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1   Introduction
In RAN1 meeting #58 held in Shenzhen in 2009, the Type 2 relay definition was agreed and was incorporated into the TR36.814 [1]. A “Type 2” relay node is an in-band relaying node characterized by the following:
· It does not have a separate Physical Cell ID and thus would not create any new cells
· It is transparent to Release-8 UEs; a Release-8 UE is not aware of the presence of a type 2 relay node
· It can transmit PDSCH
· At least, it does not transmit CRS and PDCCH   
An overview of the current status and understanding of Type 2 relays is provided in the contribution [2] at RAN1#60, which mentions the “transparent cooperative transmission” is an important feature for Type 2 relays. However, the non-coherent carrier frequency error (CFO) might occur when the eNB and the relay node cooperatively transmit the signals to their UE. The contribution [3] shows the impact of non-coherent carrier frequency error (CFO) for cooperative transmission and suggests that the requirement of minimal frequency errors for Type II Relays shall be equal to the eNB. In this contribution, we provide a pre-compensation method to reduce the non-coherent carrier frequency error (CFO), and hence reduce the requirement of minimal frequency errors for Type II Relays.
2   Discussion
To describe the problem simply, we use a case of one Type 2 RN, one eNB and one UE and all of them have one antenna in the following discussion.
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Fig.1: the scanerio of Type 2 relay with non-coherent frequency errors between RN and eNB.
For the scanerio of Type 2 relay in Fig. 1, the received baseband signal of coperative transmission in UE can be modelled in a general form as follows
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 is the transmitted signal in the i-th transmitted antenna, 
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 denotes the received signal, and H  is the 2×1 channel matrix. If the carrier frequency of eNB, RN and UE are not coherent, the non-coherent CFO can be formulated as 
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where 
[image: image8.wmf](

)

21

ff

-

 represents the non-coherent CFO. Since RN does not transmit CRS, the frequency tracking procedure between RN and UE is difficult to achieve and hence an accurate estimation of 
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 is hard to be obtained by UE. Even UE can detect each CFO (
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) from each transmission source, the frequency errors of  the received signals are still difficult to be correctly compensated with “non-coherent” CFOs. 
To aviod the problems mentioned above, we propose a CFO pre-compensation mechanism at RN(s) side which estimats the frequency offset(s) between RN(s) and eNB, and transmits the signals to UE(s) by pre-compensating with the estimated CFO during the coperative transmission. Since the behavior of Type 2 RN(s) are monitoring of the transmission from eNB to UE(s) and also decoding the transmission data, the CFO between RN(s) and eNB can be easily estimated/tracked at RN(s) side using PSS/SSS and CRS from eNB. When the RN(s) need(s) to perform cooperative transmission with eNB, it pre-compensate(s) the transmitted data with the estimated CFO(s) before the transmission to UE(s). Figure 2 describes such behavior for one eNB, one RN and one UE case. 
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Fig. 2: an illustration of CFO pre-compensation mechanism
Then, the receiver signals at UE can be model as 
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(3)
From the above equation, it is observed that UE can estimate the frequency error and compensate the error with conventional synchronization methods. In addition, the non-cohenet CFO(s) between RN(s) and eNB becomes tranparent to UE(s) if the proposed pre-compensation mechanism is applied at RN(s).  
3   Conclusion

Since OFDM technique is sensitive to frequency errors, and moreover, the high-order QAM symbols are critical to be demodulated successfully with some phase rotations caused by uncompensated CFO. In LTE-A, the frequency accuracy requirement is also very critical for cooperative transmission, which has been discussed in contributions [3] and [4]. By appling the proposed mechanism in the cooperative transmission, the frequency error requirement of Type 2 RN(s) can be relaxed and the performance loss due to the effect of non-coherent frequency errors can be avoided. Finally, the proposed mechanism is tranparnet to Release-8 UEs and easy to apply in Type 2 RN. 
Proposal: In order to avoid the performance loss due to non-coherent CFO between Type II RN and eNB, and relax the specifications of minimal frequency errors for Type II RN, the frequency errors pre-compensation between Type II RN and its donor eNB shall be mandatory. 
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