3GPP TSG-RAN WG1 #63
R1-106225
Jacksonville, FL, US, 15th – 19th November 2010


Source:
NEC Group
Title:
On the Performance Evaluation and Improvement for Relays
Agenda Item:
6.6.3
Document for:
Discussion and Decision

1. Introduction

Relaying provides an attractive means of coverage extension and throughput enhancement. Support of Type I relaying in LTE-A has been agreed and the performance evaluation of Type I relay has been proposed or/and discussed in some of the previous meetings [1][2][3]. In this contribution, we provide detailed description of simulation setting and results on system level evaluations for relay downlink performance. Some results such as the percentage of the UEs associated with RNs are provided for purpose of calibrating the simulation results. Further, the throughput results are presented with the latest channel models in [4]. We also compare several relay backhaul resource partitioning schemes and propose the strategy for performance improvement.
2. Simulation Assumptions
We evaluated downlink in-band Type I relay. The simulated scenario is 3GPP case 1 (ISD = 500m). The subframes for backhaul transmission are fixed and are the same for all the cells. During the backhaul subframes, the eNBs also schedule data for MUEs (Macro UE). The interference in these backhaul subframes come from eNBs. During the access subframes, eNBs transmit to MUEs and RNs transmit to RUEs (Relay UE). The interference in these access subframes come from both eNBs and RNs. The interference model is better illustrated in Fig.1. The desired links and interference links are depicted for during backhaul and access subframes respectively. 
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Fig. 1. Interference model for backhaul and access subframes
The traffic model is full buffer at macro eNB and relay only forwards correctly decoded packets to its RUEs. The duplex method in simulation is TDD with backhaul to access subframe ratio as 1:1. More simulation parameters are shown in Appendix.
The RN placement method is shown in Fig.2 assuming there are 4 RNs in each sector. Relays are placed close to eNB antenna main lobe. Note there is another cell-sector layout assumption in which a hexagonal sector is used. This RN placement method is applicable for that cell-sector layout assumption as well. Relay site planning is realized by adding bonus to path loss formula, Alternative 1 in [4].
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Fig. 2. RN placement
3. Performance Evaluation
3.1 RN coverage
The unbiased RSRP cell selection rule is used as the baseline for comparison. The handoff bias in RSRP is used for cell range expansion and expected to provide capacity gain. 

With random UE drop, the percentage of UEs associated by RNs is affected by the number of RNs in a cell and the handoff bias. Table 1 shows the percentage of UEs served by RNs in different setting.

Table 1: Percentage of RUEs

	Handoff bias
	1 RN/cell
	2 RNs/cell
	4 RNs/cell

	0
	16.25%
	29.65%
	38.79%

	5dB
	21.84%
	37.52%
	45.59%

	10dB
	29.52%
	41.46%
	47.87%

	15dB
	34.92%
	49.78%
	55.68%


3.2 Throughput performance

In this section, we investigate the impact of RN placement, including different values on number of RNs per cell and distance between eNB and RN, and the impact of UE cell selection bias, in order to give in sights on RN deployment. In these simulations, the backhaul subframes are used exclusively for eNB to RN transmissions.
3.2.1 Impact of RN placement

Performance results with varying eNB to relay distance from 0.3 ISD to 0.5 ISD are shown in Table 2. 
Table 2: Throughput results for different eNB-RN distance

	
	eNB-RN distance 
	Sector throughput (bps/Hz)
	Sector throughput gain
	Cell-edge throughput (bps/Hz)
	Cell-edge throughput gain

	
	
	
	
	
	

	
	
	
	
	
	

	No Relay
	/
	2.1147
	0%
	0.0485
	0%

	1 RN/cell　
	0.3 ISD
	1.465
	-30.72%
	0.02866
	-40.91%

	　
	0.4 ISD
	1.6509
	-21.93%
	0.02723
	-43.86%

	　
	0.45 ISD
	1.638
	-22.54%
	0.03407
	-29.75%

	　
	0.5 ISD
	1.4151
	-33.08%
	0.02015
	-58.45%

	2 RNs/cell　
	0.3 ISD
	1.9307
	-8.70%
	0.03058
	-36.95%

	　
	0.4 ISD
	1.9905
	-5.87%
	0.02765
	-42.99%

	　
	0.45 ISD
	1.9761
	-6.55%
	0.02877
	-40.68%

	　
	0.5 ISD
	1.5835
	-25.12%
	0.00021
	-99.57%

	4 RNs/cell　
	0.3 ISD
	2.2442
	6.12%
	0.04801
	-1.01%

	　
	0.4 ISD
	2.4542
	16.05%
	0.04655
	-4.02%

	　
	0.45 ISD
	2.4019
	13.58%
	0.04963
	2.33%

	　
	0.5 ISD
	2.1407
	1.23%
	0.04235
	-12.68%


The sector and cell-edge throughput gains for different values on eNB to RN distance are shown in Fig.3. For scenarios where only 1 or 2 RNs in a macro cell, the performance with relays decreases over a non-relay system, in terms of average user throughput and cell-edge throughput. This is because backhaul subframes are reserved exclusively for RNs even when there are only very few RUEs to serve for each RN. This inefficient use of backhaul subframes results in the degraded performance of the relay system. When the number of RNs in a cell reaches to 4, the average throughput performance of the relay system increases, although the cell-edge user throughput does not improve. Relay nodes introduce new cell edges, thus the inter-cell interference becomes more serious without using any ICIC technique. The results also show that in any case, RN placement with eNB-RN distance from 0.4 to 0.45 ISD, which is near cell boundary, achieves a relatively better performance.
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Fig. 3. Sector throughput and cell-edge throughput gains for different eNB-RN distances
3.2.2 Impact of UE cell selection

We compared the impact of different UE handoff bias values. Sector throughput and cell-edge throughput of settings with different bias values on UE cell selection are listed in Table 3. The eNB-RN distance is set to 0.45 ISD for all simulations.
	Table 3: Throughput results for UE cell selection bias

　
	Handoff bias
	Sector throughput (bps/Hz)
	Sector throughput gain
	Cell-edge throughput (bps/Hz)
	Cell -edge throughput gain

	
	
	
	
	
	

	
	
	
	
	
	

	No Relay
	/
	2.1147
	0%
	0.0485
	0%

	1 RN/cell
	0
	1.638
	-22.54%
	0.03407
	-29.75%

	　
	5dB
	1.4445
	-31.69%
	0.03434
	-29.20%

	　
	10dB
	1.5351
	-27.41%
	0.03105
	-35.98%

	　
	15dB
	1.631
	-22.87%
	0.00829
	-82.91%

	2 RN/cell
	0
	1.9761
	-6.55%
	0.02877
	-40.68%

	　
	5dB
	1.9222
	-9.10%
	0.0441
	-9.07%

	　
	10dB
	2.0651
	-2.35%
	0.02147
	-55.73%

	　
	15dB
	1.9739
	-6.66%
	0.00904
	-81.36%

	4 RN/cell
	0
	2.4019
	13.58%
	0.04963
	2.33%

	　
	5dB
	2.5522
	20.69%
	0.05777
	19.11%

	　
	10dB
	2.3027
	8.89%
	0.02849
	-41.26%

	　
	15dB
	2.2887
	8.23%
	0.00601
	-87.61%


The sector and cell-edge throughput gains for different values on UE cell selection bias are shown in Fig.4. The results indicate that UE cell selection bias especially large bias value towards RN can increase the number of UEs associated with RNs, but does not necessarily improve the throughput performance. This is due to the fact that some UEs have chosen RN as the serving cell while they actually experience more interference this way. Further techniques are needed to enhance user throughput performance if we want the RNs to offload traffic from eNBs.
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Fig. 4. Sector throughput and cell-edge throughput gains for different handoff bias
4. Performance Improvement

In the previous section, the backhaul subframes are used exclusively for eNB to relay transmissions. This scheme uses the backhaul and access subframes to do the relay and macro UE resource partitioning. For example, in our simulations with 1:1 backhaul to access subframe ratio, relays and macro UEs in a macro cell each get half of the time-frequency resources for transmission. This fixed backhaul resource partitioning is not suitable for variable traffic demand and different access link capability for each relay. 
Some contributions, e.g. [2], use number of UEs of each relay to partitioning the resources in backhaul subframes. To be specific, eNB calculates resource sizes (i.e. number of RBs) for RNs depending on the number of UEs so that resource sizes allocated to each UE become equal. This scheme partly reflects the traffic demand by using the number of UEs associated with each UE. The access link capacity is not considered.
We propose a relay-buffer-based backhaul resource partitioning scheme which can address the above concerns. Each relay node feedbacks its current buffer level to its macro eNB. The eNB adjusts the resource demand based on the buffer occupancy (queue length) of each relay. The macro eNB schedules macro UEs after the demand for RNs are met during backhaul subframes.
We have simulated all the mentioned backhaul resource partitioning schemes, namely, 1) the backhaul subframes exclusively for relay nodes, 2) UE-number-based backhaul resource partitioning scheme, and 3) relay-buffer-level-based backhaul resource partitioning scheme.

The throughput results for different backhaul resource partitioning schemes are shown in Table 4. 

	Table 4: Throughput results for different backhaul resource partitioning schemes

　
	Backhaul resource partitioning scheme
	Sector throughput (bps/Hz)
	Sector throughput gain
	Cell-edge throuhgput (bps/Hz)
	Cell-edge throughput gain

	
	
	
	
	
	

	
	
	
	
	
	

	No Relay
	/
	2.1147
	0%
	0.0485
	0%

	1 RN/cell
	1
	1.638
	-22.54%
	0.03407
	-29.75%

	　
	2
	2.2276
	5.34%
	0.02844
	-41.36%

	　
	3
	2.1283
	0.64%
	0.05876
	21.15%

	2 RN/cell
	1
	1.9761
	-6.55%
	0.02877
	-40.68%

	　
	2
	2.4026
	13.61%
	0.01445
	-70.21%

	　
	3
	2.3491
	11.08%
	0.04859
	0.19%

	4 RN/cell
	1
	2.4019
	13.58%
	0.04963
	2.33%

	　
	2
	2.3347
	10.40%
	0.02858
	-41.07%

	　
	3
	2.3449
	10.89%
	0.0411
	-15.26%


The sector throughput gain and cell-edge throughput gain are shown in Fig.5. In cases where each macro cell has 1 or 2 RNs, the UE-number-based and relay-buffer-based backhaul resource partitioning schemes both can increase the average user throughput. However UE-number-based scheme has a very low cell-edge user throughput. When the number of RNs in a cell is 4, scheme with backhaul subframes exclusively used for RN has a better performance.  This is because with the increase of the number of RNs in a cell, the backhaul link becomes bottleneck, since more RNs are multiplexed in backhaul subframes. In this case, there is no need for resource partitioning at backhaul subframes. This bottleneck effect is a combination of multiple factors, such as number of RNs in a cell, number of MUEs and RUEs, backhaul to access subframe ratio, channel condition of backhaul and access links, and real traffic. For a TDD system, the backhaul to access subframe ratio is restricted to very limited choices for each TDD configuration. Therefore the relay-buffer-based scheme is recommended when the number of RNs in a cell is small or RN traffic load is not very high.
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Fig. 5. Sector throughput and cell-edge throughput gains for different backhaul resource partitioning schemes
5. Conclusions
In this contribution we provide performance evaluation results for system level simulations on Type 1 relays. Some basic yet important factors are considered to understand the impact on the performance results. It will give some hints on the design and the implementation of relay deployment. We also propose a new backhaul resource partitioning scheme based on relay buffer level to improve the system performance. 
Our proposals are:

ICIC has to be considered in an interference-limited relay system to get performance gain.

Under current channel model and random UE distribution assumptions, eNB-RN distance should be about 0.4~0.45 ISD which is near cell boundary. 
UE cell selection bias towards RN does not improve the system throughput performance without ICIC technique.
The relay-buffer-based backhaul resource partitioning scheme is recommended when the number of RNs in a cell is small or RN traffic load is not very high.
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APPENDIX: simulation assumptions
	Parameter
	Assumption/Value

	Simulation case
	3GPP Case 1

	Channel model
	SCM

	Cellular layout
	Hexagonal grid, 7 sites, 3 sectors per site, wrap‑around

	Relay deployment
	1, 2, 4 relays per sector

	UE number
	15 UEs per sector

	Total eNB TX power (Ptotal)
	46dBm

	Total relay TX power
	30dBm 

	Distance-dependent

Path loss(dB)
	eNB-UE
	PLLOS(R)=103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R)  For 2GHz, R in km.

Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)

	
	eNB-RN


	PLLOS(R) = 100.7+23.5log10(R)

PLNLOS(R) = 125.2+36.3log10(R) For 2GHz, R in km.

Prob(R)=min(0.018/R,1)*(1-exp(-R/0.072))+exp(-R/0.072)

	
	RN-UE
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)  For 2GHz, R in km

Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03))

	Shadowing standard deviation


	eNB-RN
	6dB

	
	eNB-UE
	8 dB

	
	RN-UE
	10 dB

	Penetration loss 


	eNB-RN
	0 dB

	
	eNB-UE
	20 dB

	
	RN-UE
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Minimum distance between UE and BS
	35 m

	Minimum distance between UE and Relay
	10 m

	Frequency reuse factor
	1

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern for macro eNBs to Relays/UEs 
	horizontal
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	Antenna pattern for Relays
	RN-UE
	Omni-directional

	
	eNB-RN
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	BS antenna gain 
	14 dBi 

	Relay antenna gain 
	5 dBi

	UE antenna gain
	0 dBi

	BS and relay transmitter to UEs
	2 antennas

	Relay receiver
	2 antennas

	UE receiver
	2 antennas

	UE speed
	3 km/h

	Relay noise figure
	5 dB

	UE noise figure
	9 dB

	Control channel model
	Ideal

	Channel Estimation
	Ideal

	Control channel overhead
	L=3 symbols

	HARQ

	IR
maximum retransmission times: 6

	CQI feedback delay
	6ms

	Traffic Model

	Full buffer at macro eNB

	Scheduling algorithm 
	PF

	Link to system level interface
	MIESM
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Desired signal during backhaul subframes





Interference signal during backhaul subframes
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Desired signal during access subframes
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