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1 Introduction

In RAN1 #54, some definitions of various relay types have been agreed and captured by R1-083410 [1]. The relays have been categorized into different types based on the connection method from relay to radio-access network, the knowledge of whether the  UE knows that it is being relayed, and the relaying strategy. Since the current agreement is quite vague, this contribution gives further details on each type of relay and most importantly, the definition of L1/L2/L3 relay. In addition, the categorization based on the knowledge of whether the UE knows that it is being relayed, i.e. legacy support, is also studied in this contribution.
2 Functionality and protocol stack of L1/L2/L3 relay
As mentioned in previous contributions [2] ~ [3], the L1/L2/L3 classification depends on which layer is used to forward the user-plane traffic data.

The L1 relay amplifies and forwards the received signal from the source at the physical layer. It can be considered as an advanced repeater capable of performing measurements, simple control functionalities, and power control functionalities.

L2 relays decode and re-encode the received data blocks from source so that it can be viewed as forwarding the data at layer 2. If the decoded data blocks can be precisely decoded, no noise is forwarded by the relay node. Link adaptation may be performed individually for each hop which gives a more efficient way to utilize resources.

The L3 relay node forwards the user–plane traffic data packet at the IP layer. The L3 relay does not require significant modification of the radio protocol. However, some enhancements on the air interface could be adopted to achieve higher throughput.
2.1 L1 relay
The major merit of L1 relay is that less delay is introduced compared with L2 and L3 relay. A L1 relay works in a similar way than a traditional repeater: it amplifies and forwards what it received, including the desired signals and noise/interference. The user-plane protocol stack of L1 relay solution was proposed in [2].
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Figure 1. User plane protocol stack of L1 relay solution

To avoid the drawback of traditional repeaters (noise amplification), some new features can be introduced in a L1 relay [4]. Firstly, the output power can be controlled in a dynamic or even semi-dynamic time scale. Secondly, to reduce the interference with other node, a L1 relay is expected to selectively transmit the resource blocks for the terminals that it serves. In Figure 2, we show the control-plane protocol stack of L1 relay solution for UE. The introduction of L1 relay will not affect the UE’s control-plane protocol stack 
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Figure 2. Control plane protocol stack of L1 relay solution for UE

The impact of introducing L1 relay mainly affects the interface between the L1 relay and eNodeB.

To perform dynamic power control, the eNodeB needs to measure the uplink channel quality. Currently there is no mechanism for the relay node to send its own reference signals. If downlink power control is adopted, the L1 relay might report the measurement result to eNB.

To perform selective forwarding, the L1 relay needs to know which UE is its subordinate one. Then the L1 relay listens and decodes to the PDCCH, and forwards the corresponding resource block. Unfortunately, the decoding time delay will make this kind of selective forwarding unrealistic unless much impact on current LTE specification. 

In Figure 3, we show the control-plane protocol stack between L1 relay and eNodeB. The PHY Layer in both L1 relay and eNodeB is mandatory. If the eNodeB wants to perform the node-specific control, the RRC layer, along with the MAC/RLC/PDCP, are also needed.
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Figure 3. Control plane protocol stack of L1 relay solution for L1 relay

Standardizing a L1 relay solution for LTE-Advanced affects the following areas: 
· Design of L1 relay reference signals. These signals are used to measure the L1 relay signal. How to design and where to send the reference signals needs to be studied.
· The different impact of L1 relay on the LTE FDD and LTE TDD mode. L1 relay might introduce the delay of 5~10 us, which may have an impact on the CP length design.
· Measurements, in particular UE measurements but also possible L1 relay measurements

· Power control of L1 relay
· Relay ID design and management
· UE information exchange between eNodeB and L1 relay to support selective forwarding
· Control signalling to support the above
2.2 L2 relay
L2 relays decode and re-encode the received data blocks from the source and then forward them to the target. This is similar to a bridge or a switcher in wired networks. No noise/interference is forwarded by the relay node and link adaptation may be performed individually on a hop-by-hop basis. In addition, centralized RMM can be adapted to allocate the resource between relay link and access link, which may provide benefits in terms of higher throughput and larger coverage.
Because of the decoding and re-encoding operations, the L2 relay will introduce significant delay (at least one TTI), which exceeds the window of multi-path. The frame structure should be re-designed. FDD, TDD or SDD might be optional methods, as described in [5] ~ [7]. Correspondingly, some PHY mechanisms should also be impacted.

Considering the different channel quality, to achieve higher throughput, the transmission formation selection should be decided by each hop. In the case of coverage extension, the L2 relay should also be involved in the MAC procedure – random access.

After decoding, the L2 relay can distinguish the data block of its subordinate UEs. RLC SDUs can be concatenated, segmented or reassembled at the relay node or at the eNodeB. ARQ can take place either at the relay or at the eNodeB.

In Figure 4, we show the user-plane protocol stack of L2 relay solution. According to the previous description, the PHY/MAC/RLC layer in L2 relay is mandatory. If different ciphering mechanism is used between the UE-relay hop and relay-eNodeB hop is performed, the PDCP layer is also needed.
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Figure 4. User plane protocol stack of L2 relay solution
In Figure 5, we show the control-plane protocol stack of L2 relay solution. The PHY/MAC/RLC layer in L2 relay is mandatory. If the L2 relay has a unique physical-layer cell identity or has some control on UEs, the PDCP/RRC layer is also needed.
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Figure 5. Control plane protocol stack of L2 relay solution
Standardizing a L2 relay solution for LTE-Advanced affects the following areas: 
· Frame structure design for different work assumptions, e.g. number of hops supported (limited to two hops or unlimited), UE awareness of relays or not. Correspondingly, the handling of physical channel, GAP, and timing sequence would also be affected. 
· The optimization of relay-eNodeB link. Usually the UE-relay link and relay-eNodeB link present different characteristics. The relay-eNodeB link can be optimized without impact on UE, e.g. the design of the pattern of multiple access, control channel and reference signals.
· Power control and RRM of L2 relay
· Relay ID design and management
· Multi-hop routing
· Measurement of transparent and non-transparent relay
· Mobility between L2 relays and eNodeB
· Control signalling to support the above
2.3 L3 relay
A Layer 3 relay forwards IP packets on Layer 3, i.e. IP layer. A layer 3 relay can be viewed as a regular eNodeB with self-backhauling. The main purpose of L3 relay is to provide more cost-efficient backhauling. 

The L3 relay solution needs less impact on Uu interface but more impact on S1 and X2 interface.
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Figure 6. User plane protocol stack of L3 relay solution

Figure 6 shows the user-plane protocol stack of L3 relay, as defined in [2]. The L3 relay has the full functionality of eNodeB and the same protocol stack than eNodeB. In this case, the L1 and L2 on S1 interface are the LTE-Advanced PHY and MAC/RLC/PDCP layers. The L3 relay receives an IP packet from the UE, and adds its own IP/UDP/GTP header to send to the gateway, via the eNodeB. The eNodeB should distinguish the package from its subordinate UE and L3 relay. In former case, the eNodeB add its own IP/UDP/GTP header and sends out as usual. In later case, the eNodeB will not add any header and just transmits the packets from L3 relay in the backhaul link.

In the control plane, much difference exists. When the L3 relay receives RRC messages, it constructs S1-AP message to MME and adds SCTP and IP header. Because the interface between L3 relay and eNodeB is just a transmission path, these messages cannot be transmitted over control plane, unless new PDCP and RRC mechanisms are defined. They should be transmitted over the user-plan between the L3 relay and eNodeB.
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Figure 7. Control plane protocol stack of L3 relay solution
Standardizing a L3 relay solution for LTE-Advanced would affect the following areas: 
· The eNodeB should performs the IP layer routing function
· The SAP between PDCP and upper layer should be re-defined for UE and L3 relay.
· Other enhancement to improve the throughput of backhauling link, such as multi-antenna, RRM and ICIC.
3 Legacy supporting of LTE-Advanced relay nodes
Referring to the LTE-Advanced requirements TR in [8], the following requirements wrt backward compatibility have been agreed:

“Advanced E-UTRA and Advanced E-UTRAN shall be backwards compatible with Release 8 E-UTRA and E-UTRAN in the sense that

· a Release 8 E-UTRA terminal can work in an Advanced E-UTRAN, 

· an Advanced E-UTRA terminal can work in an Release 8 E-UTRAN

However, non-backward compatible element might be considered if significant gain or benefit can be achieved.”
Considering the legacy supporting for the Release 8 E-UTRA terminal, two modes about backward compatibility can be used:
· Strongly backwards compatible: the Release 8 E-UTRA terminal can be served by LTE-Advanced relay, and the interface between the LTE-Advanced relay node and the LTE UE is strongly compatible with the E-UTRAN LTE-Uu protocol stack.
· Weakly backwards compatible: the Release 8 E-UTRAN terminal cannot be served by LTE-Advanced relays, for the sake of significant gain to Advanced E-UTRA terminal (e.g. higher order MCS). But the introduction of LTE-Advanced relay should not affect the Release 8 E-UTRA to be served by Advanced E-UTRA eNB.
According to the LTE-Advanced requirements, during the standardization wrt the LTE-Advanced relay, we suggest that strongly backward compatibility is the main principle and the weakly backward compatibility might be also considered in some cases [9].
In the scope of strongly backward compatibility, two methods exist for the LTE UE to be served by LTE-Advanced relay:
· Transparent, in which case the UE is not aware of the existence of the relay node, and from the UE perspective, it is served by the Advanced E-UTRA eNodeB. This case is similar to the deployment of traditional repeater in GSM network.
· Non-transparent, in which case the UE can see the existence of the relay node, and it knows by which station it is served. But from the UE perspective, the relay node is completely a ‘normal’ eNodeB. In this case, the relay node might have a unique physical-layer cell identity.
With the above brief discussion, both transparent and non-transparent relays should be considered for different application scenarios.
4 Conclusions
In this contribution, further details on L1/L2/L3 relay are given, including the basic mechanisms and functionalities of each type of relay. Accordingly, the corresponding protocol stacks in user-plane and control-plane are suggested based on the analysis above. Then the impacts on standardizing a L1/L2/L3 relay solution are proposed. 

At last, the methods for legacy supporting are discussed: strongly backward compatibility is the main principle and the weakly backward compatibility might be also considered; both transparent and non-transparent relays should be considered for different application scenarios.
References

[1] NTT DOCOMO, “Text proposal for RAN1 TR on LTE-Advanced”, R1-083410
[2] Ericsson, “Discussion on some technology components proposed for LTE-Advanced”,
R1-082024
[3] China Mobile, Vodafone, Huawei, “Application Scenarios for LTE-Advanced Relays”, R1-082975
[4] Ericsson, “R1-082470 Self backhauling and lower layer relaying”, R1-082470
[5] Qualcomm Europe, “Operation of relays in LTE-A”, R1-083191
[6] LG, “Relaying frame structure”, R1-082944
[7] Nortel, “Transparent Relay for LTE-A FDD”, R1-082517
[8] 3GPP TR36.913, Requirements for further advancements for E-UTRA (LTE-Advanced)
[9] Motorola, “Classification of Relays”, R1-083223











































































_1282998553.vsd

_1282999131.vsd

_1283005739.vsd

_1283276131.vsd

_1283004908.vsd

_1282998999.vsd

_1282998247.vsd

