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1 Introduction

LTE-Advanced should provide significantly enhanced services by means of higher data rate and lower latency with reduced cost. The number of cell-sites directly affects the system cost. Since the new spectrum bands for IMT contain higher frequency band and LTE-Advanced is aiming at higher data rate, coverage of one Node B is limited due to the high propagation loss and limited energy per bit.

Relaying has been proposed to enlarge the coverage, to improve the capacity and to improve the cell edge performance [1][2][4][5][6]. This document discusses the architecture and the functional allocation when the relaying is installed in E-UTRAN based architecture.

2 Discussion

This document assumes following scenarios for relaying.

- 
Wireless link between eNode B and RN (Relay Node)

-
The number of maximum hop is two, i.e., eNode B => RN => UE in DL, UE=>RN=>eNode B in UL

-
RN is fixed and not moving. 

2.1 Radio Protocol Architecture

This section compares difference of the relay node from protocol architecture perspective. Table 1 shows types of relaying and their features. Figure 1 through 3 also illustrates the protocol stack for the control and user planes of each type. 

Table 1: Types of relay node
	Type 
	Features

	L1 RN
	Amplify & Forward
	The RN just amplifies the signal from eNB/UE and forward to the UE/eNB. 


	L2 RN
	MAC with or without RLC

	The RN performs the scheduling function. Therefore, multiplex/de-multiplex of MAC SDU and priority handling between RN and UE are carried out. The radio resource allocation between UE and RN is performed in coordination with eNB and the possibly other RNs taking into consideration the inter-cell interference and load condition. 
In addition to the functions listed above, the outer ARQ and RLC PDU segmentation/concatenation might be resided in RN. 

	L3’ RN
	Partial RRC
	The RN has the partial or fully functions of RRC resided in eNB in order to reduce the latency in case of the handover and fast data routing. Note that there are more handover scenario than the current E-UTRAN, e.g., eNB –eNB, eNB – RN (in the same eNB), eNB – RN (in the different eNB), RN – RN (in the same eNB), RN – RN (in the different eNB.  The L3 measurement may be utilized for handover decision in RN. 
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Figure 1: Protocol Stack for the L1 RN 
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Figure 2: Protocol Stack for the L2 RN
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Figure 3: Protocol Stack for the L3’ RN

2.2 Functional allocation 

This section discusses the possible functional allocation to RNs assuming E-UTRAN functionality. Table 2 shows the functional allocation to each type of RNs listed in Table 1 compared with the pico/femto eNB whose deployment scenario is illustrated in Figure 4. 
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Figure 4: Comparison of NW deployment by Relay Node and Femto eNB

Table 2: Functional allocation in the RN
	Function
	L1 RN
	L2 RN
	L3’ RN
	Pico/Femto

eNB

	RF function
	X
	X 
	X 
	X

	Coder/Decoder & CRC
	-
	X 
	X 
	X

	HARQ
	-
	X 
	X 
	X

	Multiplex & De-multiplex of MAC SDU
	-
	X 
	X 
	X

	Priority (QoS) handling  
	-
	X 
	X 
	X

	Scheduling 
	-
	X 
	X 
	X

	Outer ARQ
	-
	X (FFS)
	X 
	X

	(Re)-Segmentation and concatenation
	-
	X (FFS)
	X 
	X

	Header compression (ROHC)
	-
	-
	-
	X

	Reordering of lower layer SDUs
	-
	-
	-
	X

	In-sequence delivery of upper layer PDUs
	-
	-
	-
	X

	Duplicate detection of lower layer SDUs
	-
	-
	-
	X

	Ciphering
	-
	-
	-
	X

	System information broadcast
	-
	-
	X 
	X

	RRC connection set-up and maintenance
	-
	-
	X 
	X

	Radio Bearers set-up and maintenance
	-
	-
	-
	X

	Mobility function 
	-
	-
	X 
	X 

	MBMS services control 
	-
	-
	-
	X 

	Paging 
	-
	-
	-
	X 

	QoS management 
	-
	-
	X (FFS) 
	X 

	UE measurement reporting and control the reporting 
	-
	-
	X (FFS)
	X 

	NAS signalling handling
	-
	-
	-
	X 


Regarding the scheduling function, the scheduling provided by L1 RN is the centralized scheme served by the eNB. L2 RN and the higher layering RNs provide the distributed scheduling function by which the UEs located within the RN coverage are scheduled by the RN itself.. Furthermore, by outer ARQ function, more reliable error detection and retransmission scheme are supported.

The layer 3 functions of the L3’ RN assists eNB to improve the call set up procedure and the mobility management. The exact RRC function resided in RN, and its operation would be further investigated.. 
2.3 Comparison of each type of RN

In this section, we compare the pros and cons for RNs which listed Table 2 from performance perspective. 
Table 3: Comparison of performance for each type of RNs
	RN Type
	Pros 
	Cons

	L1 
	- Improve cell coverage

- Possibility of SFN combining without coordination.
- Less delay compared to other solutions


	· - Accumulate noise on the physical link

· - Canceller for coupling loop interference between transmitting and receiving antennas is necessary
· - Decrease the spectral efficiency.  

	L2 

	- Improve cell coverage 

- Reduce the error rate on each channel (eNB-RN, RN-UE) owing to error correction through HARQ (and outer ARQ). 

- Dynamic priority handling and scheduling (distributed scheduling) according to the cell condition of each RN. So shorter delay on the scheduling.
- Fast AMC based on CQI between RN and UE.

- Flexible RLC segmentation and concatenation when the transport block size is different between eNB-RN and RN-UE. 
	- Residual HARQ error induces the waste of the radio resources on the retransmission.

- SFN combining might be difficult without coordination. (Time diversity coordination is needed)



	L3’
	- Improve cell coverage 

- Reduce the error rate on each channel (eNB-RN, RN-UE) owing to error correction through HARQ and outer ARQ. 

- Dynamic priority handling and scheduling (Distributed scheduling) according to the cell condition of each RN. So shorter delay on the scheduling.
- Flexible RLC segmentation and concatenation when the transport block size is different between eNB-RN and RN-UE.

- Reduce the latency on RRC connection set up and handover procedure. 

- RN specific mobility management by means of the specific system information. 
	- SFN combining might be difficult without coordination. (Time diversity coordination is needed)

- Increased total delay from the source nodes to the destination nodes via RN depending on the assumption of the scheduling delay.
- The new I/F from RN to RN would be necessary in order to share the information related to H.O.


Several technical points listed in Table 3 are further explained as follows. 

(i) SFN combining (Cooperative relaying) 

Many documents related to multi-hop relay discuss the cooperative relaying [3]. The cooperative relaying performs the soft combining of the several paths (as shown in Fig 6). It has been investigated as one of key technologies in the multi-hop relay NW. The L1 RN has a possibility to improve the system performance without any complex coordination, as there is no processing delay in RN. On the other hand, the effective coordination among the signals for the different paths is necessary to obtain the diversity gain for L2/L3’ RN. The cooperative relay for L2/L3’ RN would need to be further investigated. 
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Figure 6: Cooperative relaying for E-UTRAN

(ii) Scheduling scheme (centralized and distributed scheduling)

In the centralized scheduling scheme, MAC in eNB allocates physical layer resources of all radio links, i.e., eNB-UE, eNB-RN and RN-UE. On the other hand, in the distributed scheduling scheme, MAC in eNB allocates the resource for eNB-UE and eNB-RN. MAC in RN allocates the resource for RN-UE. The distributed scheduler can perform faster depending on the channel condition on RN -UE link and reduce the control channel overhead for scheduling between eNB and RN compared with centralized scheduling scheme.

2.4 Possible interfaces

The E-UTRAN architecture employing RNs is illustrated in Figure 5. 
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Figure 5: The E-UTRAN architecture employing RNs  

In addition to the current interface in E-UTRAN, S1 and X2, the new wireless interfaces should be specified. 

· The radio interface between eNB and RN (Y3 in Figure 5)

· The radio interface between two L3’ RNs served by the same eNB (Y4 in Figure 5). This interface may be realized via eNB.

Above architecture have some similarity with UTRAN composed of RNC and Node B although the interface between eNB and RN is wireless. 
As for Y4 interface, the necessity of this interface should be investigated from the viewpoints of handover management such as C-plane signalling and data forwarding.

2.5 Selecting cell and HO scenario
When a UE moves out of a eNB coverage, the mobility is necessary. In RRC_IDLE, the cell (re)selection is carried out by UE. In RRC_CONNECTED, the selection of the cell is carried out in the network. We need the discussion how the mobility is managed including RN. 
· Radio condition on each cell/RN
· Load condition on each cell/RN
· QoS service class, e.g. if UE performs the delay strict services such as VoIP service, the direct connection to eNB may be selected in order to achieve short delay. 

The possibility for selecting cell and handover scenario should be further investigated.

Other consideration is only UL signals are relayed via RN to eNB and DL signals are transmitted directly to UE taking into consideration that the transmission power is more limited in UL than in DL However, such a scenario causes some problems in the loop control such as power control, timing delay adjustment and L1/L2 control signalling. 
3 Conclusion 

This document discussed the architecture and the function allocation of the relaying and summarized the some types of relay node and their features. After preliminary investigations of the technical key points to install the relay node in E-UTRAN, the followings were identified for further study.

General and Architecture aspect

· Which architecture option is supported by LTE.
· The possibility for selecting cell and handover scenario would be more investigated
Radio access and spectrum aspect

· The cooperative relay for L2/L3 RN 

· Centralized or distributed scheduling

Radio Access control aspect
· The exact RRC function resided in RN. 
· The necessity of the RN-to-RN interface 
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