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1
Introduction

At the RAN1 #56, it was agreed that type 1 relay should be part of LTE-Advanced with further study [1]. It is shown that the introduction of type 1 relay can improve the average system throughput significantly due to the cell splitting effect. However, the unconstrained resource reuse in access link aggravates the interference intra-cell, which causes much unreliable transmission for the UEs located in the overlapped areas served by eNB and relay respectively. 
With the adoption of R-PDCCH [6] agreed in the RAN1 #57 meeting, this contribution shows the COMP intra-cell can be effectively accomplished by taking advantage of the R-PDCCH, in order to improve these virtual cell edge performance and henceforth enhance the reliability of data transmission.
2 on the control channel in backhaul link 
To implement coordination based on relay intra-cell, we need to have a study of the control channel design on how to exchange the control information between the donor eNB and cooperative relay. Aware of the fact that the number of macro UE served by donor eNB is greatly reduced with more relays deployed in the studied scenario. We find that there is a straightforward advantage with the Type I relay employed to do cooperation with respect to the control signalling for the joint scheduling. Since the relay nodes are under the scheduling of the eNB, they can exchange the control signalling with the donor eNB through PDCCH or PUCCH. 
In the #57 meeting, the option of R-PDCCH [6] is agreed as an effective way to allocate the resources for RNs. R-PDCCH can be time multiplexed with backhaul data in time domain by referring to [9]. In this case, an eNB needs to predefine portion of the DL resource as a relay zone which is used for backhaul transmission to RNs to keep backward compatibility for macro LTE UEs as shown in Fig.1. Within the relay zone, R-PDCCH and backhaul data can be multiplexed in time domain in a manner as legacy LTE PDCCH and LTE PDSCH are multiplexed. Relay zone for R-PDCCH and backhaul data transmission can be configured by high layer signalling with semi-persistent manner. 
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Fig. 1. R-PDCCH allocation for RNs; TDM with backhaul data 

3 COMP intra-cell through R-PDCCH
In this proposal, we show that R-PDCCH may enable the implementation of the COMP intra-cell. 
Assume that the normal UE is abbreviated as N-UE. The UE that could do cooperation based on type I relay intra-call is termed as coordination UE, i.e., C-UE.

With the adoption of R-PDCCH, the control information of C-UE can be joined with the control information of eNB to relay in the R-PDCCH to send to relay. Henceforth, the relay may have the knowledge of the scheduling information of the C-UE. The eNB shall not blacken the relay node in its destination address list during its PDSCH transmission that is targeted to the C-UE.

In this way, the relay nodes acquire the knowledge of the control information and data information of C-UE to facilitate the cooperation transmission intra-cell. 
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Fig. 2. Control channel design for cooperation implementation
4 Performance evaluation

The simulation platform is set up as follows with the simulation parameters shown in Table I of Appendix.
1. The relays are located on the line between the cell centre and cell corner, and the distance between the relay and the cell centre is 0.7R with cell radius denoted as R;

2. To judge whether a UE needs to do coordination or not is dependant on the C/I at the UE side. The threshold is set as an arbitrary value of 0dB. That is, a UE with C/I lower than 0dB is preliminarily classified as C-UE. The C-UE will indicate their request of coordination to the server in the corresponding control messages;
3. The eNB and the relay will revisit their C-UE set respectively to choose some that are most in demand of coordination with respect to the constraint of the available resource. The selection is based on the PF value. A C-UE with a high PF is of high possibility of being a target one;

4. The relay reports the selected C-UE information to the eNB for the final decision. The eNB compares its selected C-UE with that from relay with regarding to the value of PF, to determine the target C-UE that will eventually be coordinated.
5. Upon determining the target C-UE, the eNB and relay can coordinate their data transmission to the UE to enhance the reliability of the data transmission. 
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Fig. 3. Cell average throughput (Mbps) 
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Fig. 4. Cell edge throughput (Kbps) 
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Fig. 5. CDF of UE throughput

Fig. 3 and Fig. 4 show the cell average throughout and cell edge throughput respectively. As shown in Fig. 3, the introduction of type 1 relays improves the cell average throughput obviously. However, the unconstrained resource reuse would lead to the severe interference between the access link of the relay and that of the eNB , which consequently worsens the cell edge performance as shown in Fig. 4. By exploiting the COMP intra-cell between the relay and the eNB, the cell edge performance can be improved obviously (around 14%). Meanwhile, the gain of the average cell throughput is guaranteed. 
Fig. 5 shows the CDF of the UE throughput. From the left subfigure, we observe that UE throughput increases with the relay deployed in the system. It follows the same trend in Fig. 3 since it approximately represents the cell average throughput. The right subfigure is a magnified CDF at the value of around 5% of the left subfigure. Compared with the case of no relay, UE throughput descends with the relay without COMP employed whereas ascends in the case of the relay with COMP. It is consistent with the result in Fig. 4, which tell that the low value of UE throughput approximately indicates the cell edge throughput. 

Overhead evaluation

There is additional complexity associated to the COMP schemes that should be outlined. 

Indeed, it should be noted that since additional control signalling is required in R-PDCCH, rules for determining how the control information will be distributed over R-PDCCH between the conventional control information and the additional COMP information will need to be considered with respect to the format of DCI. Also, the proposed COMP scheme should take into considerations the minimum control overhead when calculating the proportion of frequency resource that is taken for COMP over the totally consumed resource. In this simulation, we found the proportion of frequency resource that C-UE consumes over all the consumed frequency resource is about 4.75%.
However, considering the good channel condition in the backhaul link, the high order MCS scheme (16QAM, 64QAM) are suggested to being the alternative of QPSK, in order to mitigate the control overhead of R-PDCCH. Therefore, the resulting control overhead is reasonably acceptable for the implementation of COMP intra-cell.

5 Conclusion
We draw the conclusion that the intra-cell CoMP based on Type 1 relay can be effectively accomplished by taking advantage of the R-PDCCH. The simulation results show that the intra-cell COMP may improve the cell edge performance obviously (around 14%) with a reasonably acceptable control overhead. 
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Appendix

	Parameter
	Assumption

	Scenario
	Case 3: 2G CF, 1732m ISD, 10M BW, speed 3km/h

	Cellular layout
	Hexagonal grid, 19 cells, 3 sectors per cell

	Relay layout
	2 relays per sector

	Load
	Average 30 UE per sector

	UE distribution
	Users dropped uniformly in entire sector

	Total eNB TX power (Ptotal)
	46dBm

	Total relay TX power
	37dBm

	BS antenna gain plus cable loss
	14 dBi

	Relay antenna gain plus connector loss
	14dBi for relay to UE with directional antenna; 5dBi for ominidirectional antenna; 14dBi for backhaul link receiving 

	UE antenna gain
	0 dBi

	Noise figure at relay
	5dB

	Noise figure at UE
	9dB

	Noise power spectral density of Relay/UE
	-174 dBm/Hz

	Distance-dependent path loss for macro to UE
	L=128.1 + 37.6log10(R), R in kilometers

	Distance-dependent path loss for macro to relay
	L=Prob(R)PLLOS(R)+ [1-Prob(R)]PLNLOS(R)
For 2GHz, R in km

PLLOS(R)=100.7+23.5log10(R)
PLNLOS(R)= 125.2+36.3log10(R)
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)/0.200)

	Distance-dependent path loss for relay to UE
	L=Prob(R) PLLOS(R)+[1-Prob(R)]PLNLOS(R)

For 2GHz, R in km

PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)

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))

	Minimum distance between UE/relay and cell
	>= 35 meters

	Minimum distance between UE and relay
	>= 10 meters

	Penetration Loss  
	0dB for macro to relay; 20dB for relay to UE and macro to UE

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Inter-cell interference modelling
	explicit modelling 

	Channel model
	backhaul link: AWGN, access link: SCM-E

	Number of antenna elements (BS, Relay, UE)
	(1,1,1)/(2,2,2)

	Polarization
	No

	Scheduling algorithm
	PF

	Number of MCS candidates for link adaptation
	15

	Channel estimation error
	Ideal estimation

	Receiver algorithm
	MMSE


Table 1. Simulation parameters
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