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1. Introduction
Recent contributions [2-6] in LTE-A have advocated the introduction of relays in order to improve coverage and throughput in cellular networks. To harvest the potential throughput and coverage gains of relays, it is necessary to design efficient control signaling mechanisms to support relays. Further, it is also necessary to manage the content and time/frequency positions of relay transmissions. In this document, we describe efficient resource allocation and signaling strategies for relays. As a design guideline, backward compatibility with the Rel-8 E-UTRA is maintained as much as possible.
Section 2 reviews different kinds of relays, and identifies potential issues in operating these relays in an LTE-A network. In Section 3, some solutions are suggested to these issues.  
2. Choice of Relay Solution
Relays can be classified based on which layer the user data is forwarded on [1]. Various contributions in the past meetings have discussed the advantages/disadvantages of the different relays and the possible deployment scenarios [1]-[5]. These may be summarized in the table 1 below.
Table 1. Comparison of different relays
	Relay Type
	Advantages 
	Disadvantages
	Deployment Scenario 

	Amplify and Forward  
(L0/L1 Relay) 
	1. low cost

2. coverage improvement
	1.  noise amplification
2.  RF isolation issues
3.  May need changes to 

     (PHY/MAC)
4.  Power control for  

     interference minimization
	1. Dead-spot

	Decode and Forward 
(L2 Relay) 
	1. No noise amplification if done with CRC check
2. Throughput and coverage  improvement

3. Can support beamforming

4. Can support network coding
	1. Changes to PHY/MAC
    (RS Signaling/ control/ 

    measurements/power control)
2. latency issues at UE
	1. Rural Area

2. Urban hotspot

3. Indoor hotspot



	Self-back Hauling      
 (L3 Relay) 
	1. No need to change PHY/MAC
2. Coverage extension
3. From RAN2 perspective, only X1/S2 interface is now self-backhauled; remainder same as Rel-8 Home eNB.
	1.  Complexity of implementing full stack including RRC and NAS at L3 relay.

2. high cost

3. L3 context switching (RRC handovers/ re-selection) when UE moves in and out of Relay coverage. 
4. Does not take advantage of co-operation techniques in L1/L2 to improve throughput.

	1. Rural Area

2. Urban hotspot

3. Indoor hotspot

4. Group mobility


L0/L1 relays simply act as repeaters, amplifying the input signal without exploiting any of its information content. L2 relays—also known as decode and forward relays—involve a relay that decodes the physical layer signal, and may also decode some MAC parameters by decoding control signals and so on. Having decoded the signal, L2 relays then pass the data onto UEs they serve. L3 relays are equivalent to new base stations from a PHY/MAC viewpoint, with their own cell id and reference signals, etc. 
For decode and forward (L2) relays, the following changes seem to be necessary:
· Control Signaling For ENB and Relay Transmissions
· Reference Signal Insertion By Relays
· Inter-cell Interference Co-ordination

The above changes imply that relaying scheme will be explicit and not transparent to release 8 UE’s. The above three aspects will be described in greater detail in the next section         
3. Design Considerations for Decode and Forward
The mode of operation for a decode-and-forward relays is given below: The relay first decodes the data for the serving UE by decoding the control channel (PCFICH, PHICH, PDCCH) and then the data channel (PDSCH). It then re-encodes the decoded data and transmits it to the corresponding UE on pre-assigned time-frequency resources. Typically, the relay transmits data with the delay of a few subframes, and on some assigned time-frequency blocks. The UE may combine the data received directly from the eNB in the first transmission with the data received from the UE for decoding. In coverage limited scenarios where the eNB to UE link is weak, the UE may not reliably receive control signals directly from the eNB. In such cases, the relay may need to also convey control channel information transmitted by the eNB to the UE. The conceptual description of the control and data signals transmitted by the eNB and relay is shown in Figure 1 below.
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C        - Control channel information for UE transmitted by eNB

D        - Data for UE transmitted by eNB

C1      - Control channel information for UE transmitted by relay

f(D)    - Re-encoded data for UE transmitted by relay

f(C)    - Re-encoded control channel information for UE transmitted by Relay

Figure 1.  An example relay configuration
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Figure 2. Transmission Plan
A time-frequency diagram showing the transmission planning between the eNB and the relays is shown in Figure 2 above
It must be noted that the relay’s transmission, while intended to assist one or more UEs in its range, may actually cause interference to other UEs in the vicinity if the relaying operation is not carefully configured.  As an example, if the relay has no prior knowledge (or agreement with the eNB) of the control channel size, then relay transmission of its PDSCH in the first few symbols of a sub frame may cause interference to neighboring UE’s. Generalizing, this indicates the relay must either shut down or consistently amplify and forward on the time-frequency resources allocated to (i) cell-specific reference signals, and (ii) control channel transmission. We assume, for the sake of simplicity, that the relay shuts down on these resources. This, in turn, raises two issues on control signaling:
1. How the relay ensures that its PDSCH transmission does not collide with the control channel in the current sub frame 
2. How the relay can assist a UE which is unable to reliably receive control signals from the serving eNB.
We address both issues below, in Sections 3.1 and 3.2. Further, we also address the issues of reference signal insertion by the relay and interference coordination in Sections 3.3 and 3.4 respectively.

3.1. Collision Avoidance on the Control Channel
In a decode and forward scheme where the eNB transmits data in sub-frame n and relay decodes data to retransmit on pre-arranged RB’s in sub frame (n+k), the relay has to know the control channel size in subframe (n+k). Otherwise it will not know which symbol to start its data transmission on. This holds whether or not the relay does amplify and forward of the control channel symbols. Now, to make sure the relay knows the control channel length on sub frame (n+k), the following alternatives are at least possible:

1. Make the PDCCH size semi-static whenever a relay is active. This results in a scheduling restriction. 

2. Fix the PDCCH size to some value on sub frames where the eNB expects relays to transmit. That way, there is no cell-wide fixing, but only on those sub frames where the relay transmits.
3. Let the eNB use an unrestricted control channel size. In this case, the relay obtains an estimate of the control channel Nest which is greater than or equal to the actual control channel size. One way to do that is to set Nest to the worst case (N_worst) which for non-MBSFN subframes is can be as large as 4 as observed from table 2 below [7]. 
Table 2. Different PCFICH states

	Subframe
	Number of OFDM symbols for PDCCH when [image: image3.png]NpE 10




	Number of OFDM symbols for PDCCH when [image: image4.png]NpE <10





	Subframe 1 and 6 for frame structure type 2
	1, 2
	2

	MBSFN subframes on a carrier supporting both PMCH and PDSCH for 1 or 2 cell specific antenna ports
	1, 2
	2

	MBSFN subframes on a carrier supporting both PMCH and PDSCH for 4 cell specific antenna ports
	2
	2

	MBSFN subframes on a carrier not supporting PDSCH
	0
	0

	All other cases
	1, 2, 3
	2, 3, 4



Another way is to decode PCFICH as soon as possible. That way, the relay can potentially get Nest to be less than Nworst. If Nest is greater than the actual control channel size Nact, note that the relay will “waste” Nact – Nest OFDM symbols in the subframe. Another aspect to be noted is the UE’s behavior in this case. Unless Nest is fixed to Nworst, the UE does not a priori know the symbol where the relays’ transmission begins. It has to obtain the Nest by blindly decoding the control signal the relay transmits / some other explicit signal inserted to enable this blind decoding. The advantage is that this does not result in any scheduling restriction on the eNB at all, and is purely part of the handshake between relay and UE. 

Our preference based on ease of implementation is that of option 2.
3.2. Relaying of Control Signals To Coverage-Limited UEs

As noted earlier, there may be a case for the relay to assist the UE’s decoding of the control channel as well as the data channel. One way to achieve this goal is for the relay to amplify and forward the signals it receives on the control channel and reference signal locations. When this is not preferred (to avoid causing undue interference to other UEs in the vicinity), the relay may encode the control information for the serving UE onto the resource allocation provided for the relay–UE link. This requires that new control channel formats be created for the relay(UE signaling. The formats may convey only a subset of the information conveyed by the eNB ( UE link. For example, the resource allocation and/or the modulation scheme may already be fixed and may not need to be relayed. The presence of the control channel, its location and format are part of the initial setup between the relay and the UE.  

3.3. Relay Reference Signal Insertion

For decode and forward schemes, adding reference signals for relaying can be motivated by the following reasons:
1. Initial UE-Relay Pairing: It is anticipated that some measurements may need to be performed for both the relay-UE and eNB-UE links, e.g. RSRP-type measurements, long-term CQI. The measurements are facilitated with the reference signals. Such measurements are then made available at the eNB. Based on the measurements, the eNB


will pair the UE’s to the corresponding relay .
2. Channel Estimation: A separate set of RS signals may need to be inserted by the relay especially if downlink (relay–UE) beamforming is supported.
In addition, it is also clear that the relay must transmit nulls in RE’s occupied by the cell-specific RS, even in resource blocks assigned to it for PDSCH transmission. This is to ensure that channel estimates for other UEs in the vicinity are not affected. 
3.4. Inter-Cell Interference Coordination
In order to minimize interference across cells,  inter-cell coordination will be complementary to the relaying operation.  Here, it is anticipated as depicted in figure 3, that eNB’s will be able to semi-statically allocate resources to relays which do not overlap across cells. This, however, comes at a cost of a scheduling restriction.
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Figure 3. Inter-cell coordination for resource allocation between eNB’s

4. Summary

In this contribution we described some design considerations which will need to be considered in order to support decode and forward schemes for LTE-Advanced.  These are as follows:

1. Relaying PDSCH transmission should be such that there is no collision with the control channel in the current sub frame. Our preference is to fix the PDCCH size on those sub frames where the relay transmits.
2. Relays may assist coverage limited UE’s by also transmitting control information for the serving UE. In this case, there is a need for introducing new control formats.
3. Relays will need to add reference signals for initial UE-Relay pairing and channel estimation purposes. Design of the reference signals needs to be considered.
4. Inter-cell interference coordination is complementary to relaying in order to minimize interference overlapping resource allocation for cell edge UE’s.
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