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1. Introduction
Relaying is a potential tool in LTE-Advanced for improving coverage, temporary network deployment, etc. Several types of relays have been discussed in various RAN1 contributions based on their functionality, ranging from analog repeaters to full-service (a.k.a self-backhauling or L3) relay nodes (RN). This contribution discusses issues related to various relay deployment options, particularly with respect to the frequency carriers used for RN-eNB link, eNB-UE link, and RN-UE link, which also determines the multiplexing scheme of these links and the duplexing (TDD or FDD) requirements of RN or eNB. This contribution focuses on relays that operate inband (i.e., RN-eNB link share the same carrier with eNB-UE access link) and in FDD network. 

2. FDD Network with a pair of carriers
This is a typical operation scenario where RN is added to a traditional FDD network to improve coverage/throughput. In this case, the RN(eNB link must operate using the DL or UL or both carriers. 

2.1 Conventional Time-Division Duplexing Relay Operation
The conventional relay operation assumes the following multiplexing structure (see Fig. 1). In this operation, eNB→RN link and eNB→UE link share DL carrier, and similarly RN→eNB link and UE→eNB link share the UL carrier. From the macro eNB perspective, the RN may appear as a regular or special UE, while simultaneously, RN may appear as a regular eNB to a UE2 that is being served by the RN (i.e., UE2 camps on and gets service from RN in a way that is the same as from a regular eNB). For clarity, it is assumed that UE1 is a UE that is served by the macro eNB and UE2 is a UE that is served by the RN.
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Figure 1. Conventional duplexing diagram for Relay. 
Since, the Relay Node (RN) cannot simultaneously Tx and Rx in the same DL frequency band (F1), the eNB→RN and RN→UE2 links are time multiplexed as they share the same carrier. (Similarly, the RN→eNB and UE2→RN links are also time multiplexed in the UL frequency band F2). In other words, RN operates as a FDD-eNB from UE2 perspective, but the RN has to support TDD operation (Tx and Rx) in both DL and UL carriers. Note that there is no impact on the eNB as it operates in the usual fashion (DL Tx on F1, and UL Rx on F2). The time-multiplexing of the eNB→RN and RN→UE2 links can be efficiently supported via the flexible MBSFN signaling in Rel-8 specification. Several RAN1 contributions [1-5] have proposed that such a time-multiplexed Relay operation can be supported in a backwards compatible manner without any impact on Rel-8 UEs measurements or performance. The advantages of such a conventional Relay operation are as follows:

· Conventional Relay operation via MBSFN-based approach leads to a fairly symmetric spectrum usage as the RN-eNB traffic load is supported via both UL and DL frequency band utilization. 

· The UE1→eNB and RN→eNB transmissions can occur in same subframes (via FDM). Similarly, the eNB→UE1 and eNB→RN transmission can also occur in same subframes (via FDM).

· There is no change required in eNB FDD behavior – it still transmits on F1, and receives on F2. There is no Tx/Rx switch insertion loss at the eNB ( no negative impact on macro-cell UE1. Only RN needs to have a Tx/Rx switch in the transceiver chains. 

· The eNB is able to transmit and receive from UE1 continously without any interruption due to RN,  which means no UL ACKs from UE1 are lost. Hence, no special scheduling considerations are required for serving the UE1 (macro-cell UEs). 

Conventional TDD Relay operation via MBSFN signaling with the eNB→RN transmission in DL band and  RN→eNB in UL band has simplified design.

2.2 Uplink/Downlink Band Swapping Relay Operation (RN uses only DL/UL carrier)

In [6] R1-084206 (and also [7], R1-084473), a multiplexing scheme called UL/DL band-swapping was proposed. In band-swapping, the eNB→RN and RN→eNB links are supported in a single band (i.e. uplink band F2 in R1-084206 or downlink band F1 in R1-084473). This is shown in Figure 2. 
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Figure 2. Duplexing diagram for UL/DL band swapping Relay operation.

The following are some drawbacks of the UL/DL band swapping :

· Band swapping requires a new eNB behavior since an eNB is typically not required to transmit on the uplink band. Furthermore, it forces an asymmetric eNB (Tx on F1, Tx and Rx on F2) which requires time-division multiplexing on F2. Therefore, there is additional Tx/Rx switch insertion loss at the eNB on F2. Similarly, the RN also has Tx/Rx switch insertion loss on F2.  

· Band-swapping requires the eNB to be transmitting from F2 that is typically a receive band for eNB. If another eNB in the neighboring cell is receiving from a different RN or UE1 on F2, then the eNB’s transmission in F2 could lead to significant co-channel interference to the other eNBs that are receiving at F2. Even when other eNBs are receiving in channels/carriers  adjacent to F2, there could be coexistence issues due to ACLR (e.g. co-located eNBs of different operators on the same tower)

· One possible solution is to reduce the Tx power when the eNB transmits to RN on F2. However, the eNB-RN backhaul link spectral efficiency could be significantly reduced negating the benefit of deploying relays.

· As seen in Figure 2, band-swapping leads to asymmetric frequency usage with increased load on F2, the uplink frequency band. The UL band has to support four links UE1→eNB, eNB→RN, RN→eNB and UE2→RN. This leads to inefficiency as the DL spectrum remains under-utilized and the backhaul becomes a significant bottleneck.

· The UE1→eNB and eNB→RN transmissions have to occur in orthogonal subframes since UE1 cannot transmit to eNB, when the eNB is transmitting to the RN. Therefore, the presence of RNs in a macro-cell directly impacts (and reduces) the UL throughput in the macro-cell. 

· The uplink ACK/NACK transmissions from UE1 to eNB are lost when eNB is transmitting to the RN, leading to additional downlink throughput loss in the macro-cell.  While the RN could potentially listen and forward the uplink ACKs from the UE1 as discussed in R1-084206, this requires a complicated cooperation mechanism between eNB and RN – the RN is forced to serve all the UEs served by the eNB. Furthermore, the other option in R1-084296 suggest that it is possible to designate the associated DL subframes (for which UL ACKs are missed) as MBSFN (or not schedule PDSCH transmissions), but this will lead to further inefficiency and more DL throughput loss in the macro-cell.  

· Near-far problem: Unbalanced received power levels at the RN when receiving from both eNB and UE2 concurrently is yet another factor causing performance degradation.

The above issues exist even if the downlink carrier F1 (rather than F2) is used for eNB-RN backhaul as suggested in R1-084473.

2.3 SDD Relay Operation (also called reverse FDD operation) - RN uses both DL and UL carriers

Another duplexing option suggested in R1-084473 is the reverse FDD operation, which is similar to the band-swapping in that the RN→eNB and RN→UE2 links can concurrently share the same band (e.g., F1), and the eNB→RN and UE2→RN can also concurrently share the same band (F2). In other words, the eNB-RN link still uses both DL and UL carriers with eNB->RN using F2 and RN-> eNB using F1. This is also similar to SDD relaying whose drawbacks were further discussed in [8], R1-084401. 
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Figure 3. Duplexing diagram for SDD Relay or reverse FDD relay operation. 
Here, the idea seems to be that the RN receives only on F2 and transmit only on F1 without Tx/Rx switch loss. However, this forces the eNB into a TDD operation with a Tx/Rx switch insertion loss at both F1 and F2. It appears that this SDD is similar to the conventional TDD Relay operation described in Fig. 1 with the roles of RN and eNB exchanged. 

With SDD, the eNB cannot serve UE1 on some subframes in the uplink and downlink (i.e., cannot receive from or transmit to), thus affecting the macro-cell UEs.  Moreover, eNB->RN transmission at F2 could be received by another eNB on F2 (e.g. co-located on the same tower) – causing co-channel interference or ACLR in adjacent bands (i.e., coexistence issue). Further drawbacks of SDD include the following:

· Near-far problem: Unbalanced received power levels at the RN when receiving from both eNB and UE2 concurrently is yet another factor causing performance degradation.

· Additional interference concerns resulting from uncoordinated frequency partitioning between eNB→RN and UE2→RN links in neighboring cells. 
· Loss of throughput in the macro-cell UL and DL as the eNB to UE1 links gets significantly impacted. The eNB→UE1 link has to be time-multiplexed with RN→eNB link and similarly the UE1→eNB has to be time-multiplexed with the eNB→RN link.  
3. Carriers Aggregation in FDD deployments
Relay operation has more options in case of carrier aggregation. For example, if there is another pair of carriers (e.g., F3 for DL and F4 for UL), then RN can effectively operate out of band which is simpler than in-band operation. Of course in order to allow RN to receive from F3 and transmit on F1 at the same time, sufficient duplex gap must be provided. The UEs served by the RN may not be able to enjoy the direct benefits of aggregated carriers (F1 and F3) but they will experience improved performance due to the out-of-band relay operation. Note that it is possible to extend the in-band discussions from Section 2 to the carrier aggregation directly. If there is a TDD spectrum for aggregation (e.g., F5), it is possible to be achieve out-of-band relay operation using the TDD spectrum for the backhaul (eNB-RN link). 

4. Conclusion
The contribution discussed three different multiplexing options for inband Relay support and their advantages and disadvantages. Considering the co-channel interference and macro-cell efficiency issues, it is concluded that the conventional TDD Relay operation via MBSFN signaling with the eNB→RN transmission in DL band and  RN→eNB in UL band is a constructive and a simple way of enabling Relay operation in LTE-A.
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