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1
Introduction
This contribution introduces a relay cooperative way in LTE-advanced system. By taking advantage of the overheard data information at the relay station, the proposed approach exploits a new cooperative access way in the uplink transmission for the UE that is served by the MR-BS. With the introduced relay cooperative way, the network performance, in terms of spectral utilization efficiency and energy efficiency as well as latency, could be substantially improved with a appropriate level of antenna gain with respect to the specific scenario. 
Next, we first present the typical cases that relay cooperative way may be applied. Subsequently, we show a detailed implementation procedure. We also discuss some of the extreme scenarios for the purpose of showing performance gain.
2
Proposed scheme 
2.1
Background
In the existing distributed scheduling scheme, a UE that is served by a relay sends data to relay and then relay forwards the data to MR-BS. Instead, a UE that is served by MR-BS communicates with MR-BS directly. In particular, as shown in Fig. 1.a，a UE that is out of the coverage area of the relay sends data to MR-BS directly. If the data transmission can not be received correctly, MR-BS sends NACK to UE to request retransmission.

In the cooperative communication of the centralized scheduling, MR-BS defines some relays that are supposed to provide coordination communication for a specific UE. When the UE sends data, these relays can not serve for the other UEs except this UE. Meanwhile, the MR-BS allocates a certain amount of the frequency resource in the relay link for the relay to forward the data from the UE. However, in case that the data transmission from the UE to the relay can not be decoded correctly, the allocated frequency resource may not be utilized. With the increasing number of cooperative relays, it will result in significant spectral under-utilization.
2.2 Proposed cooperative way 
During the wireless uplink transmission, a UE that is served by the MR-BS, chooses an appropriate transmission power level for its data transmission to achieve the desired SINR, based on the distance to its serving point MR-BS.  Consequently, the data transmission from a UE to its serving point may be overheard by the nearby relay nodes, though the UE is out of the coverage area of the relay nodes. The current system ignores this phenomena and pays the cost of the additional data retransmission in case that the transmitted data is not received correctly. 
In this text, a relay cooperative way is proposed to complement uplink access through cooperative communication. The relay nodes may spontaneously choose whether to participate in the cooperation to help to forward the data in the uplink transmission procedure based on their overheard data from the nearby UE. In particular, when the relay nodes overhear the data transmission correctly, they do the processing of decode, re-generate and forward to help the UE to transmit the overheard data bits or cyclic redundancy correction bits via their reliable relay link and available link resources. Hence, a complementary access is accomplished to improve the system performance.
The typical case of this kind of relay cooperative way is described as follows.  We consider a UE that is served by the MR-BS. Depending on the transmission power of a UE, the relay node may overhear the data transmission from the UE that is out of its coverage area. Thus, the relay node may choose whether to join in the cooperation to help the nearby UE that is served by the MR-BS to do data transmission, according to its own link situation. The transmitted part could be in the form of HARQ type I, II or III according to its own available resource situation and the QoS requirements of the transmitted data information. 
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Figure 1 A diagraph of cooperative communication case based on the overhearing of the relay compared with the simple communication
2.3 Implementation details

We describe the detailed implementation procedure for case1as follows. The relay is under the distributed scheduling of the MR-BS. Alternatively, the MR-BS has no right to control the UE that is served by the relay and these UE are under the control of the relay. The UE that is under the control of the MR-BS could be cooperatively served by the relay that is under the control of the MR-BS. When the relay overhears the data that is transmitted by the UE towards MR-BS, it may do the decoding and re-generating（HARQ I or II, III）. Subsequently, the relay may send different HARQ blocks to MR-BS and the transmitted different blocks are incorporated to be decoded at MR-BS.

Uplink transmission steps:
When a UE sends the control message to MR-BS to request the allocation of the access up-link resource, it indicates its requirement of resending the sounding signal in the allocated access link resource. We call these sounding signal as re-sounding signal. MR-BS will schedule the transmission of these re-sounding signal and send the scheduled information to the UE and all the relay such that the relay may choose to hear the data information in the specific time slot and the specific frequency channels.
1. Relay does a estimation of the receiving signal strength based on the re-sounding signal that is sent by UE and furthermore resports these estimated information to MR-BS. MR-BS determines the relay set that may do the coordination according to the report. 
2. MR-BS will send the scheduling information of the UE to the cooperative relay and these information involves the coding information for the data transmission of the UE and the scheduled resource block location information. Firstly, the cooperative relay may do the interference coordination according to its own loading situation after receiving these scheduling information of the UE. Secondly, the relay may determine whether to cooperative or not according to whether it has available resource of relay link for use. If yes, the relay checks whether it is free in the used access link resource, i.e., it does not schedule data transmission in these resource for the UE under its control. If free, then the cooperative relay can overhear and decode the data information transmission that UE send to MR-BS. 

3. MR-BS allocates the resource in the relay link for the cooperative relay to feedback the overhearing status.
4. If the cooperative relay correctly decodes the overheard data, it will check how much resource in the relay up-link is available within a certain time interval, and re-encode the data to get the HARQ CRC block.
4.1If the available resource is able to cater for the demand of transmitting regenerated data block of the UE and the information of combination decoding, then the relay sends regenerated data block of the UE to the MR-BS in the available resource. 
4.2 Otherwise，feedback ACK to MR-BS to imply that it correctly overheard the data of UE. 
Note that the combination decoding information indicates which part of the encoded blocks from the UE will to be used to do the combination decoding with the block of the relay. 
5. If the cooperative relay neither decodes the overheard data nor overhears the data of UE, it will send NACK to MR-BS to report the failure of overhearing the data of UE. 
6. After MR-BS receives the transmitted data of the UE, 
6.1 MR-BS fails to decode the transmitted data of the UE, it will wait for the encoded data forwarded by the cooperative relay for a certain time interval. If it receives the encoded data transmitted by the relay within this time interval, it will do the combination decoding for the data sent by UE and relay. 
6.2 MR-BS correctly do the decoding of the transmitted data of UE, it will schedule the transmission of new data of the UE, and return to step 2. 
7. After step 4 1）MR-BS combines the blocks that are respectively sent by UE and relay to do the decoding,
7.1 If MR-BS does a successful combination decoding of the encoded blocks from the UE and the cooperative relay, it schedules the transmission of new data and return to step 2. 
7.2 Otherwise, MR-BS determines the cooperative relays that are able to correctly overhear and decode according to the report of overhearing status from the cooperative relay. MR-BS schedules the cooperative retransmission of UE and relay according to the channel condition.
Figure 2 and 3 describe the flow process procedure of the cooperative relay and MR-BS respectively in the uplink data transmission. 
Note that relay always can intercept the ACK/NACK feedback from the MR-BS so that it can determine whether to transmit next and which part to transmit for the coordination after it decodes the overheard transmission from the UE in early HARQ transmissions. If NACK is detected, the relay regenerates and transmits signal waveforms for subsequent HARQ transmissions. The MR-BS combines the received data transmission from both the UE and the relay in later HARQ retransmissions.
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Fig. 2 The flow process procedure of the cooperative relay
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Fig. 3 The flow process procedure of the MR-BS
2.4 Performance analysis

We provide the theoretical performance bound to study the performance improvement of the proposed self-initialized relay cooperative way compared with the existing scheme. For the convenience of illustration, we employ one cooperative relay.

As shown in Fig. 4, two scenarios in the extreme case are studied. One is that UE, relay and MR-BS lies in a line in order, as shown in Fig. 4. a. Herein, UE is not under the coverage area of the relay, but the data transmission from UE to MR-BS could be overheard by the relay. The other is that relay, UE and MR-BS lies in a line in order as shown in Fig. 4. b. Likewise, UE is not under the coverage area of the relay, but the data transmission from UE to MR-BS could be overheard by the relay. From the perspective of the relay, the former could approximate the best case, i.e., approximately provide the upper bound of the performance. Instead, the latter could approximate the worst case, i.e., approximately provide the lower bound of the performance. The performance is studied in terms of the spectral utilization, latency and energy consumption.
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Before delving into the details of the analysis, we first clarify one question here. It is well known that the relay is introduced typically to cover the hot spot or dead spot, etc. Consequently, there is a limitation of the coverage area with regarding to the transmission range of the relay in the access link. For a UE that is out of the coverage area of the MR-BS, the corresponding transmission range of the UE is dependant on the distance of the UE to the MR-BS. As a result, the transmission range of the UE may be larger than that of the relay in the access link. However, the transmission range of the relay link is determined by the distance of the relay to the MR-BS.

We define some parameters as follows.

	Parameters
	Symbols

	Reference transmission power
	Pt

	Reference transmission distance
	D，D′

	Distance from UE to MR-BS
	dUB

	Distance from relay to MR-BS 
	dRB

	Antenna gain of relay
	Grs

	Antenna gain of UE
	Gue

	Antenna gain of MR-BS
	Gbs

	Transmission power of UE
	Pt-UE

	Transmission power of relay
	Pt-Relay

	The receiving signal strength threshold at MR-BS
	Pr-th

	Path loss factor
	L=I + 37.6log10(.R), R in kilometers

I=128.1 for 2GHz;
I=120.9  for 900MHz 

	The radius of the coverage area of the relay
	dC

	Data bit block
	N0

	CRC bit block 1
	N1

	CRC bit block 2
	N2


Table I, Parameter list

Given a signal with transmission bit of N, N equals to data bit of N0 plus CRC bit block 1 of N1 plus CRC bit block 2 of N2. For the convenience of analysis, we consider a simplified channel condition, i.e., a data transmission is successfully received when the receiving signal strength is larger than a threshold Pr-th 

In scenario 1, assume that dUB=D, then we have dC <D/2 and dRB <D/2 as UE is out of the coverage area of the relay. According to the formula Pr= Pt-L (L=128.1 + 37.6log10R), assume that Pt-UE= Pt，then we have Pt-Relay < Pt-37.6lg2(dB) for the same antenna gain.

In scenario 2, assume dUB= D′,since the relay may overhear the data transmission from the UE, we have dRB <2D′. Assume that Pt-UE= Pt，then we have Pt-Relay > Pt+37.6lg2(dB) with respect to the same antenna gain. Actually，relay is of stronger capability compared with the normal UE. It is reasonable to deem that the antenna gain of a relay is better than that of a UE by adjusting the height of the antenna in a relay or applying the intelligent antenna between relay and MR-BS. Therefore, the resulting energy consumption loss of a relay can be compensated by adjusting the ratio of antenna gain（Grs /Gue）
On the energy consumption analysis:

In the existing scheme, it takes a UE the energy consumption of TN Pt-UE for the data transmission of a signal of N bit. With the self-initialized relay cooperative way based on the relay overhearing, we have

1)
In the optimal case，UE transmit N0 data bit，relay transmit N1 CRC bit，MR-BS incorporates both and decodes successfully；As a result, the energy consumption of the UE is TN0 Pt-UE;；while the energy consumption of the relay is TN1 Pt-Relay；

2)
In the sub-optimal case，UE transmit N0 data bit and N1 CRC bit，relay transmit N2 CRC bit，MR-BS incorporates them and decodes successfully；As a result, the energy consumption of the UE is (TN0 + TN1)Pt-UE；while the energy consumption of the relay is TN2 Pt-Relay；

3) In the worst case，UE transmit N0 data bit，N1 CRC bit and N2 CRC bit，relay do not need to transmit any， MR-BS incorporates them and decodes successfully；Actually, this kind of case aggravates to the existing scheme.
Assume that the transmission power of UE is 20dBm in scenario 1 and 8.6813dBm in scenario 2 respectively. As used in LTE system, we use 1/3 turbo code as an example and choose the value of N0, N1 and N2 according to one resource block for illustration. Accordingly, we have the time duration to transmit the bit of N0, N1 and N2 as 
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Scenario 1：Pt-Relay I  is computed as 20-37.6lg2=8.6813dBm

1）In the optimal case：

The saved energy consumption of UE is 0.1mJ

The energy consumption of the relay is 
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2）In the sub-optimal case：

The saved energy consumption of UE is 0.05mJ

The energy consumption of the relay is 
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Scenario 2：Pt-Relay I  is computed as  8.6813+37.6lg2=20dBm

1）In the optimal case：

The saved energy consumption of UE is 
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2）In the sub-optimal case：

The saved energy consumption of UE is 
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Fig. 5 and 6 show the achievable benefit of energy consumption in the self-initialized relay cooperative way with the optimal case and sub-optimal case versus antenna gain ratio. 
· X axis denotes the antenna gain ratio of relay over UE (10lg（Grs /Gue）（dB）);  
· In Fig. 5-a/5-b, Y axis denotes the totally saved energy consumption (defined as the saved energy consumption of UE minus the energy consumption of the relay) for different scenario respectively; 
· In Fig. 6-a/6-b, Y axis denotes the percentage of the energy consumption at the relay over the saved energy consumption at the UE for different scenario respectively.
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Fig.5-a：The totally saved energy consumption (defined as saved energy consumption (mJ) of UE minus energy consumption of relay) versus the ratio of the antenna gain（in scenario 1）
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Fig.6-a：The percentage of energy consumption of relay over saved energy consumption of UE versus the ratio of the antenna gain（in scenario 1）

Fig.5-a shows that the totally saved energy consumption increases with the increasing ratio of the antenna gain. However, the increasing slope is small, which implies that the benefit of the reduced energy consumption is not impacted much by the antenna gain. 

We observe that in scenario 1, UE could save more energy consumption. The cooperative relay may send the CRC part to MR-BS at a lower transmission power due to its shorter distance to MR-BS than the UE’s. Hence, as shown in Fig.6-a, the energy consumption of the relay covers a small percentage of the saved energy consumption of the UE. This appears as the best case, wherein both UE consumes less energy and cooperative relay consumes less energy to accomplish the data transmission of the UE. As a result, it takes a relay less energy to save most of the energy consumption at the UE. In particular, as shown in Fig.6-a, when 10lg(Grs/Gue) equals to 1, gains of up to 97% energy consumption reduction can be achieved in the optimal case of the best scenario. With the increasing antenna gain ratio, a higher gain of energy consumption reduction can be achieved.
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Fig.5-b：The totally saved energy consumption (defined as saved energy consumption (mJ) of UE minus energy consumption of relay) versus the ratio of the antenna gain（in scenario 2）
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Fig.6-b：The percentage of energy consumption of relay over saved energy consumption of UE versus the ratio of the antenna gain（in scenario 2）
In contrast, Fig.5-b shows that the totally saved energy consumption increases with the increasing ratio of the antenna gain. However, the increasing slope is large, which implies that an incremental antenna gain can bring up the benefit of the reduced energy consumption. 

We are aware of the fact that in scenario 2, the transmission power of UE is less than that of the cooperative relay as UE is of shorter distance to the MR-BS than the relay. That is, it takes a relay a bigger transmission power to send the CRC part of the UE data to MR-BS. This appears as the worst case, wherein neither a UE saves much energy consumption nor the relay pays a small energy cost. When the Grs is small, the energy consumption of a relay is even more than the saved energy consumption at a UE. However, the benefit of energy saving is shown when Grs is almost 10 times of Gue as shown in Fig.6-b, which is attributed to the reduced transmission power consumption of a relay with an increasing antenna gain. Alternatively, it takes a relay a certain cost of antenna gain to achieve the performance improvement of relay cooperative way. 
In summarization, it is shown that the proposed relay cooperative way not only can reduce the energy consumption of the UE, but also can save the total energy consumption of the UE and the cooperative relay. 
On the latency analysis:
In the existing scheme, the transmission of N0 data bit，N1 CRC bit and N2 CRC bit are requested respectively for the data transmission of a signal of N bit. Assume that the delay of transmission is respectively t0； t1 和t2;

With the self-initialized relay cooperative way based on the relay overhear, we have

1）In the optimal case，MR-BS received N0 data bit  that is transmitted by UE after delay t0，N1 CRC bit that is transmitted by relay before t1，then MR-BS incorporates both and decodes successfully；As a result, the total delay is less than (t0+ t1)；

2）In the sub-optimal case，MR-BS received N0 data bit and N1 CRC bit that are transmitted by UE after delay (t0+t1），N2 CRC bit that is transmitted by relay before t2，then MR-BS incorporates them and decodes successfully；As a result, the total delay is less than (t0+ t1+t2)；

3) In the worst case，MR-BS received N0 data bit，N1 CRC bit and N2 CRC bit that are transmitted by UE after delay (t0+t1+t2）. Relay does not need to transmit any. MR-BS incorporates them and decodes successfully；Actually, this kind of case aggravates to the existing scheme. As a result, the total delay is equal to (t0+ t1+t2).
On the spectral utilization efficiency:
The spectral utilization efficiency is not affected by the scenario. In the self-initialized relay cooperative way, a relay determines whether to participate in the coordination or not according to its own load situation. If the scheduled resource by the MR-BS for its served UE.does not overlap with the access link resource of the relay, the relay may choose to join in coordination to improve its spectral utilization efficiency. Otherwise, only if the relay does not schedule data transmission for its served UE in the overlapped frequency resource, the relay may choose to join in coordination. Since the relay only helps to forward data in its available resource, there is no over burden on the resource that is allocated to the relay. In contrast, in the relay cooperative way in the centralized scheduling, MR-BS need to pre-allocate the specific relay link or access link resource for the cooperative relay to forward the data in the uplink data transmission of a UE. Therefore, self-initialized relay cooperative way reduces the resource waste in the relay link considering that it only requests the help of forwarding data or overhearing status in the available resource. 

Although the proposed scheme improves the spectral utilization efficiency，it pays the cost of two signalling：

1）UE need to send the sounding signal again in the allocated access link resource (sub-carriers) according to the scheduling of the MR-BS；2）MR-BS need to send the cooperative relay the related information that is used for the UE to do the modulation or coding. 
However, it is worthwhile to pay the cost of the two signalling. With the introduction of these two signalling into LTE+ system, not only self-initialized relay cooperative way can be employed to improve the spectral utilization efficiency, but also interference coordination can be done.

3
Conclusion

It is well known that in the H-ARQ protocol, a given code word is segmented into packets (here referred to as data bit block and CRC bit blocks) that represent different redundancy versions for a given source message. In principle, for a UE served by MR-BS, the existing scheme regulates that the data bit block and CRC bit blocks are transmitted in a prescribed order in the uplink until the MR-BS send ACK. The proposed relay cooperative way improves it by allowing the relay, that is able to overhear and decode the transmission of UE, joins in the coordination to help to forward the subsequent transmission. In this way, the spectral utilization efficiency of both the relay link and the access link could be improved effectively. Moreover, it effectively reduces the energy consumption of the UE.
Combined with the feature of the distributed scheduling, this kind of relay cooperative way allows the relay stations to spontaneously determine whether to participate in the cooperation to help to forward data or its redundancy check (CRC) bits. It not only improves the spectral utilization efficiency of access link, but also combats the spectral underutilization of the relay link in the centralized scheduling. The proposed approach proves to be both practical and superior to existing access way.
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