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1
Introduction

In LTE-advanced system, relaying is widely recommended to increase the cell-edge throughput and improve the coverage as well as support group mobility. In TR36.814, transparent relay has been clarified as ‘transparent, in which case the UE is not aware of whether or not it communicates with the network via the relay’.
Considering the backwards compatibility requirements, the problems of the channel estimation of access downlink and the efficiency of spectrum resources arise with transparent relays introduced in LTE-Advanced system (Detailed analysis about the potential problems is referred to section2 and 3.) However, by introducing coordination between eNBs and transparent relays, this problem can be effectively combated.
Firstly, several characteristics that a transparent relay system owns, are clarified as follows.
(1)UEs attached to relay exchange control signalings with eNB and transmit/receive data via relay;

A transparent relay is invisible to UEs. Access links from eNBs to UEs (NU link) and from RNs (relay node) to UEs (RU link) are entirely under the control of eNBs. The scheduling signaling and system information are all generated and transmitted by eNBs. The feedback on  HARQ are transmitted from UEs to eNBs and processed by eNBs. The transparent relay is mainly responsible for transferring the data between UEs and eNBs. UEs attached to transparent relay will receive or transmit the control signaling from/to eNB and data from/to relay.
(2)eNB and transparent relays share the same resources of one carrier

Considering the backward compatibility for R8 UE and the capacity of UEs, the eNB and the transparent relays that belong to the eNB should share the same resources of one carrier. Otherwise, R8 UEs attached to relay might alternate their Tx/Rx frequency carrier to communicate with eNB and transparent relay for signallings and data respectively, which is difficult to R8 UEs.
2 Incorrect channel estimation of access downlink
For UEs will do the channel estimation of access downlinks from eNBs to UEs (D-NU link) or from relays to UEs (D-RU link), eNBs and transparent relays should transmit cell-specific reference signals (CRS) to UEs respectively. According to the second characteristic above, D-NU links and D-RU links share the frequency resources of carriers, so eNBs and transparent relays that belong to the eNBs will transmit CRS at the same frequency bandwidth.
Transparent relays are invisible to UEs and regarded as part of the donor cell controlled by eNBs. They do not have their own cell identities, and share the same cell identities of the donor cells that they belong to. Because the downlink CRS and the resource occupied by CRS are all dependent on the cell id, the eNB and transparent relays that belong to the eNB transmit the same CRS to UEs. When the UE does the channel estimation of the D-RU link, it may receive same CRSs from different relays and the eNB, and it is difficult to distinguish these signals. 
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Fig1 An example of the two-hop transparent relay system
Fig1 shows an example of the two-hop transparent relay system. UE1 is attached to the transparent relay and UE2 is attached to eNB. Following the current design, UE1 should get the data from the relay only, and the channel characteristic of D-RU link should be h1. However, as shown in Fig1, UE1 might receive the same CRS from the eNB, so from the received CRS UE1 might obtain the incorrect channel characteristic h1+ h1', instead of h1. Consequently, the CRS from eNB will be the interference to UE1.
In this case, the channel estimation of the D-RU link might be incorrect. The same situation might happen when doing channel estimation of D-NU links as well.
3 Inefficient usage of spectrum resources
To avoid the interference, the resource assigned to D-RU link and D-NU link should not be the same at the same time. Fig2 shows an example of the resource allocation for eNB and transparent relays of the access downlink. 
As we can see from Fig2, the resources used for D-RU links cannot be reused for D-NU link at the same time. Similarly, transparent relays will not use resources allocated for D-NU links as well. Apparently, spectrum resources of the system are not used in an efficient way.
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Fig2  An example of resource assignment for eNB and the relay
4 Coordination transmission
In order to resolve the two problems mentioned above, we propose the coordination transmission between the eNB and transparent relays, which means the eNB and the transparent relay might corporate with each other to serve UEs. The resources occupied by the RN may be used by the eNB to transmit the data to UEs attached to the transparent relay. UEs attached to the transparent relay will receive the data not only from the relay but also from the eNB at the same time. The same design can be applied to UEs attached to the eNB.
And the coordination transmission can be applied between relays as well.
Fig3 shows an example of the resource usage in coordination transmission scheme. eNB and the relay each have 2-Tx antenna ports.
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Fig3 An example of resource usage with coordination transmission in relay system
In the coordination transmission scheme, the eNB and relays could use the whole resources at the same time, and they can help each other for data transmission. Apparently,  with coordination scheme the spectrum resources can be used in an efficient way  and the reliability of data transmission can also be improved.
Fig4 shows the example of coordination between eNB and transparent relays on the access downlink.
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Fig4  An example of coordination transmission in two-hop transparent relay system
In order to support the retransmission, the eNB will reserve the data which have been transmitted to relays. Because D-RU links are under the control of the eNB, the modulation and the coding rate are determined by the eNB. When the relay transmits the data to UE1, the eNB will transmit the same data to UE1 with the same modulation and coding rate mode as that transmitted by the RN at the same time. UE1 will receive the same data from the transparent relay and the eNB respectively from the same resources and the diversity gain will be obtained at UE1. Similarly, the eNB and the relay cooperate with each other to transmit data to UE2 as well. 
Because the resources used to transmit data to UE2 are different from that used to UE1, there will be no interference between UE1 and UE2.
For UE1 will receive the same data from eNB and relay, the channel estimation should be the characteristic combination of the D-RU link and the D-NU link. As we have discussed before, the eNB and the relays that belong to the eNB will send the same CRS using the same resource, Therefore, the channel characteristic obtained by UE1 is h1+h1’, including the characteristic of the D-RU link and the D-NU link. And the data could be detected by UE1 with the correct channel estimation. 
Since UE1 will receive the same data and the same CRS both from eNB and the relay, the channel estimation should be the characteristic combination of the D-RU link and the D-NU link. The channel characteristic obtained at UE1 by CRS is h1+h1’, including the characteristic of the D-RU link and the D-NU link. Therefore, the data could be detected at UE1 with the correct channel estimation.

In a word, the proposed coordination transmission in a transparent relay system may mitigate the incorrect channel estimation of the access downlink, and enhance the reliability of data transmission as well as improve the spectrum efficiency.
5 Conclusion

Given the discussion in previous sections we believe the coordination transmission between the eNB and RNs on access downlink should be applied to a transparent relay system.
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