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1 Introduction
In LTE-advanced, relay is considered as an important technology to support high capacity and coverage [1]-[6]. This contribution discusses basic structure of relaying under multi-antenna eNB scenarios.
2 Classification of relays 
We classify  relay technologies as follows :

L0 relay  :    RF repeater (no standardization issue)
      L1 relay  :    Amplify and forward in baseband.

      L2 relay  :    PHY/MAC function
      L3 relay  :    Self-backhauling
L1 relay can select a subband for relaying using baseband FFT/IFFT operation, which would correspond to frequency-selective repeater in [4]. Since L1 relay causes at least one OFDM symbol delay, it is necessary to assign different radio resources for UE-to-relay node (RN) and RN-to-eNB links as well as in L2 and L3 relays. 
3 Relay under multi-antenna eNB 
In LTE-advanced, it is important to consider relaying schemes under multi-antenna eNB. We discuss appropriate number of RNs under N-antenna eNB. This discussion is applicable to all L1, L2, L3 relays.
(a) Case of 1 RN in a cell
 In LOS environments or under small angular spread at eNB, it is possibly difficult to multiplex more than 2 packets in spatial domain of eNB-to-RN link, even if a RN has multiple antennas. This is because the rank of MIMO channel in eNB-to-RN link is small in those environments. It is not efficient to transmit only one packet in a cell of multi-antenna eNB for both UL and DL.
(b) Case of 2 to N RNs in a cell
Cell capacity can be enhanced by introducing multiple eNB-to-RNs links based on SDMA. To do this, it is necessary to deploy multiple RNs in distributed locations such that signals from multiple RNs have semi-orthogonal signatures at eNB.
(c) Case of more than N RNs in a cell
eNB cannot support more than N links in a subband. In order to support more than N eNB-to-RNs links, it is necessary to allocate different subbands to excess eNB-to-RNs links beyond N links.
Thus, it is important to consider multiple RNs and its optimization under multi-antenna eNB. Also, it is necessary to assign subbands flexibly depending on the number of RNs.

4 Further study on L1 uplink relay under multiple RNs
We further study L1 uplink relaying schemes under multiple RNs and N-antenna eNB (N>1). Although we assume one subframe delay in relaying for simplicity, our discussion is applicable to other delay assumptions.
Scheme I)  Relaying scheme through 1 RN for one UE packet
As shown in Fig. 1, one UE transmits a packet and one RN forwards the packet to eNB.
Advantage : Simple

Disadvantage : The signal transmission is vulnerable to interference from other UEs in a cell. 
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Figure 1: Signal transmission in scheme I.

Scheme II) Relaying scheme through J (2
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N) RNs for one UE packet
In this scheme, one UE transmits a packet and J (2
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N) RNs forward the packet to eNB, as shown in Fig. 2. eNB combines the received signals at N antennas to extract the packet.
Advantage : Better signal quality is expected than scheme I.
Disadvantage : Capacity is limited due to only one packet transmission in a cell
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Figure 2: Signal transmission in scheme II.

Scheme III) Relaying scheme through J (2
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N) RNs for multiple UEs’ packets
In this scheme, multiple UEs transmit packets simultaneously and J RNs forward their received signals to eNB in a subband, as shown in Fig. 3. eNB extracts each packet from the received signals at N antennas, using MLD, SIC, MMSE, or ZF. In advance of this signal transmission, it is possible to perform scheduling which selects appropriate transmit UEs through SRS transmission so that the multiplexed packets have semi-orthogonal signatures at eNB. In this scheme, at most J UEs can transmit packets simultaneously. We refer to this scheme as “multi-user relaying”.
Advantage : Higher capacity than scheme II is expected, thanks to multi-packet transmission.
Disadvantage : Complexity at eNB will increases compared to scheme II
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Figure 3: Signal transmission in scheme III.

Scheme IV)  Relaying scheme through J (>N) RNs for multiple UEs’ packets

In this scheme, multiple UEs transmit packets and J RNs receive the signals simultaneously in a subband. J RNs are divided into subgroups of at most N RNs. RNs in each subgroup forward their signals to eNB in a subgroup-specific subband as shown in Fig. 4. eNB extracts each packet from all received signals at N antennas. With scheduling, this scheme is expected to support at most J UEs’ packets. For instance, under 4 RNs and 2-antenna eNB, at most 4 UEs’ packets can be supported at expense of total 3 RBs, as shown in Fig. 4. 
Advantage : This scheme requires less radio resources per UE packet than scheme III
Disadvantage : Complexity at eNB increases compared to scheme III
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Figure 4: Signal transmission in scheme IV.

We considered various types of L1 uplink relaying schemes. Among them, schemes III and IV are expected to have high capacity.
5 Conclusion
From our discussion on relaying under multi-antenna eNB, we see that
-   it is important to consider multiple RNs in a cell to achieve higher capacity. 

-   flexible assignment of subbands depending on the number of RNs is necessary.

In L1 uplink relaying, 
-    multi-user relaying scheme could be an effective way.
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