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1 Introduction

Relaying has been adopted in LTE-Advanced as an enhanced technology to enable traffic/signalling forwarding between eNodeB and UE for better coverage and/or throughput improvement [1-7]. Type II relays are characterised by the fact that they do not have their own cell ID, and will not introduce any new cells [7]. Therefore, the relay node would appear to be transparent to the UEs when the UEs are under the coverage of the relay node [8]. The relay node would provide the service to the UEs at the extended range of coverage area or throughput performance enhancement at the cell edge, as illustrated in [6].
Some technologies have been proposed to enhance the performance of Type II relays. In [3], it was proposed that in interference-limited scenarios such as Case 1, eNodeB transmit power reduction can improve the system performance by reduction of inter-cell interference. [4] explored Type II relay capability in resource reuse among RNs with further enhanced throughput. The system design framework [8, 9] and practical considerations [10-13] of cooperative relays have been explored. The performance advantage of cooperative relays was outlined in [11]. Besides, inter-cell interference coordination (ICIC) [14] is also an enhanced technology for system performance improvement.
In this contribution, we study the Type II relay and evaluate its downlink system performance with some enhanced technologies in LTE-Advanced system. 
2 Type II Relay System Performance
2.1 Type II Relay System performance comparing with the cell without relay nodes
The Type II relay system performance analysis starts with the performance analysis of a system with Type II relay node(s) added to the cells compared to a system where the cells do not have relay nodes. The relay nodes in the Type II relay system are designed to assist their respective donor eNodeBs to serve the UEs which have bad eNodeB-UE radio links.  The relay nodes bridge the information transport between the donor eNodeB and the UE with two better-quality eNodeB-RN and RN-UE radio links. The comparison of the system performance between cells with and without Type II relay nodes provides the benchmark of the Type II relay performance.  
The Type II relay is characterized by its transparency to the R-8 UE since the relay node does not have its own physical cell ID. The radio resource management (RRM) function for the Type II relay is located at the donor eNodeB. The eNodeB RRM will supervise and coordinate the service with the relay nodes to the UE. The UE will be served by either the donor eNodeB, the relay node(s), or both. The selection of the serving node is also transparent to the R-8 UE. 
The simulations presented here use the long-term received power to determine if the UE is served by the donor eNodeB or the relay node.  The radio resources are partitioned in a fixed way among all the UEs within a cell, regardless of whether they are served by the eNB directly or by the relay node.  Note that if one resource block is assigned to a UE served by the RN, it may be used for either eNodeB-RN backhaul transmission or RN-UE access transmission according to the RN status and its buffer level.
Figure 1 and Table 1 summarize the cell-edge and average spectral efficiency gains with the introduction of relay nodes.
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Figure 1 Spectrum efficiency CDF with or without RN

Table 1: System simulation results with relays
	
	Gain on 5-percentile
	Gain on average
	Proportion of relayed UEs

	2 RNs per sector
	24.44%
	2.42%
	18.1%


The simulation results comparing the system with and without Type II relays nodes are summarized in Table 1. The simulation results show that the addition of the relay nodes in the cell could improve the system capacity even if only 18% of the UEs were served by the relay nodes.  The system performance gain at the tail 5% indicates the enhancement of cell edge throughput and extension of cell coverage. This performance improvement of the system with Type II relay nodes comes from two aspects.  The radio link quality of the cell-edge UEs improves when the UEs are served by the relay node because of smaller propagation loss and reduced shadowing. The other aspect is interference reduction by partitioning the resources between the eNodeB and RNs. However, the UE association metric with eNodeB or relay node is not yet optimized in this simulation. The resource allocation of the eNodeB-RN link could be further optimized to improve the system performance of the UEs served by the eNodeB.
2.2 System performance with eNodeB transmit power adjustment
The transmit power in the simulation parameters in [15] is set for the eNodeB and the relay node to have their own coverage areas.  For Type II relays, the relay node coverage area would be overlapped with at least some of the eNodeB coverage area. The transmit power of the eNodeB and relay node are important parameters to optimize. A straightforward way to reduce the inter-cell interference is to reduce the transmission power of the PDSCH from the eNodeB. This will also allow more UEs to associate with the relay node when they are under the relay node coverage area. 
Figure 2 and Table 2 summarize the cell-edge and average spectral efficiency gains of the relay network in case of different eNodeB transmitter powers. 
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Figure 2 Spectrum efficiency CDF for different eNodeB Tx powers

Table 2: System simulation results with adjustment of eNodeB Tx power
	eNodeB Tx power
	Gain on 5-percentile
	Gain on average

	46 dBm
	24.44%
	2.42%

	42 dBm
	34.9%
	5.10%

	38 dBm
	43.6%
	8.73%


The simulation results of the Type II relay system performance with eNodeB transmit power reduction in comparison with those cells without relay nodes are shown in Table 2. The simulation results shows that the system performance improves proportional to the degree of reduction of the PDSCH transmit power at the eNodeB (at least for moderate power reductions). Note that the transmit power distribution between the eNodeB and the relay node in Type II relay could be further optimized by more advanced ICIC. 
2.3 System performance with intra-cell spectrum reuse
Another interesting point in the Type II relay network is the frequency reuse.  Since the scheduler for Type II relays is located at the eNodeB, relay node can be scheduled to reuse the same resource blocks used by other RNs within the same cell. Since the relay nodes within a cell have different coverage areas and low transmitter powers, simultaneous transmission from those relay nodes would create little interference to the UEs served by other relay nodes in the cell.
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Figure 3  Spectrum efficiency CDF for intra-cell spectrum reuse

Table 3: System simulation results with intra-cell spectrum reuse
	
	Gain on 5-percentile
	Gain on average

	Spectrum reuse among RNs
	24.5%
	5.56%


Simulation results for the spectral efficiency gain compared to the case of no relay deployment for resource reuse among the relay nodes in a cell are shown in Figure 3 and Table 3. It can be seen that 5.56% improvements achieved in the average throughput and 24.5% in the cell edge spectral efficiency. The extra performance gain is from the resource reuse. 
2.4 System performance with cooperative relay

Another advantage of Type II relays is the possibility for cooperative transmission from the eNodeB and the RN, i.e. UE receives the signals from eNodeB and RN to extract the spatial gain by using open-loop or closed-loop MIMO techniques. With cooperative relays, the RNs have coverage areas which overlap with some part of eNodeB coverage area. The UEs can simultaneously receive data from the eNodeB and RNs to improve the received signal quality. Further discussion of coordinated transmission can be found in [8].
The activation of cooperation in the system simulations is set by threshold detection of the received signal quality at the UE. If the UE received signal satisfies the cooperation criterion, the corresponding system configuration, resource allocation and system parameters can be coordinated between the donor eNodeB and the relay node for the service provision to that UE. 
In an interference-limited scenario, eNodeB transmit power adjustment can also be employed to improve the system performance for cooperative relaying. The adjustment of the PDSCH transmit power should be coordinated between the eNodeB and the relay node to reduce imbalance in the reception at the UE, and minimize the inter-cell interference. When the received signal quality at the UE from the eNB is better than that from the RN, eNB transmit power adjustment would be performed to reduce the power imbalance and optimize the performance gain. 
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Figure 4  Spectrum efficiency CDF for cooperative relay

Table 4 System simulation results with cooperative relay
	
	Throughput gain on 5-percentile
	Throughput gain on average

	Cooperative relay
	41.6%
	11.4%


In this simulation, SFBC is applied for cooperation. The eNodeB transmit power is adjusted to be 38dBm for cooperative transmission compared to 46dBm for non-cooperative transmission. The simulation results in Figure 4 and Table 4 show that the system throughput is significantly improved by cooperative transmission. The performance gain comes partly from the inherent spatial diversity of this relaying scenario and partly from the reduction in inter-cell interference thanks to the eNodeB transmits power reduction.
2.5 System performance with ICIC

Interference mitigation is one of the key issues under investigation to achieve the dense spectrum reuse for higher performance. And there are many interference mitigation techniques, such as interference cancellation through receiving processing, interference randomization by frequency hopping and interference avoidance through resource usage restrictions imposed by frequency and power planning. 

In a cellular network with type II relay nodes deployed, due to the half-duplex relaying and especially if the donor eNB and its subordinate RNs work in the TDM mode, the on-off status of transmitters (donor eNodeB and RNs) keep changing in each sector. Thus, from the viewpoint of interference received from neighbouring cells, the experienced interference at a specific UE would change drastically. And this uncertain interference variance would bring much difference on CQI even for the contiguous two subframes. That is to say, the measured CQI at subframe n can no longer be used as a useful reference for the link adaption and channel-aware scheduling of the subframe n+k, where k is the scheduling delay. We call it the interference uncertainty problem which is caused mainly by the unpredictable on-off status of the possible interfering transmitters. Figure 5 illustrates the comparison of user-SINR variation coefficients with and without relays based on the received SINR. It shows obviously that the interference is much more uncertain in a relay-deployed cellular system than that in a conventional system.
It is straightforward to solve this problem by making the interference on-off status known aforehand via inter-cell interference coordination (ICIC). This ICIC is performed based on semi-static resource pre-assignment among eNodeB and RNs within each sector and inter-cell interaction among eNodeBs via the X2 interface. And the resources assigned to RN can be semi-adjusted based on the buffer status on RN. Also the UE is expected to measure the RSRPs from serving node and potential interferers, which would be fed back to the donor eNodeB.  In this way, the channel quality at the subframe n+k could be predicted based on the known interference on-off status at subframe n+k. Then using this predicted channel quality, donor eNodeB can perform the link adaption and resource scheduling for subframe n+k.
Figure 6 illustrates the performance comparison with and without ICIC. The black and blue curves in Figure 6 are regarded as the baselines, which are the same as shown in Figure 1. Table 5 provides the corresponding cell-average/cell-edge user throughputs for each case. It shows that for cell-average user throughput, there are about 12.6% and 9.96% gains provided by ICIC compared with the two baselines, respectively Similarly, for cell-edge user throughput, there are about 36.8% and 9.97% gains, respectively. As a matter of fact, the significant throughput improvement is obtained by more accurate MCS selection after removing uncertain interference.
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Figure 5 Comparison of user-SINR variation coefficients                                         Figure 6 Spectrum efficiency CDF with ICIC
Table 5  Normalized user throughput comparison

	Round-Robin
	Baseline (no relay)
	Without ICIC
	With ICIC

	Cell-average (bps/Hz/cell)
	1.157
	1.185 (+2.42%)
	1.303 (+12.6%, +9.96%)

	Cell-edge (bps/Hz)
	0.0266
	0.0331 (+24.4%)
	0.0364 (+36.8%, +9.97%)


2.6 System performance with combined enhanced technologies
In this section, we will provide the simulation results with combined enhanced technologies in the former sections, such as intra-cell frequency reuse and cooperative transmission. Some simulation assumptions have been updated according to the standardization progress. The system bandwidth and UE numbers in one sector have been changed to 5MHz and 25, respectively. The cooperation operation is the same as in Sec. 2.4. The intra-cell frequency reuse is applied in the second hop between each RN.
The eNodeB transmit power is adjusted to be 38dBm for cooperative transmission compared to 46dBm for non-cooperative transmission, as same as Sec. 2.4. The simulation results in Figure 6 and Table 6 show that the system throughput is significantly improved by the combined enhanced technologies.
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Figure 6  Spectrum efficiency CDF for combined enhanced technologies
Table 6  Normalized user throughput comparison
	
	Throughput gain on 5-percentile
	Throughput gain on average

	Combined enhanced technologies
	0.01(0.012)
20%
	1.0949(1.6058)

53.02%


2.7 System performance with new RN position and UE allocation
In this section, we apply the new RN position [16] and UE allocation scenarios in the system simulation. Figure 7.1 shows the new RN position from CMCC’s suggestion. In our simulation, UEs are dropped with cluster mode at the cell edge, where RN is also placed on the cell edge within the center of the cluster area. The radius of the RN cluster is set ot be 30 meters, while 6 UE are located randomly in this cluster. This simulation is just to discuss some special relay application scenarios, such as indoor hotspots, stadium and shuttle bus. The bandwidth is 5MHz and the number of total UEs in one sector equals 25. The other simulation parameters are updated based on 36.814 (v1.4.1). The simulation results show that Relay can provide large gain when using cluster mode. 
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0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Normalized User Throughput(bps/Hz)

CDF=P(Rate<=X)

 

 

Case without RN

Case with RN

Figure 7.2 Spectrum efficiency CDF for new RN Position and UE allocation


Table 7  Normalized user throughput comparison
	
	Throughput gain on 5-percentile
	Throughput gain on average

	Combined enhanced technologies
	0.0146(0.019)
30%
	1.15(2.074)

80.3%


3 Conclusions
This contribution shows the preliminary results of Type II relay performance. Type II relay performance has been benchmarked by comparing with a system without relay nodes.  The performance results indicate that the addition of Type II relay nodes would improve the cell edge throughput as well as the average cell throughput. Additional techniques like eNodeB transmit power reduction would further improve the system performance by reducing inter-cell interference. The cell throughput improvement in this case is proportional to the degree of transmit power reduction at the eNodeB. Radio resource reuse for the UEs under the coverage of different relay nodes also gives additional improvement in the system performance. Also, cooperative relaying with a simple SFBC scheme can provide an additional 11% gain in average cell throughput in comparison to non-cooperative relaying. Finally, ICIC based on semi-static resource pre-assignment and interaction proves useful to overcome uncertain inter-cell interference and plays an important role in further system throughput enhancement. Advanced algorithms and further system optimization to improve Type II relay performance are FFS. 
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5 Annex

5.1 Simulation assumption

A 7-macro-cell 3-sectored site hexagonal grid system layout is simulated assuming 3GPP channels using cell wrap-around. And the simulation assumption is outlined in Table 6 [15]. 

Table 6  System simulation parameters
	Parameter
	Value

	Cellular layout
	Hexagonal layout with wrap around, 7 eNodeBs, 3 cells per eNodeB

	System bandwidth
	10 MHz, downlink (Sec. 2.1-Sec. 2.5), 5MHz, downlink (Sec. 2.6-2.7)

	ISD
	500 m (Case 1)

	eNodeB Tx power
	46 dBm

	RN Tx power
	30 dBm

	RN positioning
	2/3 radius

	Number of RNs per cell
	2

	Number of UE per sector
	10 UEs per sector (Sec. 2.1-Sec. 2.5), 25 UEs per sector (Sec. 2.6-Sec. 2.7)

	Traffic model
	Full buffer

	Scheduler algorithm
	Round-Robin

	Downlink HARQ
	Asynchronous HARQ with CC, Maximum three retransmissions, and hop-by-hop HARQ in relay network

	Channel
	SCM urban macro high spread for 3GPP case 1

	eNodeB antenna
	1 Tx antenna 

	RN antenna
	1 Tx antenna and 2 Rx antennas 

	UE antenna
	2 Rx antennas 

	Antenna configuration
	eNodeB antenna pattern: 

      14dBi antenna gain, sectorized 
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RN antenna pattern:

      Relay-UE link:  

             5dBi antenna gain, Omni,  
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UE antenna pattern: Omni

	Downlink receiver type
	MRC

	Path-loss model
	Macro to UE
	L=Prob(R)PLLOS(R)+ [1-Prob(R)]PLNLOS(R)，For 2GHz, R in km. 

Penetration loss 20dB 

PLLOS(R)=100.7+23.5log10(R) 
PLNLOS(R)= 128.1+37.6log10(R) 
Where Prob(R)=0

	
	Macro to Relay
	L=Prob(R)PLLOS(R)+ [1-Prob(R)]PLNLOS(R)-B，For 2GHz, R in km, where  
PLLOS(R)=100.7+23.5log10(R) 
PLNLOS(R)= 125.2+36.3log10(R)
  
Prob(R) based on ITU models: 

ISD 0.5 km: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063) 
ISD 1.73 km: Prob(R)=exp(-(R-0.01)/1.0) 
where Bonus for donor macro is set to 5dB

	
	Relay to UE
	L=Prob(R) PLLOS(R)+[1-Prob(R)]PLNLOS(R)，For 2GHz, R in km, where 

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)) 

	Channel estimation error
	None

	Control Channel overhead, Acknowledgements etc.
	LTE: L=3 symbols for DL CCHs, overhead for demodulation reference signals
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Figure 7.1 New RN position (2 RN in one Sector)


Figure 7.2 Spectrum efficiency CDF for new RN Position and UE allocation
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