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1 Introduction
In previous meeting, some common RF requirements for both Relay access and backhaul link have been agreed, such as channel bandwidths, ACLR, and etc., while more are not discussed. In this contribution, we provide an overall view on RN transmitter core requirements, especially its backhaul link requirements that differ in definition from the corresponding ones for the access link. Meanwhile a more detailed skeleton for RN transmitter requirements is provided for approval in order to make the technical report [4] easier to update and maintain.
2 Discussion
Requirements for BS and UE are different, considering: 

· System performance requirements

· Device capability and cost

· Interference scenario
The detailed background of RF requirements for LTE UE and BS is described in [1] and [2]. For RN access side, the methodology of defining BS transmitter characteristics could be applied. While for backhaul side, it needs careful study.
2.1 Comparison of the transmitter characteristics at BS and UE
Transmitter characteristics are including output power, output power dynamics, transmitted signal quality, unwanted emissions and transmitter intermodulation. 
· Output power
Table 2-1 shows the output power requirements for UE and BS separately (different requirements are marked in red). 
Table 2‑1 Comparison of LTE UE and BS output power requirement
	Requirement
	UE Specification
	BS Specification

	Maximum Output power
	Maximum output power
MPR;

A- MPR;
PCMAX
	BS output power accuracy and up limit for certain deployment scenarios


For Relay backhaul power class, two power classes are defined, shown in Table 2-2. For Relay with multiple transmit antenna connectors, the maximum output power is measured as the sum of the maximum output power at each Relay antenna connector.
Table 2‑2 Relay backhaul power class
	Relay backhaul power class
	Maximum output power
	Tolerance(dB)

	High power class
	[30] dBm(for one transmit antenna port)

[27] dBm(for two transmit antenna ports)

[24] dBm(for four transmit antenna ports)
	Normal conditions: ±2 dB

Extreme conditions: ±2.5 dB

	Low power class
	24 dBm (for one transmit antenna port)
21 dBm (for two transmit antenna ports)

18 dBm (for four transmit antenna ports)
	


Considering the implementation limitation for UE, UE output power defines two additional parameters: MPR and A-MPR to allow lower output power in order to meet emission requirements (SEM/ACLR). 
For backhaul side, the relaxation and limit on UE output power might not be necessary for RN, i.e. MPR and A-MPR for UE would not be required for RN. The reasons are:
1)  RN shall have better RF performance (e.g. ACLR) than that of UE, considering its own device implementation and coexistence requirements as well.
2)  The reduction of RN backhaul output power might degrade system throughput performance of Relay->DeNB link.
Therefore, MPR and A-MPR shall not be allowed for backhaul. For the parameter Pcmax, it could be still needed for RN uplink power control and scheduling operation. Considering the value of MPR, A_MPR and TC, the calculation of Pcmax could be simplified as:
PCMAX = MIN {PEMAX, PPowerClass,RN}
· Output power management
Table 2-2 shows the output power management related requirements for UE and BS separately.
For RN backhaul side, UE methodology shall be applied since RN backhaul side performs as the UE. However, the requirement level could be different considering different deployment scenarios and device capability. For minimum output power requirement, which is obtained from coexistence study, it could be necessary for RN to ensure output power of the interfering RNs shall not impact the cell-edge throughput of the adjacent system. For power control requirement, which is used to define the ability of UE to set its transmitting power at the target value, it shall be applied for RN as well since it carries out uplink power control by receiving TPC command from eNB, just like UE. 
For RN access side, E-UTRA BS requirements defined in TS36.104 could be applied.
Table 2‑3 Comparison of LTE UE and BS output power dynamics requirement
	Requirement
	UE Specification
	BS Specification

	Output power management
	Minimum output power
	N/A

	
	Transmit off power;
On/Off time mask
	Transmit on/off power
·  Off power

·  Transient period

	
	Power control
· Absolute power tolerance
· Relative power tolerance
· Aggregation power control tolerance
	RE power control dynamic range;
Total power dynamic range


· Transmitted signal quality
Table 2-3 shows that beside frequency error and EVM requirements, UE defines three more requirements to describe transmitted signal quality: Carrier leakage, In-band emission and EVM equalizer spectrum flatness. It is a little difficult to decide whether these requirements should also be applied for RN backhaul side. For example, in-band emission requirement limits how much a UE can transmit into other RBs within the channel bandwidth to ensure no significant EVM degradation. From the device implementation point of view, it seems that the requirement is not necessary for RN since RN is likely to use better power amplifier than that of UE to meet its ACLR requirement [2].
Time alignment between transmitter branches requirement defined for BS might be needed for RN backhaul side since multiple transmit antennas could be deployed. 
Table 2‑4 Comparison of LTE UE and BS Transmitted signal quality requirement
	Requirement
	UE Specification
	BS Specification

	Transmit signal quality
	Frequency error
EVM
	Frequency error
EVM

	
	Carrier leakage 
In-band emission
EVM equalizer spectrum flatness
	Time alignment between transmitter branch
DL RS power


· Unwanted emission

The set of unwanted emission requirement for UE and BS are the same, including Occupied BW, ACLR, Spectrum emission mask and Transmitter spurious emission. So far according to coexistence study, ACLR for RN backhaul and access link has been set to 45dB, the same with eNB ACLR requirement. 

For spectrum emission mask, the requirements for local area BS are reused for low power RN (24dBm).

For spurious emission, the corresponding mandatory requirements are defined according to the ITU-R recommendation SM.329 and are independent of the type of transmitter considered. Thus it shall also be applied for RN transmitter.
The coexistence with other bands at backhaul link needs careful investigation.
· Transmitter intermodulation

Transmitter intermodulation is required for both BS and UE. Therefore, this requirement should be needed for RN backhaul side with taking into account of RN capability to reject nonlinear product. 
3 Conclusion

In this contribution we provided a thorough analysis on the required RF requirements for RN transmitter, especially for the backhaul side. The requirements for RN backhaul and access link are summarized in the following table. It is proposed that the necessity of some requirements shall be determined before detailed values are studied. Meanwhile a more detailed skeleton for RN transmitter requirements, which is also aligned with TS36.116 [3], is provided in order to make the technical report [4] easier to update and maintain. 
Table 3‑1 RN transmitter requirements
	Transmitter Requirement
	RN backhaul link
	RN access link

	Output power
	Maximum output power;

PCMAX
	Output power;
Minimum requirement

	Output power dynamics
	Minimum output power;
Transmit off power;
On/Off time mask;
Power control
· Absolute power tolerance

· Relative power tolerance

· Aggregation power control tolerance
	RE power control dynamic range;
Total power dynamic range

	
	
	Transmit on/off power
· Off power
· Transient period

	Transmit signal quality
	Frequency error;
EVM;
Time alignment between transmitter branches
	Frequency error;
EVM;
Time alignment between transmitter branches;
DL RS power

	Unwanted emission
	Occupied bandwidth

ACLR

Spectrum emission mask

Transmitter spurious emission
	Occupied bandwidth

ACLR

Spectrum emission mask

Transmitter spurious emission

	Transmitter intermodulation
	Intermodulation
	Intermodulation
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Backhaul link requirements

<Text will be added>
8.1
Transmitter

8.1.1
General

Unless otherwise stated, the requirements in sub-section 8.1 are expressed for Relay backhaul link with a single or multiple transmit antenna(s).

Unless otherwise stated, the transmitter characteristics are specified at the Relay antenna connector (test port A) with a full complement of transceivers for the configuration in normal operating conditions. If any external apparatus such as a TX amplifier, a filter or the combination of such devices is used, requirements apply at the far end antenna connector (port B).
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Figure 8.1.1-1: Transmitter test ports

8.1.2 Output power

<Text will be added>
8.1.3 Output power dynamics

<Text will be added>
8.1.4 Transmit signal quality
8.1.4.1 
Frequency error

The modulated carrier frequency of Relay Node backhaul link shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to [the carrier frequency received from the Donor eNode B]. Although the reference frequency source of backhaul and access link could be the same and the same frequency error requirements could be applied for both the access link and the backhaul link, it is adequate to keep this requirement of RN backhaul link aligned with that of UE.
8.1.4.2 EVM

<Text will be added>
8.1.5 Unwanted emissions
8.1.5.1
Adjacent Channel Leakage power Ratio (ACLR)

ACIR defines the protection against adjacent channel interference. In the backhaul uplink, ACIR is determined by relay ACLR and BS ACS, in which BS ACS is assumed to be 46dB. According to the Relay coexistence simulation results, ACLR requirements for Relay backhaul transmitter shall be 45dB. The E-UTRA BS ACLR requirements defined in TS36.104 [7] are applied to the transmitter of Relay node backhaul link.

8.1.5.2
Operating Band Unwanted Emission

The backhaul link of Relay supports the 24 dBm and 30 dBm output power. And different operating band unwanted emissions are used for the two output power. 

8.1.5.2.1
Operating Band Unwanted Emission (For 24 dBm Output Power)

For the 24 dBm output power, the operating band unwanted emission of local area BS for both category A and B in TS36.104 is reused. 

8.1.5.2.2
Operating Band Unwanted Emission (For 30 dBm Output Power)

For the 30 dBm output power, the emissions are TBD.

<Text will be added>
8.1.5.3
Spurious Emission

<Text will be added>
8.1.6 Transmit intermodulation
<Text will be added>
9
Access link requirements

<Text will be added>
9.1
Transmitter

9.1.1
General

Unless otherwise stated, the requirements in sub-section 9.1 are expressed for a single transmitter antenna connector. In case of multi-carrier transmission with one or multiple transmitter antenna connectors, transmit diversity or MIMO transmission, the requirements apply for each transmitter antenna connector. 

Unless otherwise stated, the transmitter characteristics are specified at the Relay antenna connector (test port A) with a full complement of transceivers for the configuration in normal operating conditions. If any external apparatus such as a TX amplifier, a filter or the combination of such devices is used, requirements apply at the far end antenna connector (port B in figure 8.1.1-1).

Unless otherwise stated the access link requirements in sub-section 9.1 applies at all times, i.e. during the Transmitter ON period, the Transmitter OFF period and the Transmitter transient period.
9.1.2 Output power
The rated output power for access link is listed in Table 9.1.2-1.

Table 9.1.2-1 Relay Rated output power

	Relay power class
	PRAT

	Power class 1
	<  + 24 dBm (for one transmit antenna port)

<  + 20 dBm (for two transmit antenna ports)

<  + 17 dBm (for four transmit antenna ports)

	Power class 2
	TBD


9.1.3 Output power dynamics
<Text will be added>
9.1.4 Transmitted signal quality
9.1.4.1
Frequency error

Frequency error is the measure of the difference between the actual transmitting frequency of Relay access link and the assigned frequency. The modulated carrier frequency of Relay access link shall be accurate to within the accuracy range of [±0.1] PPM observed over a period of one subframe(1ms).

9.1.4.2
Error Vector Magnitude

The EVM requirements in subclause 6.5.2 of TS36.104 [7] apply for the access link.

9.1.4.3
Time alignment between different branches

The time alignment requirements in subclause 6.5.3 of TS36.104 [7] apply for the access link.

9.1.4.4 DL RS power
<Text will be added>
9.1.5 Unwanted emissions
9.1.5.1
Adjacent Channel Leakage power Ratio (ACLR)

ACIR defines the protection against adjacent channel interference. In the access downlink, ACIR is determined by relay ACLR and UE ACS, in which UE ACS is assumed to be 33dB. According to the Relay coexistence simulation results, ACLR requirements for Relay backhaul transmitter shall be 45dB. The E-UTRA BS ACLR requirements defined in TS36.104 [7] are applied to the transmitter of Relay node access link.





9.1.5.2
Operating Band Unwanted Emission

The access link of Relay supports the 24 dBm and 30 dBm output power. And different operating band unwanted emissions are used for the two output power.

9.1.5.2.1
Operating Band Unwanted Emission (For 24 dBm Output Power)

For the 24 dBm output power, the operating band unwanted emission of local area BS for both category A and B in TS36.104 is reused. 

9.1.5.2.2
Operating Band Unwanted Emission (For 30 dBm Output Power)

For the 30 dBm output power, the emissions are TBD.
9.1.5.3
Spurious Emission

<Text will be added>
9.1.6 Transmitter intermodulation
<Text will be added>
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