3GPP TSG RAN WG1 Meeting #58bis                                            R1-094246
Miyazaki, Japan, October 12 – 16, 2009
Source:
NTT DOCOMO
Title:
Inter-cell Radio Resource Management for Heterogeneous Networks
Agenda Item:
7.7
Document for:   Discussion and Decision

1. Introduction
LTE-Advanced will focus on local areas and small cells such as microcells, picocells, and femtocells will play more important roles. Consequently, the radio access network (RAN) will consist of various types of cells, which is called a heterogeneous network. In the heterogeneous network, the inter-cell interference problem will be more complicated and inter-cell radio resource management techniques will severely affect the system performance such as in terms of the capacity and cell-edge user throughput as some contributions presented [1]-[3]. In this contribution, we discuss radio link connection methods for the downlink (DL) and uplink (UL) in the heterogeneous deployment scenarios for LTE-Advanced.
2. Radio Link Connections for DL and UL in Heterogeneous Networks

Since most of the traffic is concentrated in local areas such as indoor and hotspot environments, LTE-Advanced should efficiently support local areas as well as conventional macrocell environments. In order to accommodate efficiently the estimated increasing amount of traffic in the future, it is effective to deploy small cells in high-traffic areas. As a result, various types of cells with different transmission power levels will coexist such as macrocells, microcells, and picocells as shown in Fig. 1, which is called a heterogeneous network.
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Figure 1 – Heterogeneous network
In a conventional homogeneous network, the cell that provides the highest average received signal power in the DL to a UE is identical to the cell that yields the lowest average path loss, i.e., the highest average received signal power in the UL. In a heterogeneous network however, this is generally not the case. Figure 2 illustrates the relation between the DL received signal power and the path loss for two adjacent cells where the difference in the DL transmission power is represented as . The solid lines represent the DL received signal power and the dotted lines represent the inverse of the path loss. In the green region between Cell sites #1 and #2, the DL received signal power for Cell site #1 is greater than that for Cell site #2. However, the inverse of the path loss, i.e., the received signal power in the UL, for Cell site #1 is lower than that for Cell site #2. Therefore, the cell that a UE should connect to for the DL is different that for the UL in general.
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Figure 2 – Radio link connection for DL and UL in heterogeneous network
In packet radio access, such techniques as fast packet scheduling, adaptive modulation and coding (AMC), and hybrid automatic repeat request (HARQ) are essential in order to achieve a high system capacity and cell-edge user throughput, and these techniques require fast feedback control signaling between the eNode B and UE. Therefore, it is natural for the UE to connect to the same cell site for both the DL and UL to achieve fast feedback control. However, as mentioned above, to connect to the same cell site in both the DL and UL causes a non-optimum radio link connection (from the viewpoint of maximizing the received signal power) for either the DL or UL in general, which will severely affect the cell-edge user throughput performance.
In existing 2G and 3G RANs, remote radio equipment (RRE) is commonly employed to conserve installation space, reduce cable loss, etc. In addition, the RANs using RRE can achieve joint signal processing for different cell sites by taking advantage of low latency between the RRE and corresponding baseband signal processing (BSP) unit. Hence, in the RANs using RRE, fast feedback signaling through cell sites different from that for the shared data channel is possible as shown in Fig. 3. Therefore, we do not have to insist on connecting the radio links for the DL and UL to the same cell site and we should consider other approaches as described in Section 3. It should be noted that the radio link connection should be determined considering not only the received signal power and path loss but also other factors such as the interference level (traffic load) for each cell in order to enhance the overall system performance, although we focus on the criteria of the received signal power in this contribution.
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Figure 3 – Fast feedback control signaling through a different cell site from that for shared data channel using RREs
3. Classification of Radio Link Connection Methods
Figure 4 classifies the radio link connection methods in the DL and UL. Figure 4(a) shows the conventional DL/UL common radio link connection method where the DL and UL channels are connected to the same cell site. Figure 4(b) shows the DL/UL independent radio link connection method where the DL and UL channels can be connected independently to different cell sites. In this method, there are two criteria to select the respective cell sites. The first criterion is to achieve the optimum radio link connection from the viewpoint of the received signal power and path loss. In this case, the cell site providing the maximum received signal power or minimum path loss is selected. The second criterion is to achieve the minimum control delay in channel-dependent scheduling, AMC, and HARQ. For this purpose, it is desirable to connect both the shared data channel and associated control channel to the same cell site, when we employ conventional eNode Bs with the X2 interface [4]. However, when we employ RREs, we do not have to take the second criterion into account, since we can achieve fast feedback control signaling even through a different cell site compared to that for the shared data channel as discussed in Section 2. Figure 4(c) shows the multipoint transmission/reception method. In this method, coordinated multipoint (CoMP) transmission is applied to the DL and CoMP simultaneous reception is applied to the UL. CoMP transmission achieves the optimum radio link connection in the DL by joint transmission (JT) or dynamic cell selection (DCS). Similarly, CoMP reception employing adaptive transmission power control (TPC) and AMC achieves the optimum radio link connection in the UL.


We should consider the radio link connection method for the DL and UL for the shared data channel and associated control channel, respectively, considering the RAN structure.
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Figure 4 – Radio link connection methods for DL and UL
4. Simulation Evaluations
4.1. Simulation Parameters
In order to clarify the effect of the independent and multipoint radio link connection methods between the DL and UL for the shared data channel, we evaluate the cumulative distribution function (CDF) of the instantaneous received SINR and user throughput based on a system-level simulation associated with a link-level simulation. We assume a cell deployment using RREs, i.e., an optical fiber based connection is used among cells. In the evaluation, we assume that the control channel is received without decoding errors for all the radio link connection methods. Figure 5 and Table 1 give the cell layout and the simulation parameters for the cell model assumed in this contribution, respectively. In the evaluation, we employed a seven-hexagonal macrocell model without sectorization. We assume that four picocells are randomly located only within the central macrocell following uniform distribution in each trial. We measured the received SINR and throughput performance of a UE located in the central macrocell and in four picocells belonging to the central macrocell. Here, the minimum distance between the macrocell and picocells is set to 35 m. The cell radii of the macrocells and picocells are set to 289 m and 30 m, respectively. We assume 10 UEs per macro and picocell, since the picocell simulates a local area with a high traffic density. The locations of the 10 UEs in the macro and picocells are assigned randomly following a uniform distribution. We set the minimum distance between the macrocell (picocell) and a UE to 35 (3) m. In the propagation model, we take into account distance-dependent path loss with the decay factor of 3.76, lognormal shadowing with the standard deviation of 8 (10) dB for the macrocells (picocells), and instantaneous multipath fading. The shadowing correlation between the cells is set to 0.5. The six-ray Typical Urban (TU) and ITU-R Urban Micro (UMi) LOS channel models are assumed in the macro and picocells, respectively. The maximum Doppler frequency, fD, is set to 5.55 Hz, which corresponds to 3 km/h at the carrier frequency of 2 GHz. The transmission power of the eNode Bs for the macrocells and picocells is 46 dBm and 30 dBm, respectively. The maximum transmission power of the UE is 23 dBm. 
Table 2 gives the simulation parameters in the link-level and system-level simulations. In the UL, the maximum transmission bandwidth of a UE is set to 2.16 MHz (12 RBs) due to the restriction of the maximum transmission power. Single-antenna transmission and two-antenna diversity reception are assumed in both links. We employ Proportional fairness-based time and frequency domain channel-dependent scheduling. The control delay for AMC and scheduling is 4 msec. We employ the full-buffer traffic model. In the UL, we apply fractional TPC with the maximum target received signal power of P0 = -60 dBm and the attenuation factor of  = 0.6. 
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Figure 5 – Cell layout
Table 1 – Simulation parameters for cell model
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Table 2 – Link and system level simulation parameters
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4.2. Simulation Results
Figure 6 shows the CDF of the instantaneous received SINR per resource block (RB) at each subframe using the independent radio link connection method and the multipoint radio link connection method based on the CoMP transmission/reception in the DL and UL. Figures 6(a) and 6(b) show the CDF of the instantaneous received SINR in the DL and UL, respectively. The curves with the conventional common radio link connection between the DL and UL are given as references. In this case, two curves are plotted when the UE connects the link to the cell providing the highest DL average received signal power, i.e., optimized for the DL, and that having the minimum path loss, i.e., optimized for the UL. Furthermore, in the DL multipoint radio link connection method, JT is assumed. In the UL multipoint radio link connection method, simultaneous reception at multiple cell sites with maximal ratio combining (MRC) is assumed. 
Figure 6(a) shows that when the common radio link connection method optimized for the UL is applied, the instantaneous DL received SINR is significantly degraded compared to those with the common radio link connection method optimized for the DL and the independent radio link connection method. This is explained as follows. When a link is optimized for the UL, a UE connects the radio link to a cell providing the minimum path loss. Hence, the probability is high that the UE connects to a picocell rather than a macrocell. The received SINR of a UE connecting to a picocell becomes lower than that for UE connecting to a macrocell in the DL. Figure 6(a) also shows that by applying the CoMP transmission using JT, the received SINR in the DL is improved by approximately 2.5 dB compared to that for independent radio link connection. This is because the best precoding vector is accurately selected according to the instantaneous fading for JT. 
Figure 6(b) shows that when the common radio link connection method optimized for the DL is applied, the UL received SINR is degraded by 2-3 dB compared to that for the common radio link connection method optimized for the UL and the independent radio link connection method. This is explained as follows. When the common radio link connection is optimized in the DL, most UEs connect to a macrocell due to the higher transmission power. In this case, the UL transmission power of a UE connecting to a macrocell becomes higher than that for a UE connecting to a picocell due to the larger path loss. The interference to other UEs from the UE connecting to a macrocell, especially for the UEs connected to picocells, reaches a significant level. Moreover, we see that by using CoMP reception, the UL received SINR is improved by approximately 2 dB compared to that with the independent radio link connection due to the MRC gain. 
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Figure 6 – CDF of instantaneous received SINR
Next, Fig. 7 shows the CDF of the user throughput using the independent and multipoint radio link connection methods with the conventional common radio link connection methods as references. Figures 7(a) and 7(b) show the CDF of the user throughput for the DL and UL, respectively. Figure 7(a) shows that when the common radio link connection optimized for the UL is applied, the DL user throughput is clearly degraded compared to those with the common radio link connection optimized for the DL and with the independent radio link connection. The reason for this is explained as follows. In this case, most UEs connect to picocells even though the received signal power in the DL from the picocell is lower than that from the macrocell. Hence, the user throughput of the UEs connected to the picocells is degraded due to the high-level of interference from the macrocell. Note that interference from the macrocell can be reduced by coordinated scheduling between the macrocell and picocell by taking advantage of the RRE. Moreover, since most UEs are connected to picocells, the probability of RB assignment to the UEs connected to picocells decreases. For these two major reasons, the DL user throughput with the common radio link connection optimized for the UL is degraded in the entire CDF region. Figure 7(a) also shows that the improvement in the DL user throughput by applying JT compared to the independent radio link connection is slight. This is because the RB assignment probability is low for a cell-edge UE that uses the radio resources of multiple cells. 
Figure 7(b) shows that when the common radio link connection optimized for the DL is applied, the UL user throughput is degraded compared to those with the common radio link connection optimized for the UL and the independent radio link connection. The reason for this is explained as follows. The UL user throughput of the UEs connected to the picocells is degraded due to the increasing interference from the UEs connected to the macrocell with the higher path loss. Furthermore, the UL user throughput of the UEs connected to the macrocell is degraded since the RB assignment probability decreases due to the large number of UEs connected to the macrocell. As a result, the UL user throughput is degraded in the entire CDF region, when the common radio link connection optimized for the DL is employed. Figure 7(b) also shows that the cell-edge user throughput using CoMP reception is improved by approximately 35% compared to that with independent radio link connection due to the MRC gain. Therefore, we conclude that the independent and multipoint radio link connection methods are very promising candidates to achieve higher user throughput in both links simultaneously. 
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Figure 7 – CDF of user throughput

5. Conclusion

This contribution investigated radio link connection methods in heterogeneous deployment scenarios for LTE-Advanced. As the simulation results indicated, the radio link connection methods for the DL and UL severely affect the system capacity and cell-edge user throughput in the heterogeneous network, although other factors such as interference level (traffic load) for each cell should also be considered in order to enhance the overall system performance. Therefore, for the heterogeneous deployment scenarios, the radio link connection methods including DL/UL independent radio link connection or multipoint (CoMP) transmission/reception should be investigated in addition to the conventional DL/UL common link connection.
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