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1 Introduction
RAN4 is now discussing some RF requirements for RN, both access and backhaul link. This contribution presents our views on Relay RF requirements, such as RF architecture, frequency error and operating bands.
2 Discussion
2.1 General 
From a UE perspective a relay node is part of the radio access network and behaves like an eNB. A relay node is wirelessly connected to a donor eNB, shown as Figure 1. 
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Figure 1: Relay

Two types of Relay Node are supported by LTE-Advanced [1]: "Type 1" and “Type 1a”, which are also regarded as inband RN and outband RN respectively. 
-
inband, in which case the eNB-RN link shares the same carrier frequency with RN-UE links. 
-
outband, in which case the eNB-RN link does not operate in the same carrier frequency as RN-UE links. 
Currently main attention is focusing on inband RN since it has more serious co-existence problems and larger impact on specifications, such as signalling and procedures, however from a specification integrality point of view, both types of RN should be considered while defining RF requirements. It could be expected that most of RF requirements for inband RN would be reused for outband RN. 
For resource partitioning, the following scheme described in [1] is supported: 
·  To avoid self interference, in the downlink, eNB->RN and RN->UE transmissions are time division multiplexed in a single carrier frequency, and in the uplink, UE->RN and RN->eNB transmissions are time division multiplexed as well. 
·  FDD or TDD can be applied for backhaul link Tx/Rx.

Based on the above general description of RN, we provide some discussion for RN RF architecture, frequency error and operating bands requirements in the following sections.
2.2 RF Architecture
Three types of possible RN RF architecture are illustrated as following with their advantages and disadvantages.
Option 1
Figure 2 shows a traditional two-transceiver architecture for RN. Each transceiver is responsible for backhaul or access link transmission and reception. 
Pro’s: 1) Option 1 can be applied for both inband and outband RN;

     2) Each chain is well de-coupled and could achieve good performance or different configuration requirements (such as PA, LNA, etc.)

     3) This architecture also enables more flexible resource portioning for inband RN. At least the following two resource portioning schemes would be used: 
a) Backhaul link and access link are time division multiplexed, i.e . at any time, only one link, backhaul or access link is activated;
b) RN Tx link (RN->eNB and RN->UE) and Rx link (eNB->RN and UE->RN) are time division multiplexed, i.e. at any time, only one link, RN Tx or Rx link is activated.
Con’s: Possible increase the number of devices.
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Figure 2 Option 1: Regular two-transceiver architecture for RN
Option 2

Option 2 could be regarded as a subset of Option 1. For this architecture, the Local oscillators (LO) would be shared by backhaul and access link for inband RN.
Pro’s: Option 2 owns the same Pro’s with Option 1, except Option 2 has less the number of LO.
Con’s: This architecture could be only applied for inband RN.
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Figure 3 Option 2: Regular two-transceiver architecture for RN
Option 3

Some companies also proposed a single-transceiver relay architecture as shown as below [2], i.e. access link and backhaul link share one transceiver link by switching Tx/Rx carrier frequency from subframe to subframe.
Pro’s: It may reduce the hardware cost;
Con’s: 1) This architecture would be only used for inband RN;

2) High isolation of the duplexer is required since the duplexer has to transfer/receive signals on both UL and DL frequency band. And Switch 2 may harm the high isolation of the duplexer;
3) The two LO systems (i.e. f1, f2) in one RF chain (Tx or Rx chain) need well de-coupled, or LO leakage would cause signal degradation. 
4) Higher requirements for some RF devices, such PA, LNA, since they have to be able to operate at both UL/DL frequency bands. 

5) This architecture only supports resource portioning scheme a) of Option 1.
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Figure 4 Option 3: Single-transceiver architecture for RN
2.3 Frequency error
In last RAN4 meeting (#57AH), it is proposed that,

  ‘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].’
The above proposal defines the maximum frequency difference between the reference frequency source of eNB and the reference source of Relay Node. Since the same reference frequency source is likely to be used for both backhaul and access link, the frequency error requirement for access link could be the same with the backhaul link. Taking account of eNB frequency error requirement, i.e. the frequency difference between the actual BS transmit frequency and the assigned frequency shall be accurate to within ±0.05 PPM, it implies that the frequency difference between the actual transmitting frequency of Relay access link and the assigned frequency could be ±0.15 PPM. This requirement is even lower than that of local area of BS whose frequency error is ±0.1 PPM, and it could impact the UE demodulation performance and the overall network performance. Therefore we propose that,
Propose 1: The modulated carrier frequency of Relay Node access link shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to the assigned frequency. This requirement is the same with the local area eNB.
Propose 2: Since the same reference frequency source could be used for both backhaul and access link, the frequency error requirement for backhaul link could be the same with the access link, i.e. 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 assigned frequency.
2.4 Operating bands
Since both inband RN and outband RN shall be supported in LTE-A, E-UTRA operating bands including FDD and TDD would be applied for Relay deployment. Besides, since the main usage of Relay is to provide coverage extension, the combination of CA and Relay would not be considered in Rel-10 time frame.
Regarding to the supported channel bandwidth(s), the manufacturer shall declare which of the channel bandwidths specified in TS36.104 clause 5.6 that are supported by the RN. Requirements for each supported channel bandwidth need be tested and for other unsupported channel bandwidths no test would be needed.
3 Conclusion
In this contribution, we discuss some Relay RF requirements, such as its possible RF architectures, frequency error requirements and operating bands. Other RF requirements will be determined after the coexistence study is finished.
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