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1  Introduction

In TSG-RAN#46 meeting a work item on ‘Relays for LTE’ was approved [1]. The objective of this work item is to introduce relays in LTE specification to improve coverage. RAN4 task is to specify the core and performance requirements.
In this paper we provide an overview of the relay specification work from RAN4 perspective. 

2 Summary of WI Objectives

According to the new principles adapted at RAN the WI is split into the core part and performance part with distinct completion deadlines. The performance part concerns only RAN4. 

Core Part of WI: 

The main objectives of the work item (core part) as mentioned in [1] are:

The overall objective of the work item is to specify Relays at least for the coverage-improvement scenario, with the following configurations:
-
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.
For each of the above configurations, the WI shall address the case where the eNB-to-relay link is operating in the same carrier frequency as eNB-to-UE link.
The detailed objectives are:

-
From RAN#46 until RAN#48, RAN WG1 to specify the L1 aspects (if updates are needed) for the eNodeB-relay link sharing the same carrier frequency as the relay-UE link with the following resource partitioning principles:

-
eNB → RN and RN → UE links are time division multiplexed in a single carrier frequency (only one is active at any time).

-
RN → eNB and UE → RN links are time division multiplexed in a single carrier frequency (only one is active at any time).
-
From RAN#47, RAN WG2/3 to do any specification work needed in relation to the preferred relay system architecture, as well as any necessary signalling protocol aspects. 
-
RAN4 to specify RF core requirements for Relays.
Performance Part of WI: 

The main objectives of the work item (performance part) as mentioned in [1] are:

Specify performance requirements for relay operation for the scenarios addressed in RAN1, RAN2 and RAN3 specifications and the core part of RAN4 specifications.

The highlighted text indicates the areas, which are to be addressed by RAN4. 
3 Brief Overview of Relays
In general the aim of the relay is to improve the cell coverage and bit rate in cell border areas where the traditional deployment solely based on eNode B cannot ensure higher data rate. In release 10 only fixed relays are to be specified. 

According to the WI objectives, the relay node transmits all necessary control channels (e.g. synchronization sequences, reference signals, broadcast channels etc). In addition 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. This means the relay node appears as a normal eNode B and thus is transparent to the UE.

There are following two main variants of the relays:

Inband relay: eNodeB-to-relay link (backhaul link) operates in the same frequency spectrum as the relay-to-UE link (access link). Hence transmission over backaul and access links take place in a time division multiplexed fashion. 
Outband relay: eNodeB-to-relay link (backhaul link) and relay-to-UE link (access link) operate in different frequency spectrum. Hence transmission over backaul and access links can take place simultaneously.
The above relays are to be specified for both LTE FDD and TDD. 
4 RAN4 Requirement Aspects
In the following section we briefly address the issues related to requurements for relays.
4.1 Relay Power Class
Typically there are good radio conditions over the link between relay and donar eNodeB. In addition the possibility of using directive antennas for transmission towards the donar eNode B enables relay to operate with lower power than that of a macro eNode B. 
RAN4 should identify scenarios for relay deployment and the corresponding power level of the relay for transmission over the backhaul and access links. A typical relay deployment scenario would comprise of outdoor relay node (RN) serving mainly indoor users but also to some extent outdoor users, which are located in the coverage border of the serving eNode B. This is shown in figure 1. For these scenarios the power class corresponding to medium nge base station relay would be needed. In LTE currently no such base station class exists. However in UTRA FDD the medium range base station (maximum output power ( 38 dBm) serving micro-cellular enviromment is specified.  

We therefore propose that RAN4 initiates the co-existence study (see section 4.2) using the following assumptions:

· Relay power class in the same range as that similar to medium range BS derived from micro cell scenario in UTRA FDD e.g. 30-38 dBm

· Same max output power on both backhaul and access link 
Other lower power class are to be considered at a later stage depending upon the progress of the work item in RAN4 and in other working group.
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Figure 1: An example of typical LTE relay deployment scenario

4.2 Co-existence Studies
We suggest that in order to derive the radio parameters and requirements RAN4 performs the co-existence studies. The objective of the co-existence study is to evaluate the following scenarios:

· Impact of relay node transmission on non donar eNode B
· Impact on UE coverage in the overlapping areas between the donar eNB and Relay especially for inband relays where the transmission between donar eNB and UE and relay node and UE takes places in non MBSFN sub-frame
We also propose that co-existence studies are based as much as on the models, which have been used for other co-existence studies in TR 36.942.  

4.3 Requirements for Backhaul Link
4.3.1 Radio Requirements
RAN4 has to specify the relay RF transmitter and receiver requirements for the backhaul link i.e. between eNode B and relay. Aspects such as zero or very small Doppler frequency (e.g. due to movable objects) and impact of switching delay between access and backhaul transmission links (latter applies to inband relays) need to be taken into account when setting the requirements.  
4.3.2 Performance Requirements

RAN4 has to specify the demodulation requirements at the relay for the backhaul link. This includes the demodulation of control and data channel (e.g. similar to PDCCH and PDSCH) transmitted by the Node B. 
4.3.3 RRM Requirements

Certain relay specific RRM requirements such as synchronization requirements i.e. synchronization between relay node and the donar eNode B and between the relay node and non donar eNode B. The latter may be required for TDD scenario. Nonethless these requirements are to be studied and specified by RAN4. 
4.4 Requirements for Access Link
4.4.1 Radio Requirements
RAN4 has to specify the relay RF transmitter and receiver requirements for the access link i.e. between relay and UE. 

4.4.2 Performance Requirements

RAN4 has to specify the demodulation requirements at the relay for the access link. This includes the demodulation PUCCH and PUSCH transmitted by the UE. Most likely these requirements can be reused from the existing LTE BS specification (TS 36.104). 

4.4.3 RRM Requirements

Since relay not is transparent to the UE, therefore most likely there is no impact on the RRM requirements related to the access link. However, this needs to be further assessed once RAN2 has completed or at least sufficiently progressed their part of the work item. 
4.5 Impact on eNode B Requirements
Over the backhaul link, the relay will transmit over physical channels, which are the same or similar to PUCCH and PUSCH. However this depends upon the channel structure agreed in RAN1. Hence depending upon the agreement in RAN1, RAN4 is to assess whether there would be a need to specify any additional eNode B performance requirements for transmission from relay to eNode B.  
5 Specification Organization
As discussed in the last meeting it is more appropriate to specify the relay requirements in a relay specific separate specification [2]. More specifically the physical layer related relay requirements such as RF receiver/transmitter and demodulation requirements can be specified in a new relay specific specification. However, certain requirements such as those related to RRM could still be covered in the existing RRM specification (TS 36.133). 

During the work item phase, all RAN4 agreements including RRM are suggested to be captured in a new technical report [3]. Most likely a number of requirements from the existing UE and BS specification are reused. For those requirements it would be sufficient to give reference to the relevant specification. In an early phase of the WI, we suggest RAN4 focus on the technical report and the specification is created after certain level of progress. 
6 Summary
In this paper we have provided an overview of relay related RAN4 requirement work. 
It is proposed to during the initial phase RAN4 identifies scenarios for relay deployment and performing co-existence studies for the identified scenarios. After the completion of the co-existence study phase, RAN4 can proceed with specifying radio requirements and eventually the performance requirements.
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