3GPP TSG RAN WG1 Meeting #60
   












    R1-100949
San Francisco, CA, 22nd – 26th Feb 2010


Agenda Item:
8.3
Source: 
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:



Performance Evaluation for Type 2 Relay 
Document for:
Discussion

1 Introduction

In [3, 4, 5], we have provided performance evaluations of Type 2 Relay based on Round Robin and Proportional Fair scheduling algorithms. In this contribution, we will present additional simulation results of a Proportional Fair scheduler in combination with rate matching scheme and fractional frequency reuse. 
2 System Level Simulation 
2.1 System Simulation Assumptions
As in the previous submission [5], the simulation settings in this contribution follow the latest TR 36.814 (v1.5.1) [1] including the updated pathloss model of access link and direct link. DL simulations are carried out for a 10 MHz system with 25 UEs per macro cell. Both scenarios of RN deployed in the center and cell-edge are studied. 
2.2 Relay – Centre Cell Location 
The whole system bandwidth is divided into four subbands, e.g. F1, F2, F3 and F4. As illustrated in Fig. 1, in a tri-sector network, subband F4 would be used by all the eNodeB to provide services for the interior UEs, and subbands F1, F2 and F3 are orthogonally assigned between the three sectors to provide services for their corresponding cell edge UEs. Meanwhile, for a specific sector, when eNodeB is using subband F(i) ( i =1, 2, or 3) to serve its cell edge UEs, the relay nodes can use the other two subbands to serve its associated relay UEs. It should be noted that if Pico and Macro cells heterogeneous deployment had been considered, different optimization of the subbands would be better suited. For example, the Pico node can choose one of the two assigned subbands with less neighboring interference to its serving UEs based on information received through the coordination messages. 
We have set the UE association bias such that 40% of the UEs are served by the two RNs, and with a suitable threshold set for the received signal, 5 UEs are regarded as the cell edge UEs, and the left 10 UEs as the interior UEs. Fig. 1 illustrates the resource management of the whole band. The location of the RNs in the centre of the cell is shown in Fig. 2. Clearly for UEs at the cell edge, the strong interference from neighboring cells can be decreased due to the orthogonally among subbands resulting in better experience can be achieved for these cell edge UEs. In addition, as more relay nodes can be deployed in the cell center, because of low transmitter power for relay nodes, thus little interference with each RN in different sectors. Then better cell average performance can also obtained through spectrum reuse among intra-sector RNs. 
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Fig. 1. Multi-cell hexagonal layout and spectrum division for SFR mode 
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Fig. 2 The detail RN position for central deployment
Fig. 3 shows the throughput results for this scenario under 3GPP Case 1 with four RN located in center of the cell. Subframe 2# and 3# are reserved for the backhaul transmission where these two subframes will be scheduled for the data transmission for relay backhaul link from eNodeB to RN with the highest priority. If the backhaul transmission does not consume all the resource in these two subframes, the remained resources can also be scheduled for the data transmission from eNodeB to interior UEs. From these results, we can find that Type II relay can provide service for the central users and improve the whole system performance significantly. 
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Fig. 3 CDF of per user throughput for SFR ICIC Mode
Table 1 System simulation results with SFR ICIC Mode
	 
	Without RN
	Type II Relay

	Cell average spectrum efficiency(bps/Hz/cell)
	1.741
	1.91 (9.7%)

	Cell edge spectrum efficiency(bps/Hz)
	0.0254
	0.0304 (21.6%)


2.3 Cell-Edge Deployment with Rate Matching Frequency Reuse
Another new FFR inter/intra-cell interference coordination method for cell-edge relay deployment is proposed in this part. Since of the different relay position, the separation of system bandwidth will be degraded into two parts, which are Fe and Fr. Fe is allocated to the cell-center UEs and relay backhaul links, and Fr is allocated to the cell-edge UEs respectively (shown in Fig. 4). This orthogonal division guarantees there is no interference between eNBs and RNs. 
To obtain the full potential improvement of this proposed resource allocation, besides the proposed enhanced PFS which taking the relay buffer status into consideration in [5], here we further improve the efficiency of resource allocation and scheduling via two-hop relaying rate matching. The rate matching is realized by directly adding an outer-layer multi-round adjusting of resource allocation and updating of resource scheduling. The outer-layer adjusting and updating works in a multi-round fashion to continually reduce the mismatch by increasing resources allocated to the bottleneck hop of the transmission or reducing resources allocated to the overloaded hops. The canceling and reallocating process is continued until there is almost no difference between the rates of the relay backhaul link and the relay access link.
Fig. 5 shows the throughput results for this scenario under 3GPP Case 1 with two RN located on the cell edge. “Orthogonal RN” means that the two RNs in each cell can not transmit at the same subframe. From the simulation results, we can find that by exploiting the proposed FFR method proposed in [5], “orthogonal RN” could largely improve the cell-edge performance and “reuse RN” could bring extra performance gain for cell-average performance. Besides, “reuse RN with rate matching” could significantly improve not only the cell-average performance but also the cell-edge performance.
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Fig. 4   Multi-cell hexagonal layout and spectrum division for FFR mode 1
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 Fig. 5 CDF of per user throughput for FFR ICIC Mode 1

Table 2 System simulation results with FFR ICIC Mode 1
	 
	without RN
	orthogonal RN 
	reuse RN 
	reuse RN with rate matching

	Cell average spectrum efficiency(bps/Hz/cell)
	1.741
	1.795 (3.1%)
	1.905 (9.4%)
	2.031 (16.7%)

	Cell edge spectrum efficiency(bps/Hz)
	0.0254
	0.0293 (15.6%)
	0.026 (4.0%)
	0.0293 (15.6%)


2.4 System Results for Relay Cell-Edge Deployment based on Partial Frequency Reuse
When relays are deployed at the cell edge, another partial frequency reuse scheme is proposed to coordinate the inter-cell interference for the cell-edge users through proper resource partition in the relay-enhanced cellular network.  Similar to the scheme at Sector 2.2, all the UEs in the cell can also be categorized into relay UEs, cell-centre UEs and cell-edge UEs based on UEs’ geometry, whilst the relay UE are mostly located on the cell edge.

Here the whole system frequency spectrum resource of each cell can be divided into three cell-edge bands and one cell-centre band. The cell-centre band in each cell reuses the same spectrum resource and is restricted to be used by cell-centre UEs. In order to avoid inter-cell interference at the cell edge, the three cell-edge bands are orthogonal to each other, and only one of which can be assigned to the cell-edge UEs in one sector of 3-sector cell sites. The frequency spectrum, which is used for the transmission of each RN as the relay band, should avoid the main interference from the cell-edge band of neighbouring cell and donor cell-edge band. Consequently, each RN uses one of unused cell-edge band to serve the relay UEs for the purpose of interference coordination. 
In the simulation, there are 24% of UEs are served for two RNs since of flexible UE association. Besides, 3 UEs with the minimal receiving power are supposed to be the cell-edge UEs, then the remaining UEs are supposed to be cell centre UEs. Fig. 6 illustrates the normalized user throughput of the proposed method and Table 3 record the corresponding cell-average and cell-edge (5%) user throughputs gains respectively. It is shown that there are 13.22% and 15.75% enhancement in the cell-average and cell-edge throughputs compared to the conventional cellular system, respectively.         
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Fig. 6 CDF of normalized user throughput for partial frequency reuse 
Table 3 System simulation results with frequency reuse

	 
	without RN
	Partial Frequency Reuse

	Cell average spectrum efficiency(bps/Hz/cell)
	1.741
	1.97 (13.22%)

	Cell edge spectrum efficiency(bps/Hz)
	0.0254
	0.0294 (15.75%)


3 Conclusion
In this contribution, we presented results of simulation studies of Type 2 relay under both center and edge RN deployments based on PF scheduling. Several resource assignment methods are evaluated in this contribution, such as SFR ICIC method for cell-center deployment, rate matching and fractional frequency reuse for cell-edge deployment. These results point to the potential performance gain of Type 2 Relay over homogeneous macro deployment both for deployments of Relay nodes at the cell edge and cell centre deployment. 
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