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1
Introduction
This contribution is an update of our previous proposal [1]. It introduces an improved frame structure to mitigate the interference of access up-link in a cell. For a relay under distributed scheduling in LTE-advanced system, the overheard data information from the nearby UEs (that are served by MR-BS) appears as the interference to its access link when the same frequency channels are employed. The proposed frame structure approach exploits a new interference avoidance way in the uplink transmission for the UEs that are served by the MR-BS and the relay respectively. 
2
Proposed scheme 
2.1
Interference occurrence scenario
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, as shown in Fig. 1. Since the access link resource of a UE served by MR-BS and that of the relay are not entirely orthogonal, the overheard data information causes the interference for the access link of the relay when the same frequency channels are utilized. 
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Fig. 1 A diagraph of typical interference occurrence case due to the data overhearing (The MS-R and MS-B represent the logical MS entities belonging to RS and BS respectively.)
2.2 Access Mechanism Details
In this text, an approach of frame structure is proposed to avoid the uplink interference. We use the non-transparent relay and distributed scheduling for illustration. 
2.2.1 Existing Frame structure with relay
In general, there are two kinds of zones in the downlink or uplink: relay zone, access zone. Relay zone is used for the communication between BS and RS. Access zone is used for the communications between BS and MS, or RS and MS. BS’s access zone and relay zone can be multiplexed with FDM or TDM. Reference [3] provides the example of relay in LTE-advanced TDD mode as follows. 
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Fig. 2 Example of relay in LTE-Advanced TDD mode

The downlink access zone is in the first few downlink timeslots, and the downlink relay zone is in the last few downlink timeslots. The uplink access zone is in the first few uplink timeslots, and the uplink relay zone is in the last few uplink timeslots. As shown in Fig. 2, gap is reserved to let RS fulfill the transceiver status switching. The length of a gap may be the length of one OFDM symbol in access zone.
2.2.2 Improved Frame structure with relay

For the purpose of avoiding the uplink interference and improving the spectral utilization efficiency with the relay employed, the BS/RS/MS frame structure with two hops is suggested to adopt the following form:
The light green timeslot stands for “transmit” timeslot where BS/RS/MS transmit signal. The light blue timeslot stands for “receive” timeslot where BS/RS/MS receive signal. The purple timeslot stands for “idle” timeslot where BS/RS/MS do not transmit or receive signal. The proportion between relay zone and access zone can be adjusted according to different scenarios.
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Fig. 3 Improvement of Frame structure with two hops for non-transparent relay (for interference avoidance and better spectral utilization)
Suggestion 1:

As shown in Fig. 3, when MR-BS sends data to relay, the MS-R is allowed to transmit at the same time using orthogonal frequency channels. It can be done easily since the frequency resource of the access link of the relay is allocated by MR-BS. The MR-B does not transmit when the MS-R transmits. Through this kind of approach, the interference from the access link of MR-B to the access link of MR-R is eliminated. This kind of approach at MS-B is practical through utilization of MBFSN frame.
Suggestion 2:

When MS-B sends data to the MR-BS, the relay can do the complementary transmission when they overhear the data transmission successfully. In this way, the coordinate communication can be accomplished to enhance the reliability of data transmission of MS-B and improve the spectral utilization efficiency.
Suggestion 3:

When the relay sends data to MR-BS in the relay link, it can carry the information to its MS-R. This part of information may be the HARQ ACK/NACK related information. Since this part of information is quite little, it is not difficult to find some resource blocks or elements to fulfill it without incurring the interference from the MS-B.That is, for a relay, the uplink transmission and downlink transmission need not to be differed strictly. They can be done simultaneously. 

Herein, it is suggested that the uplink zone and downlink zone of a relay can happen simultaneously with a relay introduced into system. We note that downlink access zone is the same as the design in [3]. However, the downlink relay zone and the uplink access zone can happen at the same time. We call this kind of zone as hybrid zone. That is, BS and MS-R can transmit signal to RS at the same time using orthogonal time-frequency resource according to different scenarios. It can be easily done since both the resource allocation of a relay access link and that of the relay link are under the central control of BS. Furthermore, compared to the frame structure design in [3], the relay may overhear the data transmission from MS-B to BS, so that it can help to do cooperative transmission to enhance the reliability of data transmission. Moreover, the uplink relay zone and downlink access zone can also be done simultaneously. 

In summarization, the hybrid zone is employed, where the access zone and relay zone of a relay can occur at the same time. Meanwhile, the downlink and uplink can occupy the wireless resource at the same time with the relay incorporated into the system. In this way, the spectral utilization may be effectively improved.
2.3 Support of the cooperative communication 

This frame structure enables a self-initialized relay cooperative way in LTE-advanced system. By taking advantage of the overheard data information at the relay station, it 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. 

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.4，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.
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. 
Aware of the fact that the relay link may offer more reliable transmission than the link from the MS-B to the MR-BS., 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 CRC bits (in the form of HARQ type I, II or III) via their reliable relay link and available link resources. Hence, a complementary access is accomplished to improve the system performance.
By taking advantage of the reliable transmission in the relay link, this approach may effectively improve the network throughput and spectral utilization efficiency. Besides, it improves the reliability of the access link through the cooperative way. Meanwhile, UE is always energy constrained and can not be charged in time. Instead, relay is of higher processing power and can be charged in time. Henceforth, it can save the terminal energy and prolong the UE lifetime. 
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Fig. 4 The scenario diagraph of cooperative communication

2.4 Support of various relaying modes and latency performance 

There are two relay operation modes with the consideration of the relay paths of control signal and data traffic.. 

2.4.1
Support of transparent relay：

In transparent relay operation, UL HARQ procedures
1)
The MR-BS sends the UL scheduling control to UE;

2)
UE transmits the data traffic to relay;

3)
Relay forwards the data traffic to MR-BS;

4)
The MR-BS directly sends HARQ ACK/NACK to UE.
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Fig. 5 The diagraph of transparent relay
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Fig. 6 The diagraph of end-to-end data transmission for transparent relay

Latency analysis: 
When we do not consider the scheduling delay and the delay caused by relay functions, the uplink HARQ procedures of a transparent relay may be completed as shown in Fig. 7. The data transmission can be finished within the time duration of a frame. That is, the end-to-end transmission delay of the operation for a transparent relay is around 10ms.
2.4.2
Support of non-transparent relay：

In non-transparent relay operation, UL HARQ procedures with respect to HARQ hop by hop is as follows.
· UL HARQ procedures in non-transparent mode

1)
The MR-BS sends the UL scheduling control to relay;

2)
Relay forwards the UL scheduling control to UE;

3)
UE transmits the data traffic to Relay;

4)
 Relay forwards the HARQ ACK/NACK to UE.;
5)
Relay forwards the data traffic to MR-BS ;

6)
The MR-BS sends HARQ ACK/NACK to relay
With respect to the uplink HARQ process, the system latency may be concluded after the relay is incorporated into the system. 
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Fig. 7 The diagraph of non-transparent relay
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Fig. 8 The diagraph of end-to-end data transmission for non-transparent relay
Likewise, when we do not consider the scheduling delay and the delay caused by relay functions, the uplink HARQ procedures of a non-transparent relay may be completed as shown in Fig. 9. Note that we employ HARQ hop by hop transmission. The data transmission can be finished within the time duration of one and a half frame. That is, the end-to-end transmission delay of the operation for a non-transparent relay is around 15ms.
2.5 Utilization of sub-frame
According to the new frame structure design, the utilization of the different sub-frames are as follows. For MR-BS, the first sub-frame is for the downlink access zone, the second sub-frame is a special sub-frame, the third sub-frame is for uplink access zone, the forth sub-frame is for the uplink hybrid zone and the fifth sub-frame is for the downlink relay zone. For the relay, the first sub-frame is for the downlink access zone, the second sub-frame is a special sub-frame, the third sub-frame is for cooperative uplink access zone, the forth sub-frame is for the uplink/downlink hybrid zone and the fifth sub-frame is for the uplink/downlink hybrid zone.
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Fig. 9: Example of LTE-A TDD new two-hop frame structure (10ms)
3
Conclusion

An improved frame structure is suggested to avoid the interference, where the interference from the UE served by a MR-BS to the UE served by the relay can be eliminated by occupying different sub-frame for data transmission. Furthermore the relay is allowed to overhear the data transmission out of its coverage area without interference to facilitate the cooperative communication. This kind of frame structure is beneficial in avoiding the interference of wireless uplink and .improving the spectral utilization efficiency when the relay is employed. It is optional and practical for some special service requirement. 
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