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1 Introduction
This contribution provides some simulation results on the system level performance with relays. We carried out simulations using the latest evaluation methodology [1], which includes the recently agreed Case 3 Suburban channel model in [2]. Furthermore, we investigated the enhanced serving cell selection and scheduling method to improve the overall system performance.
2 Simulation Assumptions
The deployment consists of dropping 1425 UEs and all relays randomly over the entire 57-cell network with a uniform spatial distribution. It is assumed that a fixed number of relays are deployed per cell. For a fair comparison between the macro-only deployment and the relay deployment, the exact same UE distribution is applied to each deployment. In each deployment, each UE has the same position and propagation parameters for the macro cells, e.g., path loss, shadow fading. Fast fading is modeled using ITU/SCM models in [3]. Detailed simulation parameters are given in the appendix.
For a backhaul link model, two antenna sets, i.e. a directional antenna directed toward the donor cell and an omni-directional antenna for the relay-access link, are assumed. The benefit of optimized relay-site planning is modeled via a bonus of 5 dB to the non line-of-sight (NLOS) path loss from the donor macro-site to the relay and a higher line-of-sight (LOS) probability for the backhaul link.
The serving cell selection is performed using reference signal received quality (RSRQ), i.e. considering the extent of interference, because of the large difference in transmission power between a macro cell and a relay. In addition, the quality of backhaul link is also considered to prevent a UE being served by a relay even though the UE has a direct link (macro cell to UE) of better quality.
The macro cells and relays independently allocate radio resources to their UEs using a time and frequency selective Proportional Fair scheduler. The relay can transmit data to its relay-UEs (attached to the relay) in any subframes in which it is not configured as the backhaul subframes, i.e., the subframes configured as MBSFN subframes in the relay. During the backhaul subframes, it is assumed that a macro cell may transmit data to both its relays as well as its macro-UEs (attached to the macro cell) to improve fairness. The macro cell allocates resources to each relay in proportional to the number of UEs attached to the relay. Therefore, the relay serving more UEs gets more resources. Each relay has multiple buffers for each relay-UE to accumulate the access traffic, which will be transferred to the relay-UE. The amount of allocated resources to each relay-UE is constrained not to exceed the size of corresponding buffer. This constraint ensures the impact of bottlenecks in backhaul link.
3 Simulation Results
3 Enhanced serving cell selection and Scheduling

Under the general serving cell selection method based on the reference signal received power (RSRP), a UE may be served by a macro cell although the downlink received power from a relay is comparable to that from the macro cell due to the large difference in transmission power between a macro cell and a relay. As a result, such UE experiences strong interference from the relay and it results even worse, compared with the macro-only deployment, throughput performance. A similar problem also happens to a UE served by a relay when the DL received power from a macro cell is still strong. In fact, such problems do not happen if the macro cells and relays transmit data to their UEs on the different resources, separated by time or frequency. However, it requires sophisticated resource partitioning and allocation.

In this simulation, the serving cell selection is performed considering not only the RSRP but also the extent of interference. Assuming the access subframes, used for transmitting data to macro-UEs and relay-UEs, are reused by the macro cells and relays simultaneously, the following approach can improve overall system performance.
First, the macro-UEs interfered by nearby relays could be distinguished using the RSRP, RSRQ reports. It also could be done by measuring interference on the backhaul subframes and on the access subframes, independently. If the macro cells transmit a backhaul link signal at the same time, the relays turn off their DL transmission to receive the backhaul link signal, and as a result, the macro-UEs are interfered only by the macro cells during the backhaul subframes. On the other hand, the UEs are interfered by both the macro cells and relays during the access subframes. Therefore, for example, the difference in the extent of interference between on the backhaul subframes and on the access subframes could be reported to a macro cell, and the macro cell could distinguish the UEs experiencing severe interference on the access subframes. Then, the macro cell can schedule those UEs on the backhaul subframes by multiplexing with its relays as much as possible. In an aggressive manner, the relay-UEs severely interfered by a DL signal from the macro cells could be forced to select a macro cell as a serving cell if the interference on the access subframes is too strong, in order to be scheduled on the backhaul subframes.
In addition to the above approach, the backhaul link quality is also considered to prevent the backhaul link being a bottleneck. In order to achieve this, the backhaul link qualities of candidate relays have to be known at the UE. Then, the minimum quality of the backhaul link and the relay-access link is used to compare the candidate relay with other cells.

Table 1 REF _Ref251587724  \* MERGEFORMAT  shows the percentage of relay-UE for different simulation scenarios. For Case 3 Suburban scenario, the LOS probability for the direct link decreases very quickly when considering the inter-site distance (ISD) as shown in Figure 1. As a result, the number of relay-UE is increased more than three times when compared with Case 3 Rural scenario. This scenario could be used to study the coverage-improvement performance of relays.
Table 1: Percentage of relay-UE
	
	Case 1
	Case 3 (Rural)
	Case 3 (Suburban)

	1 relays/cell
	11%
	3%
	10%

	2 relays/cell
	18%
	5%
	20%

	4 relays/cell
	28%
	9%
	32%

	10 relays/cell
	33%
	15%
	50%
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Figure 1: LOS probability for the direct links
3 Throughput Performance

The throughput results are obtained where the number of backhaul subframes per frame is fixed as 6. The performance gain of both 5% worst and mean user throughput is obtained with respect to the macro-only deployment.
Figure 2 shows the throughput gains under the different serving cell selection methods. When using the method in the previous section, the percentage of relay-UE is somewhat decreased compared to when using the RSRP based serving cell selection method (the latter result is not included). Meanwhile, this method provides a substantial gain for Case 1 scenario, especially on the 5% worst UE throughput. It means that there is substantial numbers of UEs experiencing strong interference, particularly in the more dense area with more relays, under the RSRP based serving cell selection method, and the number of such UEs could be effectively reduced under the enhanced serving cell selection method.
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Figure 2: Per UE throughput gain w.r.t the macro-only deployment for Case 1
Table 2 and Figure 3 below show the throughput and the throughput gain of relay deployments, respectively, for Case 1, Case 3 Rural and Case 3 Suburban scenarios. It can be observed that both 5% worst and mean user throughput are increased with relays. In particular, the performance improvement in Case 3 Suburban scenario is noticeable. Since the LOS probability for the direct link decreases quickly, the cell edge UEs can exploit the cell-splitting-like gain very well. Compared to Case 1 scenario, the throughput gains are higher although the ratio of relay-UE is similar for 1, 2, and 4 relays per cell. Thus, the performance gain could be increased if more relays are deployed for the cell edge users.
Table 2: Per UE throughput [kbps]
	
	Case 1
	Case 3 (Rural)
	Case 3 (Suburban)

	
	5% worst
	Mean
	5% worst
	Mean
	5% worst
	Mean

	Macro-only
	212
	712
	215
	720
	142
	630

	1 relays/cell
	237
	774
	223
	738
	157
	699

	2 relays/cell
	248
	806
	225
	753
	173
	759

	4 relays/cell
	283
	851
	230
	775
	205
	832

	10 relays/cell
	291
	861
	255
	818
	295
	921
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Figure 3: Per UE throughput gain w.r.t the macro-only deployment

The above result shows that the throughput is generally improved with the number of relays. When comparing Case 1 and Case 3 (either rural or suburban), the mean user throughput gain for Case 1 looks saturated. This is because the backhaul link quality of Case 1 is worse than Case 3. As the number of relays is increased, the backhaul link becomes bottleneck for the relay-UE throughput.
4 Summary
In this contribution we evaluated the system level performance with relays. It is shown that the relays provide a substantial throughput gain and it is increased with more relays. However, the gain is limited by the backhaul link. Moreover, the gain is sensitive to the channel model and the position of deployed relays. In order to increase the gain, following issues could be investigated further:
· Optimized relay deployment;
· Enhanced serving cell selection considering the interference and backhaul link quality;
· Scheduling for the UEs experiencing severe interference.
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Appendix

	Parameter
	Assumption/Value

	Simulation scenario
	3GPP Case 1, Case 3 (Rural), Case 3 (Suburban)

	Cellular layout
	Hexagonal grid, 19 macro cell sites, 3 cells per site, wrap‑around

	Relay deployment
	1, 2, 4, 10 relays per cell, wrap‑around

	Inter-site distance (ISD)
	500 m (Case 1), 1732 m (Case 3 Rural/Suburban)

	UE deployment
	1425 UEs over 57 cells

	Distance-dependent path loss
	Latest agreed model in RAN1, TR 36.814 v1.5.0
R1-095134 for Case 3 (suburban)

	Shadowing standard deviation
	Macro to Relay
	6 dB

	
	Relay to UE
	10 dB

	
	Macro to UE
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation Between  cells
	0.5

	Channel model
	ITU UMa for Case 1, ITU RMa for Case 3 (Rural/Suburban)

	Penetration loss
	Macro to Relay
	0 dB

	
	Relay to UE
	20 dB

	
	Macro to UE
	20 dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz (50RB)

	Subcarrier spacing
	15 kHz

	Resource block size
	180 kHz (12 subcarriers)

	Subframe duration
	1.0 ms

	Number of OFDM symbols per subframe
	14 (11 used for data, 10 used for data on the backhaul link)

	Minimum distance between UE and Macro
	35 m

	Minimum distance between UE and Relay
	10 m

	Minimum distance between Relays
	40 m for Case 1, 70m for Case 3

	Frequency reuse factor
	1

	Thermal noise density
	-174 dBm/Hz

	Antenna pattern (horizontal)

for macro cells
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	Antenna pattern (horizontal)
for Macro-Relay link
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 = 70 degrees, Am = 20 dB  (70 degree horizontal beamwidth)

	Antenna pattern (horizontal)
for Relay-UE link
	Omni, 0dB for all directions

	Antenna pattern (vertical)
for macro cells
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	Total macro TX power
	46 dBm 

	Total relay TX power
	30 dBm

	Macro antenna gain
	14 dBi 

	Relay antenna gain for Macro-Relay link
	7 dBi

	Relay antenna gain for Relay-UE link
	5 dBi

	UE antenna gain
	0 dBi

	Macro and Relay transmitter to UE
	2 antennas, 0.5 wavelengths separation

	Relay receiver
	2 antennas, 0.5 wavelengths separation

	UE receiver
	2 antennas, 0.5 wavelengths separation

	UE speed 
	3 km/h

	UE noise figure
	9 dB

	Relay noise figure
	5 dB

	Traffic type
	Full buffer for BS

	Scheduler
	Time and frequency selective Proportional Fair scheduler

	Downlink link adaptation
	Wideband PMI 

CQI sub-band size: 6 RB
CQI reports: 5 ms
CQI delay: 6 ms
CQI measurement error: N(0,1) per PRB

CQI quantization: 5 bit CQI, 1.2 dB granularity ( -7 ~ 29 dB)

MCSs based on LTE transport formats [36.213]

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,
Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Downlink receiver type
	MMSE

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal

	Simulation drops
	3

	Link to System Mapping
	MIESM
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