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1. Background
Operators such as Vodafone have strong demand for relay as part of heterogeneous network topology that mainly enhanced the coverage performance for LTE macro-network. Therefore, it is important that relay work item in [1] can be completed on time, with the potential enhancements in Release-11 too. Relay work item in [1] is expected to be completed by RAN4 within the Release-10 timeframe. All other RAN groups (RAN1,2 and 3) have completed the corresponding parts of relay system. 
Due to the high workload situation in RAN4, it is not surprising to see that relay progress has been slow, also mainly due to the complex coexistence scenarios proposed. The purpose of coexistence study is to arrive at the ACLR and ACS values that could be used to derive the RF core requirements. It can be seen that coexistence study has near the end with results presented by many companies, especially for outdoor relay. 

So, we provide in this contribution the key RF core requirements for outdoor relay. 

2. How to specify the ACLR and ACS for Outdoor Relay
There have been many coexistence scenarios proposed. Based on the existing results in [2][3], we can see that the required ACLR for backhaul and access link can  be as much as 40 dB and 44 dB respectively. As we can expect that the relay can achieve better ACLR/ACS performance in practical implementation, it is suggested to put ACLR and ACS requirements as 45dB for both backhaul and access link. In this case, the ACIR value is 43dB which is safe to cover all the coexistence scenarios.
In TR 36.826, the following TPs can be adopted:

============== TP starts ====================
7.2
Coexistence results
7.2.1 Outdoor Relay case

Based on simulation results presented in [1][2]…[N]*, the ACLR for backhaul and access link is 45 dB respectively. This value also takes into consideration the additional margin due to the less restrictive RF components implementation for relay. For ACS in backhaul and access line, the value is 45 dB. 
*References to be included.
<Text will be added>
============== TP ends ====================
3. How to specify the RF core requirements for Outdoor Relay
Relay core requirements should be based on either UE or eNodeB. It is clear that for access link, it is natural to use or reuse some if not all the eNodeB requirements, but performance-cost trade-off must be balanced for relay. For backhaul link, it is also natural to use or reuse some if not all the UE requirements, but one must understand that relay is not as restrictive as UE in the RF components, form factor and implementation. 
The above principle shall be used to derive the subsequent RF core requirements. 

3.1. Access Link Requirements

Table 1 summarizes the main access link requirements for relay [4]. 
	Transmitter Characteristics

	6.2
	Maximum Output power

	6.3
	Output power dynamics

	6.4
	Transmit ON/OFF power

	6.5
	Transmitted Signal Quality

	6.6
	Unwanted emissions

	6.7
	Transmit Spurious emissions

	6.8
	Transmit intermodulation

	Receiver Characteristics

	7.2
	Receiver Sensitivity

	7.3
	Dynamic Range

	7.4
	In-channel Selectivity

	7.5
	Adjacent Channel Selectivity (ACS) and narrow-band blocking

	7.6
	Blocking

	7.7
	Receiver spurious emissions

	7.8
	Receiver intermodulation


	6.2
	Maximum Output power


In [4], it is described as 
“…Maximum output power, Pmax, of the base station is the mean power level per carrier measured at the antenna connector during the transmitter ON period in a specified reference condition. 

Rated output power, PRAT, of the base station is the mean power level per carrier that the manufacturer has declared to be available at the antenna connector during the transmitter ON period. 

The rated output power, PRAT, of the BS shall be as specified in Table 6.2-1. …”
It is proposed to reuse the above definition. Additionally, relay rated output power shall be defined as [2][3], in TR 36.826.

============== TP starts ====================
9.1.1
Relay output power

The rated output power for relay 

	Relay power class
	PRAT

	Outdoor
	<  + 30 dBm (for one transmit antenna port)

<  + 27 dBm (for two transmit antenna ports)

<  + 24 dBm (for four transmit antenna ports)

	NOTE:
Other rated output power is FFS.


============== TP ends ====================
	6.3
	Output power dynamics


Output power dynamics for relay should be aligned with eNB dynamic range. So, existing eNB requirements can be reused. 
============== TP starts ====================
9.1.2
Total power dynamic range
The same total power dynamic range requirements as in section 6.3.2 in [4] shall be reused for relay. 
============== TP ends ====================
	6.4
	Transmit ON/OFF power


· Reused existing eNB requirements. 
============== TP starts ====================
9.1.3
Transmitter OFF power

The same transmitter OFF power requirements as in section 6.4.1 in [4] shall be reused for relay. 
============== TP ends ====================
	6.5
	Transmitted Signal Quality


Transmitted signal quality in terms of frequency error has been specified in [2]. For the other requirements, the EVM should be aligned with eNB. 

The time alignment between the relay access link transmitter branches need further consideration, rather than simply reuse the existing eNB requirements. 

The DL RS power requirement can be reused from the existing eNB requirements. 

============== TP starts ====================
9.1.4
Error Vector Magnitude
The same error vector magnitude requirements as in section 6.5.2 in [4] shall be reused for relay. 
============== TP ends ====================
	6.6
	Unwanted emissions


Two main requirements are focused here: ACLR and UEM. For ACLR, it is proposed from the above that a value of 45 dB to be used. This is the same as the existing eNB requirement. For UEM, since the same regulatory will need to be fulfilled by both relay and eNB, the general requirements can be reused. 
============== TP starts ====================
9.1.5
Adjacent Channel Leakage power Ratio (ACLR)

For relay access link, the ACLR is 45 dB. 
9.1.6
Operating band unwanted emissions
FFS. 
============== TP ends ====================

	6.7
	Transmit Intermodulation


============== TP starts ====================
9.1.7
Transmitter intermodulation
The same transmitter intermodulation requirements as in section 6.7.1 in [4] shall be reused for relay. 
============== TP ends ====================
	7.2
	Receiver Sensitivity


This item will be based on the proposals from [5] and [6] as of the offline discussion. 
	7.3
	Dynamic Range

	7.4
	In-channel Selectivity


From [4], it was given that

“ … The dynamic range is specified as a measure of the capability of the receiver to receive a wanted signal in the presence of an interfering signal inside the received channel bandwidth. In this condition a throughput requirement shall be met for a specified reference measurement channel. The interfering signal for the dynamic range requirement is an AWGN signal….”
“In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations in the presence of an interfering signal received at a larger power spectral density. In this condition a throughput requirement shall be met for a specified reference measurement channel. The interfering signal shall be an E-UTRA signal as specified in Annex C and shall be time aligned with the wanted signal….”
Therefore, the same principle should be used to derive the dynamic range and in-channel selectivity of relay access link receiver. This is because under normal operating conditions, the relay receiver should achieve similar performance on the access link compared to eNB. 
	7.5
	Adjacent Channel Selectivity (ACS) and narrow-band blocking

	7.6
	Blocking

	7.7
	Receiver spurious emissions

	7.8
	Receiver intermodulation


The ACS value of relay access link receiver has been shown to be 45 dB. Note that for blocking, receiver spurious emissions and intermodulation performance, the same principle is adopted whereby eNB performance should be the baseline case. 

3.2. Backhaul Link Requirements

Since the backhaul link will be more challenging compared to access link, it is proposed to come back in the next RAN4 meeting to finalise the core requirements inline with transmitter and receiver characteristics in [8].
However, several proposals on relay backhaul transmit power levels, channel bandwidths, reference sensitivity and coexistence results have been contributed from the main proponents. Therefore, it is proposed that these items to be agreed in order to avoid further delay to the relay work item. 

Proposal: RAN4 to agree on the Backhaul transmit power level, channel bandwidth supported, receiver reference sensitivity, ACLR and ACS. 
============== TP starts ====================
8.2
Receiver
8.2.1
Reference sensitivity
The reference sensitivity requirement for the access should not depend on operating band. 

Relay maybe placed far from the DeNB. There is requirement for Relay to have good noise figure performance in order to ensure coverage requirements from operators. It is proposed the Relay Backhaul Refsens shall be at least 1dB better than TDD UE performance. 
Table 9.2.1-1 Backhaul antenna connector reference sensitivity

	E-UTRA channel bandwidth [MHz]
	Uplink configuration NRB
	Reference sensitivity power level, PREFSENS [dBm]

	
	
	PRAT=24 dBm
	PRAT=30 dBm

	1.4
	6
	-107.7
	[TBD]

	3
	15
	-103.7
	[TBD]

	5
	25
	-101
	[TBD]

	10
	50
	-98
	[TBD]

	15
	75
	-96.2
	[TBD]

	20
	100
	-95
	[TBD]

	


============== TP ends ====================
Conclusions 

In this contribution, we provided the RF core requirements for outdoor relay. It is proposed that RAN4 to adopt this as a baseline proposal in order to complete the relay RF core requirements on time within Release-10 timeframe. 
Proposal: RAN4 to adopt the principles, proposals and TPs above.
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