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1 Introduction
The text proposal to support type 2 relay [1] has been agreed in RAN1#58, which characterizes the type 2 relay as follows:

· It does not have a separate Physical Cell ID and thus would not create any new cells
· It is transparent to Rel-8 UEs; a Rel-8 UE should not be aware of the presence of a type 2 relay node
· It transmits and receives by TDM  in the same UL or DL band as the eNodeB 
· A Rel-8 UE within the PDCCH coverage area of the donor eNodeB and within coverage of the relay node: 
· receives Rel-8 PDCCH/CRS only from the eNodeB
· receives PDSCH transmissions facilitated by the relay node
The transmission schemes that have been proposed for Type II Relays are widely discussed in contributions [2]-[5]. Most of them enable the cooperative transmission from RN and donor eNB to UE with some strategies. However, the received signal of UE is simultaneously transmitted from multiple transmission points (i.e. eNB and RN), which is a fundamental different from single cell transmission. As a result, some new issues that has potential impacts on the performance have been discussed in contribution [6]. In this contribution, we reveal the impact of non-coherent carrier frequency error (CFO), which is caused by the frequency errors from cooperative transmission in Type II Relays.   
2 Problem Description
Carrier frequency offset (CFO) is the difference in carrier frequency at transmitter and receiver. For single cell transmission, UE can detect the CFO at the physical-layer synchronization procedure and compensate the effect before data demodulation. However, it might not work in cooperative transmissions. Although cooperative transmissions can be assumed to be carried out with synchronized network, the wireless signals from cooperating cell sites still may be transmitted with different frequency errors, which cause the non-coherent CFO within the received signals at UE site. UE will confuse to compensate the non-coherent CFO even it can detect each CFO from each transmission signal, i.e., eNB’s signal has +50 ppb and RN’s signal has -50 ppb. Fig.1 illustrates the scenario of the non-coherent CFO. 
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Fig 1: 4×4 MIMO system (a) the scenario of single cell transmission. (b) the scenario of cooperative transmission (i.e., Type II relaying).
Considering the 4×4 MIMO system in Fig. 1, the received baseband signal is modelled as follow
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 is the transmitted signal in the i-th transmitted antenna, 
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 denotes the received signal vector, and H  is the 4×4 channel matrix, whose elements hij represent the complex transfer function from the j-th transmit antenna to the i-th receive antenna. For single cell MIMO case (Fig. 1(a)), the CFO effect can be formulated as
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where 
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. Through the frequency synchronization/phase tracking process, 
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 can be easily estimated and compensated. However, for the multi-cell MIMO case (Fig. 1(b)), the CFO effect of the received signals is
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where 
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and the non-coherent CFO  is 
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 is less than a certain value that can be tolerated by the demodulation (e.g., BPSK, QPSK, 16QAM or 64QAM), the DL performance will not loss too much. Moreover, some frequency synchronization/phase tracking process can also be adopted to compensate even if 
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. But when the non-coherent CFO is greater than a certain value, the synchronization process might be unable to completely compensate one of or all of the CFOs of the transmission signals. Then, the significant performance loss appears. The impact of the non-coherent CFO of the cooperation techniques are displayed in the following section.  
3 The Impact of Non-coherent CFO
To observe the performance degradation with the non-coherent CFO, the simulation is carried out based on following assumptions:
Table I Simulation parameters
	eNB antenna number
	2

	RN antenna number
	2

	UE antenna number
	4

	Carrier Frequency
	2GHz

	UE’s Velocity
	0 km/h


In [7] and [8], the minimum requirement of frequency errors for macro BS and for femto-cell (HeNB) are ±50 ppb and ±250 ppb, respectively. Hence, the ranges of the non-coherent CFO can possibility up to 100 ppb and 500 ppb for macro BS and femto-cell. Since the Type II relays might be relatively lower cost then eNB or Type I Relays, and does not need to have full protocol stack and optimized RF package, we assume the range of the non-coherent CFO is the same as femto-cell. Then, the SNR loss of QPSK, 16QAM and 64QAM with non-coherent CFO from 0 ppb to 500 ppb are displayed in Fig. 2, Fig. 3, and Fig. 4 respectively. 
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Fig. 2: EVM vs. SNR loss in different non-coherent CFOs for QPSK case
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Fig. 3: EVM vs. SNR loss in different non-coherent CFOs for 16QAM case
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Fig. 4: EVM vs. SNR loss in different non-coherent CFOs for 64QAM case

4 Conclusions
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, we describes the impact of non-coherent CFO in cooperative transmission of Type II Relays in this contribution. The non-coherent CFO within each transmission signal can not be compensated even with the help of frequency synchronization/phase tracking process. In addition, the cooperative transmission with Type II RN and eNB could introduce a considerable non-coherent CFO because the non-optimized RF characteristics of Type II RN. 
According to the minimum EVM requirement of Table 6.5.2-1 in Release 9 [8], the minimal requirement of EVM for QPSK, 16QAM and 64QAM are 17.5%, 12.5% and 8%, respectively. Table II summarize our simulation results, which shows all demodulations are unable to work properly, when non-coherent CFO is larger than 500 ppb. Therefore, we suggest that the specifications of minimal frequency errors for Type II Relays should be equal to the eNB if the cooperation transmission of RN and eNB exists.
Proposal: The specifications of minimal frequency errors for Type II Relays shall be equal to the eNB if the cooperation transmission of RN and eNB exists.
Table II SNR loss (modulation scheme vs. non-coherent CFO)
	
	non-coherent CFO

	
	100 ppb
	500 ppb

	QPSK 
	0.7 dB
	failed

	16QAM
	2 dB
	failed

	64QAM
	3.4 dB
	failed


5 References

[1] R1-093705, “Text proposal to support Type II Relay”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell, CATT, CMCC, 
CHTTL, Hitachi, HTC, InterDigital, ITRI, Qualcomm, RIM, RITT, Vodafone, ZTE.
[2] R1-092157, “System Design Frameworks to Support Type II Relay Operation in LTE-A”, Alcatel-Lucent, CHTTL.
[3] R1-091710, “Cooperative Scheme Considerations for Type II Relay”, ZTE.
[4] R1-092152, “An Improved Forward Scheme for L2 Relay system with Parity-Check based Network Coding in UL”, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent.
[5] R1-091802, “Spatial Multiplexing of Type-2 L1 and L2 Relays”, Huawei.
[6] R1-092722, “Time synchronization requirements for different LTE-A techniques”, Qualcomm Europe.
[7] 3GPP TS 25.104: “Base Station (BS) radio transmission and reception (FDD)”.
[8] 3GPP TS 36.104: “Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception”.



































































4/5


_1314518339.unknown

_1314529418.unknown

_1314687919.vsd
�

�

�

UE


f3


RX


eNB


f1


TX



_1314734509.vsd
�

�

�

eNB


RN


f1


f2


TX1


TX2


UE


f3


RX



_1314690829.unknown

_1314528340.unknown

_1314529020.unknown

_1314529047.unknown

_1314528912.unknown

_1314528203.unknown

_1314518550.unknown

_1314518154.unknown

_1314518174.unknown

_1281265215.unknown

_1280254282.unknown

