3GPP TSG-RANL1 #57 R1-091960
San Francisco, CA, USA, May 4-8, 2009

Agenda Item: 15.3

Source: Fujitsu

Title: Relaying with Channel Resource Reuse and SIC for LTE-Advanced
Document for:  Discussion and Decision

1. Introduction

In a noise dominant network or a dead-spot, in general, a relay node (RN) may need to be involved,
which aims at resolving the coverage problem. The relay system has been already adopted in IEEE
802.16j [1], and will be potentially developed in long-term evolution advanced (LTE-advanced) as well

[2]-[8].

The relaying node may be applied with different purposes; in rural area the relay aims to improve the
cell coverage, in urban hot spot the relay aims to achieve higher spectrum efficiency, and in dead spot
the relay aims to resolve the coverage problem for user equipments (UE) in coverage holes. The
relaying system may categorized to three types associated with L1, L2, and L3 relay with different
functions, requiring various complexities in terms of control channel, data processing, and high layer
interface [8].

In this contribution, the focus of our discussion is on the L2 relay, and the main intention is to improve
the link efficiency such as achievable overall system throughput and user coverage. The relay system,
in general, utilizes the independent channel for each link with the orthogonal property in order to avoid
the interference between the links. This means that the necessary amount of channel resource is
proportional to the number of relay hops. With two-hop relaying, for instance, twice orthogonal
channel resources have to be utilized. In the relay network, fortunately, there exists a unique property
that the UE served by a relay node receives comparatively lower signal power from anchor eNode-Bs.
This property offers a hint that relay node and eNode-B may transmit the multiple signals
simultaneously by reusing the same channel resource, but targeting different UEs. Namely, the relay
node serves the cell edge UE, while the eNode-B serves the cell center UE. This may aim to improve
the efficiency of the channel resource but without generating too much interference in a relay involved
network.

In addition, successive interference cancellation (SIC) mechanism may further assist the UE to enhance
the link quality. For example, the user served by eNode-B is capable of decoding the transmit packet
from eNode-B to RN, which is used for the cancellation purpose if RN transmits the same packet
reusing the channel resource shared by center UEs. This may significantly improve the link quality of
cell center UEs.

2. Description of General Relay Network Model

For network model explanation, without loss of generality, we simply assume that the network contains
one Node-B, one relay node, both serving two UEs, denoted UE-0 and UE-1, as illustrated in Figure 1.
We further assume that UE-0 is physically closer to the Node-B whereas UE-1, to certain extent, is far
away from the Node-B resulting in a large propagation loss. Thus, the link performance between Node-
B and UE-1 needs to be improved by alternatively using relaying mechanism. In such a cellular

1



environment, the eNode-B performs 1-hop DL transmission with one phase protocol for UEQ while the
relay performs 2-hop relaying transmission with two phase protocol for UEL in consideration of in-
band relaying operation.
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Figure 1: Two hop relaying for DL transmission.

Here, we introduce a notation named Link-n (n =1, 2...) that is defined as data channel delivering only
one data packet which is received in the corresponding link.

In phase-1, the data packet (denoted data-1) is delivered from eNode-B to RN using Link-1, which
meanwhile is received by UE1 on Link-2 as an enhanced signal for relay combining. In phase-2, RN
decodes the packet and encodes it again. The resultant newly formed data packet (denoted data-1
again) with exactly the same MCS (it could be a different MCS based on channel realization) is
transmitted by RN to UEL, using Link-3. At the UE1 receiver, either minimum mean square error
(MMSE) or maximal ratio combining (MRC) may efficiently collect all the desired signals and then
decodes the data packet. In phase-3, the data packet (denoted data-0) is delivered from eNode-B to
UEO using Link-4.

It is worthwhile noting that the signal in Link-2 received by UE1 should be comparatively weak, and
otherwise RN may be unnecessary.



3. Relaying with Channel Resource Reuse

In the proposed relaying with channel resource reuse, we consider two phases protocol for data packet
transmissions, as illustrated in Figure 2. It should be noted that all links in each phase could be
assumed to be either a SIMO or a MIMO link.
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Figure 2: Two hop relaying for DL transmission.

In phase-1, the data packet (denoted data-1) is delivered from eNode-B to RN using Link-1, which
meanwhile is received by both UEO and UE1 on Link-3 and Link-2, respectively. The link qualities
received by UEO and UEL are completely different; the former is much better than the latter. This
ensures that the transmitted packet is successfully received by both RN and UEO. For this, we impose
the MCS for data-1 by choosing the worse MCS between Link-1 and Link-3 which is capable of being
received by either RN or UEQ.

In phase-2, RN decodes the packet and encodes it again. The resultant newly formed data packet
(denoted data-1 again) with exactly the same MCS (it could be a different MCS based on channel
realization) is transmitted by RN to UE1 on Link-4. Simultaneously, eNode-B delivers a new data
packet (denoted data-0) to UEO reusing the same channel resource. At the UEO receiver, the SIC may
be employed to provide non-interference (from RN) like performance by using stored a priori packet
received in phase-1, while at the UE1 receiver, the MMSE may collect all the desired signals and
efficiently suppress the interference from eNode-B.

By doing this way, the number of channel resources used per relaying process can be reduced from 3 to
2, which is the same as what transmitter does without relaying. The relation between eNode-B and RN
serving for UEO may be accounted for a scenario relevant to collaborative MIMO transmission.

In terms of RN receiver, there is no difference between classical relay and proposed relay. The UE
receiver with the proposed relaying, however, has more freedoms other than the classical relaying,
mainly involving a SIC mechanism. The UE receiver diagram with SIC is depicted in Figure 3.
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Figure 3: UE receiver diagram with SIC for proposed relaying.

In the UE receiver, the control channel carrying the phase-1/phase-2 indication has to be detected first,
whereby the SIC controller determines whether the phase-1 or phase-2 signal need be received. If it is
phase-1 signal, on one hand, the switcher (S1) is turned on position-A, and then phase-1 signal is
demodulated and decoded, and the succeeded data packet is stored in the buffer for cancellation
purpose. If it is phase-2 signal, on the other hand, the SIC controller activates the switcher (S2) to
connect the buffer and the encoder and then to the modulator. This generates the corresponding packet
with a proper MCS level, which will be used for SIC purpose. At the timing that the packet generation
gets ready, the SIC controller is turned on point-B of switcher (S1), making the interference
cancellation, and then demodulating and decoding.

4. Power Control

In the proposed relaying, UE1 receives the desired signal from RN, as well as the interference from
eNode-B. In general, the transmission power from eNode-B is much larger than that from RN although
the experienced path-losses are opposite. This could result in a notable impact to UEL. To mitigate
such impact by reducing the interference to UEL, eNode-B in phase-2 which provides Link-6 can be
power controlled or properly power allocated.

It is worthwhile noting that if the cell is not configured to perform the simultaneous transmission with a
frequency reuse mechanism, the power should not be down controlled. The power is only down
controlled in the frequency reused phase, based on the factors such as interference impact and
achievable MCS level.

5. Control Channel Design

In order to accomplish the proposed relaying with a simultaneous data transmission in the same
resource channel, some additional control channels are required.

In Link-1, besides data packet, eNode-B has to transmit control signal in control channel, which
contains the RN ID and UE ID. All UEs and RNs have to decode the control signal but only RN and
UE who match the indicated RN ID and UE ID shall decode the data packet. The decoded data packet
is used for SIC purpose in next coming sub-frame. Figure 4 exemplifies the transmission timing for
data and control channels between two relaying based transmit phases.
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Figure 4: An example of transmission timing for two phases relaying.

The contents in control channel of CCH1, CCH2, and CCH3 as illustrated in Figure 4 are different, and
may be briefly categorized as follows:

e CCH1: MCS, channel resource indication, receive RN ID, receive UEO ID, receive UE1 ID, and
others.

e CCH2: MCS, channel resource indication, receive UE1 ID, and others.

e CCH3: MCS, channel resource indication, receive UEO ID, and others.

6. Conclusions

In this contribution, we have discussed L2 relay and focused the main intention on improving the link
efficiency such as achievable overall system throughput and user coverage. To accomplish such a
target, we reuse the frequency band and make a simultaneous transmission from both eNode-B and RN
to UEs in conjunction with the SIC mechanism at UE receiver. It can be expected that with this
frequency reuse relay, the additional phase from eNode-B-to-UEOQ can be efficiently cut down and its
transmission can be merged in other phase only with a negligible SINR loss for other links.
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