
3GPP TSG RAN1#57       





                        R1-092168
San Francisco, USA
May 4–8, 2009
Source:
Motorola

Title:
Carrier Aggregation Considerations for Relays
Agenda Item:
15.3
Document for:
Discussion
1. Introduction
Discussion on relays for LTE-Advanced has gained considerable momentum.  RAN1 has reached a conclusion that at least “type 1” relays should be supported by LTE-Advanced [1]. On the other hand, there has been considerable discussion on the impact of carrier aggregation on the transceiver architecture for the eNB and UE.  In the contribution, we focus on design considerations for relays that are influenced by carrier aggregation.  While the relay node (RN) bears strong resemblance to the eNB in terms of functionality, it is also a subordinate of the donor eNB and, hence, is similar to the UEs in the donor cell in that regard.  These considerations are discussed below in the context of carrier aggregation.
2. Carrier Aggregation and Relays
Carrier aggregation allows for aggregation of up to 100 MHz of spectrum on the uplink and downlink. The spectrum thus aggregated may be contiguous or non-contiguous.  The purpose is to provide a wider bandwidth for the corresponding link, the main benefit of which is that higher instantaneous rates can be supported, enabling faster transfer of larger packets on the link, thereby allowing the UE to complete its transmission or reception more quickly and realize power savings.  The provision for different aggregated bandwidths on the downlink and uplink is in the spirit of Release-8 specifications, which allow for different uplink and downlink bandwidths [2].
While both the eNB and UE are required to transmit only on a single link (the downlink and uplink, respectively), by definition an RN must transmit on two links: the access link (downlink) and the backhaul link (uplink).  Therefore, the RN is positioned to optimize each link independently to optimize the system performance and cost.  As discussed in previous contributions, it would be appropriate to limit the number of allowed combinations of aggregated carrier bandwidths to keep the cost and complexity of implementation reasonable.  The RN does not have the same power constraints as a UE and, therefore, greatly flexibility can be allowed in designing its transceiver architecture.  Spectrum aggregation at a relay for both TDD and FDD systems can again be classified [3] under three categories based on the relative location of the component carriers: (a) intra-band adjacent; (b) intra-band non-adjacent; and (c) inter-band carrier.
3. Power and Cost Considerations

Although the transmit power of an RN would typically be more than an order of magnitude lower (at 30 dBm) than that of an eNB, the issues associated with realizing large LPA tuning bandwidths are substantially the same.  In particular, practical technological limitations with respect to linearization and efficiency of LPAs will limit the modulation bandwidth to 30-40 MHz in the near future [3].  Therefore, larger bandwidths can be supported only through the implementation of LPA combining techniques such as hybrid combining, cavity combining, coherent combining, and combining using Fourier Transform Matrix, the choice among which is influenced by considerations of various tradeoffs.  The cost of such implementation is further increased if there is a requirement to support large bandwidths, and hence carrier aggregation, on both the backhaul link and access link in a full-duplex FDD system, where the RN may be required to be simultaneously transmitting (or receiving) on the backhaul and access links.
Another consideration is uplink multiple access.  Clustered DFT-S-OFDMA offers a lower cubic metric (CM) than N×SC-FDMA whereas the latter method, in addition to exhibit a slightly superior link performance, also offers the advantage that little changes are required in the physical layer standard specifications to support it [4]. A higher CM may not be an issue at the RN given that the backhaul link is generally expected to have a good quality.  Multiple options for transmitter architecture are available [5].  If a single wideband LPA is available and is economically viable, outputs of individual transmit chains can be combined using a low-power combiner prior to the LPA.  Alternatively, the outputs of LPAs for lower-bandwidth segments can be combined using one of the techniques noted above.

As noted in [2], it is expected that the analog front-end and the analog-to-digital conversion stages of a terminal receiver would account for a larger fraction of the power consumption in LTE-Advanced when compared with LTE Release-8.  The power consumption of these stages increases with the bandwidth.  This motivates the need for techniques and mechanisms that allow for the use of a single component carrier (the “anchor”) when a large bandwidth is not needed.  Extending this observation to RNs, it can be argued that there is potential for power savings at the relay node by using only as large a bandwidth as necessary on the backhaul link.  If multiple front-ends are used, even if a single wideband analog-to-digital converter (ADC) is employed, the increase in the base current drain to power additional transceiver is large relative to the larger power consumed by the wideband ADC.  Just as UEs in a cell can be assigned different anchor carriers to balance the load, the RNs in a cell can be assigned different anchor carriers.

4. Bandwidth Asymmetry
Another issue is the consideration of symmetry of spectrum between the backhaul and relay-access links.  It can be reasonably assumed that the link quality on the backhaul link would generally be superior to the link quality on the access link.  Therefore, higher physical data rates and potentially higher-rank transmission can be supported on the backhaul link implying that, to transport the same amount of data, a lower physical bandwidth would be required on the backhaul link than on the access link.  Thus, even if carrier aggregation is employed to serve a UE on the access link, the wireless backhaul of that traffic could potentially be achieved without carrier aggregation or by aggregating fewer carriers.

While the RN behaves like a normal or special UE when obtaining resources for the backhaul link, it behaves  like an eNB for all of the UEs that it serves.  Thus, the RN would be responsible for carrier aggregation within the relay-cell while the donor eNB is responsible for carrier aggregation for backhaul links.  The scheduling and carrier-aggregation decisions on the access and the backhaul links can, therefore, be made independently.  This “asymmetry” of the access and backhaul links can exist in addition to any uplink/downlink asymmetry that might exist on either the access or the relay links.  Figure 1 shows an example scenario where asymmetry in aggregated spectrum exists not only between the uplink and the downlink, but also between respective uplinks/downlinks of the backhaul and relay-access links (the blue boxes in the figure indicate a particular instance of component carrier assignment for data transmission and may or may not include the anchor carrier). Furthermore, the anchor carrier may be different on the backhaul and relay-access links.  The ability to use a single component carrier on the backhaul link while allowing carrier aggregation on the relay-access links can yield savings in control overhead.  The choice between single and multiple component carriers is made by the scheduler and the consideration of the relative performance benefits is not within the scope of the current discussion.

[image: image1]
Figure 1. Example Scenario of Carrier Aggregation
5. Conclusions

A full-duplex FDD relay may need to support carrier aggregation on both the backhaul (eNB-relay) and access (relay-UE) links at the same time.  Therefore, the incremental cost for supporting carrier aggregation at the relay is greater than that incurred at an eNB or UE.  However, flexibility exists to allow carrier aggregation on the relay-access links while simultaneously permitting the use of a single component carrier on the backhaul link.  Such asymmetry between the backhaul and relay-access links may yield performance benefits.
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