH transmission activity related to transmission of hybrid-ARQ acknowledgements and CQI)
. A simple scheduler implementation could use a static uplink/downlink pattern for each terminal (this would be similar to the scheme described in Section ‎2.3.2) but more advanced implementations are also possible. This scheme allows for full flexibility in the uplink/downlink allocation and no loss of spectral efficiency as there, from a network perspective, can be simultaneous uplink and downlink transmissions in all subframes.

Depending on the scheduling decisions, the terminal may occasionally not be able to receive data in subframe 0, e.g., because of transmission of an uplink hybrid-ARQ acknowledgement, and therefore not be able to receive the PBCH in this subframe. However, from a PBCH point-of-view, this is not different from a fading dip and not a major problem.

Control signaling aspects such as the timing of the hybrid-ARQ acknowledgements would follow the same rules as for full duplex FDD, i.e., the terminal/eNodeB transmits a hybrid-ARQ acknowledgement a fixed time after reception of downlink/uplink data.

From a specification perspective, this is a simple approach. No additional specification work compared to full duplex FDD is required.
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Figure 2: Example of dynamic uplink-downlink allocation.

2.3.2 Semi-static UL/DL allocation

In a semi-static design, RRC signaling assigns a UE-specific transmission/reception pattern to terminals operating in half-duplex. The pattern, of which an example is given in Figure 3, informs the UE in which subframes it is supposed to listen to downlink transmissions and in which subframes it may be scheduled for uplink transmissions. This knowledge is also used by the scheduler when as part of the scheduling process.

Since the terminal need to have the possibility to receive the system information (PBCH and “dynamic BCCH”) in at least some subframes, the uplink-downlink pattern need to define at least subframe 0 as a downlink subframe. Consequently, in a cell with only half-duplex terminals, there could be an uplink spectral efficiency loss of at least 10% as at least subframe 0 cannot be used for uplink transmissions. 
TDD-like control signaling is required as a terminal may need to feed back multiple hybrid-ARQ acknowledgements in a single subframe. This is illustrated in Figure 3.

From a specification perspective, this is a more complicated approach. Additional specification work is required to cover the handling of multiple hybrid-ARQ acknowledgements in a subframe and for signaling of the uplink/downlink allocations. Furthermore, the schemes imposes restrictions on the transmission of dynamically scheduled system information on the DL-SCH, more specifically the duration of such transmission, as only subframes which are defined as downlink for all terminals can be used for this purpose.

Conclusion: The uplink-downlink allocation is dynamically created as part of the scheduler operation.


[image: image3.emf] 

subframe number

10 ms radio frame

UE Rx

UE Tx possibility

R

T

UE Rx

UE Tx possibility

R

T

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

R R R R T R R R R T R R R R T R R R R T R R R R T R R R R T

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

R R R R T R R R R T R R R R T R R R R T R R R R T R R R R T

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

R T R R T R T R R T R T R R T R T R R T R T R R T R T R R T R T R R T R T R R T R T R R T R T R R T R T R R T R T R R T

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

R T R T T R T R T T R T R T T R T R T T R T R T T R T R T T

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

R T R T T R T R T T R T R T T R T R T T R T R T T R T R T T


Figure 3: Example of half-duplex operation and the associated ACK/NAK signaling.

2.4. Guard time for downlink-to-uplink switch

When switching from DL to UL (and vice versa), the UE needs to retune to a different frequency and to ramp up the output power. This requires the possibility to create a guard time for the UE to do the switch. The time for switching depends on the implementation but is in the order of one OFDM symbol. Note that this time is only needed if, for a given UE, the transmission follows immediately after reception. The guard time in half-duplex is purely needed from a UE perspective, not from a system perspective. This follows from the fact that despite the terminals being half-duplex, the system is using full-duplex FDD. Thus, unlike TDD operation, there are no issues related to BS-to-BS interference.

The guard time for the downlink-to-uplink switch can be created in at least two ways:

· At the base station by muting the last OFDM symbol(s) in the subframe immediately preceding an uplink transmission from the same UE. This guard time should only affect the transmission of the PDSCH to that UE. In order not to affect other (full-duplex) UEs the reference symbols should not be muted.

· At the terminal by ignoring the last OFDM symbol(s) in the subframe immediately preceding an uplink transmission from the same UE, i.e., the UE is allowed to ignore the last part of the downlink subframe.

In both cases, the link adaptation mechanism can handle the impact on link performance due to the guard time. Also, note that the usage of the subframe immediately preceding an uplink subframe for transmission is up to the scheduler implementation.

Creating guard time at the terminals is simpler from a specification perspective as no explicit guard handling needs to be specified. It is sufficient to specify that the terminal is allowed to initiate the switch to the uplink (DL-UL time units prior to the start of the uplink subframe.  It also offers some implementation freedom as a longer guard time can be traded for an improved receiver performance (as long as the RAN4 requirements are met). Furthermore, it offers robustness to the error case where the UE in a dynamic UL/DL allocation scheme has missed the control signaling such that the eNodeB expects the following subframe to contain uplink transmission while the UE is assuming it is downlink signaling.

Conclusion: Time for downlink-to-uplink switch is created at the terminal by ignoring the last OFDM symbol(s) in a subframe immediately preceding an uplink subframe. There is no need to specify the network behavior in this respect.

2.5. Guard time for uplink-to-downlink switch

Similarly to the DL-to-UL switch, guard time is needed for the uplink-to-downlink switch at the terminal although this switching time is expected to be smaller than the downlink-to-uplink switching time. Defining additional PUCCH formats where the last part of the uplink subframe is punctured to create guard is not desirable from a simplicity perspective. Instead, it is recommended to use timing advance to adjust the uplink timing such that a guard time for the uplink-to-downlink switch is obtained. Thus, in this case, timing advance is used not only to compensate for the propagation roundtrip but also to create guard time for the UL-to-DL switch. Note that the timing of the full-duplex terminals is also adjusted in order to maintain inter-UE orthogonality at the eNodeB.

Conclusion: Time for uplink-to-downlink switch is created by timing advance.
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Figure 4: Guard time for DL-to-UL and UL-to-DL switch.

3. Conclusion

The following conclusions are proposed:

· A mix of half and full duplex FDD terminals in a cell shall be supported by the specifications.

· From a RAN1 perspective, half-duplex operation should not be band-specific.

· The uplink-downlink allocation is dynamically created as part of the scheduler operation.

· FDD control signaling is used for half-duplex FDD.

· Time for downlink-to-uplink switch is created at the terminal by ignoring the last OFDM symbol(s) in a subframe immediately preceding an uplink subframe. No need to specify the network behavior in this respect.

· Time for uplink-to-downlink switch is created by timing advance.

� Whether a certain eNodeB implementation supports half-duplex or not is an implementation choice. 


� The scheduler ordering the terminal to receive and transmit at the same time is obviously an error case. The terminal behavior could either be left unspecified or, preferably, rules how to handle these cases could be specified, e.g., by letting reception/transmission of data override transmission/reception of control signaling.
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