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1
Introduction
This contribution 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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Figure 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. We consider the out-of-band relay under the distributed scheduling of the MR-BS. For out-of-band relay, relay links occupies an independent spectrum. The transmission of relay link does not share access link resource. 
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-R does not transmit when the MS-B transmits. Through this kind of approach, the interference from the access link of MR-B to the access link of MR-R is eliminated. 
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. That is, for a relay, the uplink transmission and downlink transmission need not to be differed strictly. They can be done simultaneously. It is beneficial for the purpose of inter-cell interference mitigation, by allocating different time slots to the neighboring relays of neighboring cell.

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 need not switch to transmit status immediately. It may remain in receiving status for overhearing the data transmission from MS-B to BS, so that it can help to do cooperative transmission to enhance the reliability of data transmission. MSs can transmit signal to BS or RS in access zone. 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 can appear 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. Meanwhile, the frequent switch from transmitter to receiver status and vice versus are reduced. By referring to [3], the number of gaps of a relay is counted as 4 per frame. In contrast, the number of gap is reduced to 2 gaps per frame in our scheme.

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.
References

[1] R1-082975, “Application Scenarios for LTE-Advanced Relay”, CMCC, Vodafone, Huawei
[2] Andrej Stefanov and Elza Erkip，Cooperative Coding for Wireless Networks，in IEEE TRANSACTIONS ON COMMUNICATIONS, VOL. 52, NO. 9, SEPTEMBER 2004
[3] R1-084136 “Relaying for LTE-Advanced_final”, Alcatel-Lucent

[4] R1-084137 “TDMA_RELAY”, Alcatel-Lucent
[5] R1-083155, “On different relay schemes for LTE-A”, Nortel

[6] R1-083191, “Operation of relays in LTE-A”, Qualcomm Europe

[7] R1-082944, “Consideration on Relaying Frame Structure Design in LTE-A FDD Mode”, LGE








































































































































































PAGE  
4/4

_1287227899.vsd
�

to UE


from  UE


to UE


from  UE


to eNB


from  eNB


to eNB


from  eNB


Gap


Gap


RN


1ms


One radio frame, 10ms


One subframe


DL


UL


Gap


Gap


Gap


Gap


1ms


Gap


Tx


Rx


Rx


Tx



_1294991456.vsd
�

Rx


Tx


to eNB


idle


Gap


RS


MS-R


Gap


Gap


to 
MS-R


from  MS-R


Overhear from  MS-B for cooperative commu.


from  RS and MS-B


from  eNB


to eNB


Gap


Tx


Rx


Tx


Gap


1ms


One radio frame, 10ms


One subframe


Gap


Gap


Tx


Rx


Gap


Gap


from RS


to RS


from  RS


Rx


Tx


Rx


idle


Tx


Gap


to 
MS-B


to RS


Gap


Gap


Tx


Gap


1ms


Tx


to 
MS-B


to RS


Rx


Tx


Gap


Tx


Gap


Rx


eNB


to 
MS-R


from  MS-R


Overhear from  MS-B for cooperative commu.


from  eNB


to eNB


Gap


Tx


Rx


Tx


Rx


Tx


Tx


from  RS and MS-B


from RS


to RS


from  RS


Rx


Tx


Rx


idle


to 
MS-R


from eNB


to eNB


Rx


from eNB


Tx


to eNB


Tx


Rx


Tx


Tx


MS-B


to eNB


idle


Gap


Gap


Gap


idle



