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1 Introduction

In RAN4 adhoc #01 meeting in Sophia Antipolis, the RN (Relay Node) specification for Rel-10 was discussed at main session, and some companies supported in making new specification for RN RF performance requirements. But concern was raised by some companies on the reusing of the existing UE specification for eNB-RN backhaul transmission. It is pointed that the backhaul transmission is new wireless transmission, and it is similar to the wireless transmission between eNBs, even though RN might be interpreted as wireless repeater based on its’s interaction between eNB and UE. In Repeater spec. of TS36.106, even though it is generally described to cover the case of wireless repeater, there is no differentiation between uplink and downlink transmission. However, RN should have different mode of operation in access link and backhaul link at least from the RF viewpoint, which means RN should be dealt differently from the case of repeater. In more detail, the reason for above comments is that the RN shall have the following characteristics [1][4];
· It control cells, each of which appears to a UE as a separate cell distinct from the donor cell

· The cells shall have their own Physical Cell ID (defined in LTE Rel-8) and the relay node shall transmit its own synchronization channels, reference symbols, …

· The UE shall receive scheduling information and HARQ feedback directly from the relay node and send its control channels (SR/CQI/ACK) to the relay node

So we can say that transmission between eNB and RN is quite different from that between eNB and UE, when designing new RF requirements and performance criteria for RN transmission and reception. It seems that we need a new RF requirement for RN transmission and reception in Rel-10.
In this contribution, we provide a general description for type 1 RN deployment in LTE-A system from RAN4 perspective.
2 RAN4 work for RN specification

The basic RAN4 objective of the relay work item is to specify relays at least for the coverage-improvement scenario with the following configurations [1]: 

-
The eNB-to-relay link operates in the same carrier frequency as the relay-to-UE link. 

-
The eNB-to-relay link operates in a different carrier frequency from the relay-to-UE link.
In two test configuration, the relay WI should focus on the case where the eNB-RN backhaul link is operating in the same carrier frequency as eNB-to-UE link [1].
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Figure 1 General FDD RN deployment scenarios for LTE-A

Based on this deployment scenario, RAN4 work scope is restricted on the access link and backhaul link that are time division multiplexed in the same carrier frequency. But still there remain many consideration points to deploy the RN for LTE-A system as follows.
· RF core requirements for RN in RAN4 specifications.
· Maximum transmit power for RN specification
· UE-to-RN transmission max power (access link) : whether or not to follow TS36.101
· RN-to-UE transmission max power (access link) : whether or not to follow TS36.104
· RN-to-eNB transmission max power (backhaul link) : 30 or 37dBm (TR36.814) by micro cell scenarios or make new requirements following the interference analysis
· eNB-to-RN transmission max power (backhaul link) : whether or not to follow TS36.104
· Co-existence scenarios in the same geographical area
· Inter frequency interference analysis
· Other systems interference analysis
· Performance requirements in RAN4 specifications.
· Fixed/Portable RN demodulation performance 
· Access link: DL: PDSCH, PDCCH …, UL: PUSCH, PUCCH, UL timing adjustment…
· Backhaul link: DL: R-PDSCH, R-PDCCH..., UL: R-PUSCH, R-PUCCH, UL Timing adjustment…
· Radio Resource management requirements in RAN4 specifications.
· Mobility control for Potable RN
· Handover requirements in the connected state for Portable RN
· Frame timing synchronization between eNB and RN
· Synchronized at the RN DL/UL TX/RX timing with timing offset (e.g. zero delay, propagation delay or fixed delay)
3 Discussion

In the last RAN4 meeting, the RN specification was discussed in RAN4 perspective. It is recommended that RAN4 defines a new specification for RNs, where RNs are defined as a eNB or UE. And it is also suggested to specify the RF requirements of the type 1 RN from the existing RAN4 specifications. This may be agreeable in some respect, but the RN-to-eNB backhaul transmission is not transparent to just as UE-to-eNB transmission. Hence, when defining a new specification for RN, this point should be considered to deploy RN equipment in Rel-10.
3.1 Maximum output power


As described in Section2, type 1 RN is allowed to transmit and receive in both DL and UL bands, but if RN transmits the signal to eNB in backhaul link, RN cannot receive the signal from UE to RN in access link since the RN UL signal to eNB can be source of interference to the UE UL signal to RN. Hence an in-band RN should operate with time division multiplexed schemes in a single carrier frequency. When we decide on the maximum output power, we should consider the following issues.

· UE-to-RN transmission max power (access link) : whether or not to follow TS36.101
· RN-to-UE transmission max power (access link) : whether or not to follow TS36.104

· RN-to-eNB transmission max power (backhaul link) : 30 or 37dBm (TR36.814) by micro cell scenarios or make new requirements after the interference analysis

· eNB-to-RN transmission max power (backhaul link) : whether or not to follow TS36.104
 We assume the RN deployed in LTE-A and LTE co-existence system in the same geographic area. And we also assume each RN is settled not to be interfered with each other. 
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Figure 2 Worst scenario of RN transmission in uncoordinated deployment scenario


In the case of access link, if RN’s maximum DL power follows by existing eNB’s specification (TS36.104), it could cause a number of co-existence issues that should be resolved to support this RN transmission. So it is not suitable to reuse the existing eNB specification.

And also, in the case of backhaul link, the maximum transmit power of RN should consider the RN’s interference problem to other system’s BS in uncoordinated cellular deployment scenario. 

Moreover, type 1 RN can be regarded as an eNB, thus when we make the RN specification, we should determine the RF requirements from the viewpoint that the eNB-RN link is a kind of inter-eNB communication. Based on this, the RN RF requirements will be used as a baseline of backhaul transmission requirements in wireless specification perspective and, as a result, it becomes easier to accommodate enhanced relaying features that require inter-eNB communication (e.g., multi-hop relay) in later releases.
Therefore, we need further discussion for interference analysis in worst scenario of RN deployment to determine the maximum output power for access link/backhaul link. 
Other issue raised is time sharing between different RN operations (e.g., Tx-to-Rx or Rx-to-Tx switching in the same band, Tx-to-Tx or Rx-to-Rx switching across different band (UL/DL)). RN does not simultaneously transmit and receive signals in a single carrier frequency, thus RN should preserve UEs data it received in the UL buffer, and then RN can transmit UEs data to eNB in given time condition. This switching time requirement also needs to be specified in RN specification.
3.2 Co-existence scenarios for interference analysis

For in-band relaying, the eNB-to-RN (backhaul) link operates in same frequency band as the RN-to-UE (access) link. Due to the RN transmitter causing interference to its own receiver, simultaneous eNB-to-RN and RN-to-UE transmission on the same frequency is not feasible. In given scenarios, we should be decide the co-existence scenarios to determine the RN RF core requirements such as the maximum power, unwanted emission mask and reference sensitivity. It is noteworthy that RN is usually placed in a higher location (e.g., mounted on a mast) than a UE for the purpose of RN cell coverage extension, which implies that RN has different impact on co-existence study from UEs.

RAN WG1 discussed about the RN’s physical parameters and defined the system simulation baseline parameters for heterogeneous network [4], which is given in Table1. We can reuse these parameters in Table 1 for RN co-existence simulation assumption. Another option is to make new physical parameters for co-existence scenarios for RN deployment in LTE-A system. 
We propose RAN4 to generate another simulation assumption based on TR36.942 for the co-existence study of RN.
3.3 Performance requirements

In the case of the relay is in control of cells of its own, the relay controls one or several cells and a unique physical-layer cell identity is provided in each of the cells controlled by the relay [4]. The RN transmit its own synchronization channel and RN reference signal. And also UE controlled by RN receives scheduling information and HARQ feedback directly from the RN. Hence we should decide each physical channel’s demodulation performance in both access and backhaul links
· Fixed/Portable RN demodulation performance 
· Access link: DL: PDSCH, PDCCH …, UL: PUSCH, PUCCH, UL timing adjustment…
· Backhaul link: DL: R-PDSCH, R-PDCCH..., UL: R-PUSCH, R-PUCCH, UL Timing adjustment…
In access link, RN’s UL demodulation performance on each channel can follow TS36.104 in the case of fixed RN, but when we assume a portable RN, a new UL demodulation performance should be specified. In backhaul link, channel between RN and eNB has more LOS component than that in access link and RN position can be portable as well as fixed. Therefore, backhaul link demodulation performance should consider these new environments (LOS channel model and fixed/portable RN) which are different from those in the existing DL demodulation environments.
Table1. System simulation baseline parameters for RN
	Parameter
	Assumption

	Equipment
	RN

	Nodes per macro-cell
	1, 2, 4 or 10
Note: for femto cells, this number represents the number of clusters. The number of femto cells in each cluster is FFS.

	Distance-dependent path loss from new nodes to UE*1
	Macro to UE:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)
For 2GHz, R in km.

Penetration loss 20dB

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
                               Case 3: Prob(R)=exp(-(R-0.01)/1.0)
Macro to RN:
PLLOS(R)=100.7+23.5log10(R)

PLNLOS(R)= 125.2+36.3log10(R)

For 2GHz, R in km.

Prob(R) based on ITU models:

Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)
                                Case 3: Prob(R)=exp(-(R-0.01)/1.15)
RN to UE: 
PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)
For 2GHz, R in km

Case 1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

Case 3: Prob(R)=0.5-min(0.5,3exp(-0.3/R))+min(0.5, 3exp(-R/0.095))

	Shadowing standard deviation
	Macro to RN: 6 dB
RN to UE: 10 dB

	Penetration Loss
	Macro to RN: 0 dB
RN to UE: 20 dB for Case 1,3; See ITU.Eval for ITU Rural

	Max Tx power
	Case1 : 30 dBm @ 10 MHz bandwidth
Case3 : 30 or 37 dBm @ 10 MHz bandwidth

	RS antenna height 
	Case1 : 5m
Case3: 5m, 10m

	Antenna Configuration  (horizontal)
	One antenna set:

5dBi antenna gain,  Omni

2 tx , 2 rx antenna ports, or 4 tx , 4 rx antenna ports
 Use of antenna downtilt and vertical antenna FFS


	Two antenna set:

Macro-RN link

7dBi, directional
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	Noise figure
	5dB

	UE power class
	23dBm (200mW)


3.4 RRM requirements

As described in the section 3.3, the cells controlled by the type 1 RN should support LTE Rel-8 UE for backward compatibility. Thus existing RRM requirements can be reused for access link. But in backhaul link, eNB-RN transmission could be regarded as a kind of inter-eNB communication which includes eNB-eNB and RN-RN transmission. Therefore, for the forward compatibility, it seems desirable to specify RRM requirements for wireless backhaul transmission from this viewpoint at this stage of study. For this study, we could collaborate with RAN WG2 to decide the RN mobility control for portable RN and handover between to RN-to-RN. 
· Mobility control for Potable RN

· Handover requirements in the connected state for Portable RN

In RAN WG1, the downlink timing issues between eNB and RN are discussed for the effective RN deployment. Four candidate proposals are as below.

· Frame timing synchronization between eNB and RN
· Synchronized at the RN DL/UL TX/RX timing with timing offset (e.g. zero delay, propagation delay or fixed delay)
Thus, we should further discuss about the synchronization between eNB and RN to optimise the backhaul resource in the pros and cons perspective. And then we can inform to RAN1 of RAN4 viewpoint on this issue. 
4 Conclusions 

 In this contribution, we provided a general description for type 1 RN deployment in LTE-A system from RAN4 perspective. It is agreed that the RN WI should focus on the case where the eNB-RN backhaul link is operating in the same carrier frequency as eNB-to-UE link [1] in RAN plenary. But still there are many points to consider for the deployment of the RN in LTE-A system, which are proposed in the following, based on the fact that eNB-RN backhaul link could be treated as a kind of wireless transmission between eNB-eNB.
· RF core requirements for RN in RAN4 specifications.
· Maximum transmit power for RN
Proposal 1: We need further discussion for interference analysis in worst scenario of RN deployment to determine the maximum output power for access link/backhaul link.

Proposal 2: Requirement on switching time between different RN operations (e.g., Tx-to-Rx or Rx-to-Tx switching in the same band, Tx-to-Tx or Rx-to-Rx switching across different band) needs to be specified.
· Co-existence scenarios in the same geographical area
Proposal 3: We propose RAN4 to generate simulation assumptions of access/backhaul link based on TR36.942 for the co-existence study of RN.

· Performance requirements in RAN4 specifications.
Proposal 4: In access link, RN’s UL demodulation performance on each channel can follow TS36.104 in the case of fixed RN, but when we assume a portable RN, a new UL demodulation performance should be specified. In backhaul link, channel between RN and eNB has more LOS component than that in access link and RN position can be portable as well as fixed. Therefore backhaul link demodulation performance should consider theses new environments (LOS channel model and fixed/portable RN) which are different from the existing demodulation environments.
· Radio Resource management requirements
Proposal 5: Existing RRM requirements can be reused for access link. But in case of backhaul link, eNB-RN transmission could be regarded as a kind of inter-eNB communication. Therefore, it is desirable for forward compatibility to specify the eNB-RN link RRM requirements from the viewpoint that it is the very initial step of inter-eNB communication.
Proposal 6: We should further discuss about the synchronization between eNB and RN to optimise the backhaul resource in the pros and cons perspective.
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