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1. Introduction

Relay is a key technology for capacity enhancement and coverage extension in LTE-Advanced [1]-[4]. Some kinds of relay nodes (e.g., L2 relay) are considered to be unable to transmit and receive simultaneously on the same frequency band due to the self interference [3, 4]. So, if these kinds of relay nodes want to receive DL signal from their donor eNBs, they have to stop their own DL transmissions. However, stopping DL transmissions, which include reference signals, control channels, and synchronization signals, may cause malfunction or performance degradation of UEs connected to the relay nodes. Thus, it is necessary to design a new frame structure to support relays in FDD mode, and blank subframe discussed in [5] can be a solution to this problem. This contribution introduces another solution called UL/DL band swapping.
______________________________________________________________________
2. Operation of UL/DL Band Swapping 
The motivation of UL/DL band swapping is to support the relaying functionality without any change in DL transmissions both in the donor eNB and relay node (RN). In UL/DL band swapping, the donor eNB and RN transmit their own DL signal in every subframe as depicted in Figure 1. Thus, a UE can continuously observe reference signals, control channels, and synchronization signals, which implies that there is no impact on LTE UEs in supporting the relaying functionality.
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Figure 1. Transmissions in DL band in UL/DL band swapping.

In UL/DL band swapping, UL band is used for the donor eNB to send data (data that would be transmitted in DL band in conventional frame structures) to the RN. When the eNB wants to send some data to RN in a subframe, it transmits UL signal that contains the data to the RN. The eNB does not listen to the macro UEs’ transmission in this swapped subframe as it is involved in transmission in UL band. This temporary non-reception in the UL band can be supported by issuing no UL grant for the swapped subframe. Note that the UEs connected to the RN may be allowed to transmit UL signal in the swapped subframe as long as their transmissions are orthogonal to that from the donor eNB. Figure 2 depicts an example of UL/DL band swapping. In this figure, the eNB delivers data to the RN in subframe 4. The RN listens to the donor eNB and there is no macro UE’s UL transmission in this swapped subframe.
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Figure 2. An example of UL/DL band swapping.

Data from RN to eNB is also delivered in UL band. In the example in Figure 2, subframe 8 is used for the data delivery in this direction. The RN transmits UL signal to the eNB and it does not listen to the relay UEs’ UL transmission in this subframe. The eNB listens to the RN and some macro UEs can transmit UL signals by using resources orthogonal to the RN’s transmission. Note that the data from the RN to the eNB can include HARQ ACK/NACK corresponding to the eNB-to-RN transmission in the swapped subframe, subframe 4 in this example.
3. Issue Points
There are several issue points in introducing UL/DL band swapping

1. Capability of UL transmission in eNB

The donor eNB should be equipped with the transmission capability in UL band In order to introduce UL/DL band swapping. This point may cause additional cost in implementing eNBs. However, the transmission power in UL band does not need to be as high as that in DL band. This is because the eNB’s UL band power will be controlled to a UE-compatible level and the channel between eNB and RN is expected to be favorable. The transmission power level of the eNB in UL band is related to the inter-cell interference issue which will be discussed below.
2. Inter-cell interference and power control
As an eNB is usually assumed to have more transmission power than UEs, the eNB’s transmission in UL band may cause higher inter-cell interference to other cells. So, it is necessary to control the transmission power of the eNB in UL band in the swapped subframe such that it becomes comparable to that of RNs around cell boundary or UEs located in neighboring cells. Based on the following rationale, we believe that the inter-cell interference problem caused by introducing UL/DL band swapping would not be serious.
· An eNB is usually located in the center of the cell. The center of the cell is the location which causes the least UL inter-cell interference to other cells as long as the transmission power is kept the same. In other words, if the eNB’s transmission power level is set equal to the UE’s or RN’s one, the neighboring cells would observe lower UL inter-cell interference in the swapped subframe.

· The channel condition between the eNB and RN is usually assumed to be favorable. LOS, almost static channel condition, and a large number of Tx/Rx antennas tend to provide a better link quality between eNB and RN than between UE and eNB. This imply that the same level of efficiency and reliability can be achieved with less transmission power, thereby inducing moderate level of interference to other cells.
3. ACK/NACK for DL transmissions
Since the donor eNB does not listen to the macro UEs’ transmission in the swapped subframe, it cannot receive HARQ ACK/NACK sent by UEs in that subframe. This implies that synchronous HARQ ACK/NACK is lost for the DL transmission that was made 4 subframes before the swapped subframe. We may call this frame the non-synchronous-ACK (NSA) subframe. An example of this ACK/NACK lost is illustrated in Figure 3. The eNB sends data to the RN in subframe 4 – the swapped subframe, so the synchronous ACK/NACK that corresponds to the DL transmission in subframe 0 – the NSA subframe – is lost.
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Figure 3. Example of ACK/NACK lost in the swapped subframe.

In order to overcome this ACK/NACK loss, it is necessary to employ a different ACK/NACK policy for an NSA subframe. We can consider several options as follows:

· No transmission of PDSCH to macro UEs in the NSA subframe (subframe 0), which means no ACK/NACK after 4 subframes. This option has no impact on the current specification.

· No-ACK policy can be used. For example, an MBMS subframe can be employed in an NSA subframe. This option has no impact on the current specification.

· ACK relaying can be used. If the RN can receive ACK/NACK transmission of some macro UEs, the RN first receives the synchronous ACK/NACK and then forwards the received ACK/NACK to the eNB. This option has no impact on the current specification in the UE-side but requires a new signal structure between eNB and RN.

· Delayed ACK policy can be used. ACK/NACK for DL transmission in an NSA subframe is transmitted (4+k) subframes later for a given positive additional delay k. PDCCH in an NSA subframe may have flag bits to inform UEs of the usage of the employed ACK policy. This option requires a new signal structure between eNB/RN and UE.
· Bundle ACK policy can be used. ACK/NACK for DL transmission in an NSA subframe is not transmitted until the eNB requests it. The eNB first sends data to a UE without receiving ACK/NACK, and after a while, it transmits an ACK request message. The UE responses to this message by sending a bundle of ACK for DL transmissions.
 PDCCH in an NSA subframe may have flag bits to inform UEs of the usage of the employed ACK policy. This option requires a new signal structure between eNB/RN and UE.
The first three options can be supported by both LTE and LTE-A UEs while the last two options are applicable to LTE-A UEs only. We note that, even when one of the last two options is applied, LTE UEs can be served in a subframe which is not an NSA subframe.
_____________________________________________________________________
4. Comparison with Blank Subframe
We now compare UL/DL band swapping with the blank subframe method.
· Band swapping has no impact on the current LTE specification in the UE-side while blank subframe requires some modifications.
· Band swapping can maintain the continuity of essential DL signals in contrast to blank subframe. This means that a UE can observe reference signal, synchronization signal, BCH, control channels from eNB and RN without interruption. This point can be advantageous in performing cell search, synchronization, and channel estimation.
· Band swapping has a more flexible structure in adjusting the number of subframes used in the eNB-to-RN link. Suppose that the offered load of eNB-to-RN link increases and it is required to increase the number of subframes used for that link. This implies that the number of swapped or blank subframes needs to be re-configured. In band swapping case, only eNB and RN are involved in this re-configuration process and UEs do not need to know how many subframes are swapped. On the other hand, the re-configured result should be announced to all the UEs in blank subframe, which can be an obstacle to rapid adaptation to the load fluctuation.
· Band swapping has several potential issue points discussed in Section 3, which may not be critical in practice.
_____________________________________________________________________
5. Conclusion
This contribution proposes UL/DL band swapping as a frame structure to support relaying function in LTE-A.  Since continuous DL transmission becomes possible in UL/DL band swapping, LTE UEs can be served without changing the current LTE specification. In addition, UL/DL band swapping has more flexible nature in adapting to load fluctuation than the blank subframe method. Implementation of UL/DL band swapping has several issue points such as eNB’s UL transmission capability, power control, and ACK/NACK policy.
______________________________________________________________________
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� Similar ACK/NACK lost happens for the DL transmission of the relay node. In the example in Figure 2, the relay node cannot receive ACK/NACK in subframe 8 which implies that synchronous ACK/NACK for the DL transmission in subframe 4 is lost.


� ACK lost problem in the RN can be solved in a similar way.


� This bundle ACK may be sent in PUSCH.
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