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1
Introduction

Coordinated multi-point (CoMP) has been considered as a key technique to meet the spectral efficiency requirements of LTE-Advanced. CoMP transmission techniques can be broadly categorized as Joint Processing (JP), Cooperative Beamforming (CB) and Cooperative Silencing (CS) [1]. In [1], a general framework is provided for choosing the right cooperation technique based on the anticipated accuracy of channel state information corresponding to various cooperating cells, UE mobility, backhaul quality etc. In this contribution, we discuss the cooperative silencing scheme in the hotzone deployments, where low power hotzone cells are dropped into macro cell coverage area to enhance the system performance [2].

First a LTE Rel 8 based hotzone deployment is described where macro and hotzone cells are LTE Rel 8 base stations using the same 10 MHz carrier. Then a dual-carrier deployment is discussed where all cells have two 5 MHz carriers with potentially different anchor carriers. Finally a co-channel deployment with a cooperative silencing scheme is discussed where distributed cooperative schemes are used to enhance macro and hotzone cell performance. Significant gain is observed based on the CoMP cooperative silencing scheme in various scenarios.
2
LTE Release 8 Performance
We first establish the baseline performance of LTE Rel 8 with and without hotzones. The LTE Rel 8 performance has been well established for a macro only network with 10 UEs per cell and proportional fair (PF) scheduling. In the context of edge user performance enhancement, this contribution focuses on equal grade of service (EGoS) instead of PF scheduling. Another difference in the baseline performance is the UE dropping, where a fixed number of UEs are dropped into each macro cell area instead of having a fixed number of UEs served by each cell [3]. 
2.1 
Macro Only Deployment

The DL UE throughput statistics for D1 scenario is summarized in Table 1, where 50 drops are simulated for each case. It is observed that the mean and tail throughputs of proportional fair 10 UE served per cell case are slightly worse than the LTE Rel 8 baseline performance in [4]. The reason for the difference is that fast fading is disabled in heterogeneous network simulations for relative performance comparison [2]. A reduction in the absolute UE throughput is expected since multi-user diversity gain could not be captured in the link level simulations. See Appendix 6.1 for more details.
Table 1 shows that geographic dropping of UEs leads to reduced tail throughput but similar median throughput compared to fixed number of UEs served by each cell. The larger throughput variation is due to uneven loading in difference cells. It is also observed that EGoS scheduling significantly increases the tail throughput (up to 75%) at the cost of cell capacity compared to PF scheduling.
The EGoS performance with 25 UEs dropped in each macro cell will be used as the baseline macro-only performance in the rest of the contribution. The uniform UE dropping throughputs are 251, 343 and 352 Kbps for 5%, median and mean UE throughput, respectively (Table 1). If UEs are dropped in clusters within a macro cell, the relative performance change compared to the uniform dropping is negligible.
Table 1. UE throughput in macro only deployment 

	
	5% (kbps)
	50% (kbps)
	Mean (kbps)

	10 UEs served by each cell
	Proportional Fair
	385
	1063
	1356

	
	EGoS
	627
	892
	924

	10 UEs dropped in each macro cell area
	Proportional Fair
	340
	1019
	1348

	
	EGoS
	527
	835
	909

	25 UEs dropped in each macro cell area 
	Proportional Fair
	146
	413
	536

	
	EGoS
	251
	343
	352


2.2 
Co-Channel Hotzone Deployments
Four hotzone deployment configurations are defined in the draft evaluation methodology [2]. In this contribution, we evaluated configurations 1 and 4 as defined in Table A.2.1.1.2-3 in [2] for a 10 MHz co-channel macro/hotzone deployment. In configuration 1, twenty-five UEs and a fixed number of hotzone cells are uniformly dropped within each macro cell. In configuration 4, a fixed number of UEs are dropped within each hotzone’s coverage and the rest of UEs are randomly dropped within each macro cell area. In this particular setup, we choose to have 2 UEs dropped within a 30 meter radius of each hotzone cell, e.g., 20 UEs in hotzone coverage and 5 UEs in macro cell coverage when there are 10 hotzone cells per macro cell. 

2.2.1 
Co-Channel Hotzone Deployments Configuration 1

The performance LTE Rel 8 co-channel deployments of macro cell and hotzone cells in configuration 1 are shown in Figure 1 and Table 2. Under the cell-selection algorithm of selecting to the cell with the highest DL received power, the number of UEs associated with hotzone cells is small. It was shown in Figure 1(a) that only 6% of UEs are associated with hotzone cells in the case of 10 hotzone cells / macro cell. The limited coverage of hotzones is a result of lower transmit power (30 dBm) and antenna height (5 m) compared to macro cells. It was further shown in Figure 1(b) and Table 2 that while there is notable improvement in mean UE throughput, the hotzone deployments lead to only marginally improvement in tail and median UE throughputs.  The mean user throughput gain is due to a few hotzone UEs achieving very large throughput.
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Figure 1. Configuration #1 LTE Rel 8 co-channel deployment UE association and throughput statistics

Table 2. Configuration #1 LTE Rel 8 co-channel deployment UE throughput gain 
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2.2.2 
Co-Channel Hotzone Deployments Configuration 4

The performance of LTE Rel 8 co-channel deployments of macro cell and hotzone cells in configuration 4 are shown in Figure 2 and Table 3. In this configuration, UEs are dropped substantially close to the hotzone cells than the macro cells (1/10 of the macro cell radius). As a result, close to 30% of UEs are associated with hotzone cells in the case of 10 hotzone cells / macro cell (Figure 2(a)). The UEs that are connected to a hotzone cell are shown to enjoy an order of magnitude higher throughput while the macro cell UEs have moderate gain in performance due to the offloading of traffic from the macro cells (Figure 2(b)). 
In summary, the LTE Rel 8 co-channel hotzone deployments could improve tail and median user throughput with high hotzone density and ideally hotzone location. In the case where UE are randomly dropped, less than 10% of UEs are associated with hotzone cells even with 10 hotzone cells / macro cell. In the case where 80% of UEs are dropped within 1/10 of macro cell radius of a hotzone cell, 44% and 61% gain in tail and median throughput is observed. While there is 10 fold improvements in mean throughput, we do not consider this as a very meaningful statistic give the “unfairness” observed in UE throughput. 
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Figure 2. Configuration #4 LTE Rel 8 co-channel deployment UE association and throughput statistics

Table 3. Configuration #4 LTE Rel 8 co-channel deployment UE throughput gain 
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3
LTE-A Cooperative Silencing Hotzone Performance
The LTE Rel 8 co-channel hotzone performance is limited mainly by a suboptimal cell-selection scheme and the dominant interference from macro cells to hotzone cells. Enhanced cell-selection schemes have been discussed in support of heterogeneous networks, where the cell-selection strategy takes interference efficiency into account, in addition to traditional metrics such as DL received power. Such a cell-selection scheme was referred to as range-expansion in [5]. In the same contribution, it was also shown that the advanced cell-selection strategy may require deep penetration synchronization signal and control channel support. In order to resolve the dominant interference from macro cells, CoMP schemes such as cooperative silencing have been proposed to coordinate the transmission and reception of data/control channels [1]. In this contribution, numerical results are provided to demonstrate the potential performance benefits of enhanced cell-selection and cooperative silencing schemes.  
A cell selection algorithm with fixed RSRP biasing is investigated in conjunction with two types of cooperative silencing schemes. While an optimal cell-selection algorithm clearly requires join optimization with the cooperative silencing scheme [1], we limited the simulations to independent cell-selection and cooperative silencing schemes in this contribution. This could be considered as a lower bound of potential performance gain. 

A hotzone cell could potentially off load a significant fraction of macro cell traffic if the dominant DL interference could be silenced. With the knowledge of cell configurations such as Tx power and antenna height, a bias in RSRP could be used for cell-reselection. In this particular setup, the serving cell of a UE is selected according to the following criteria: CellID = argmax_{i} RSRP_i + bias_i, where bias_i = 0 and 25 dB for macro and hotzone cells respectively. The bias of 25 dB is rather ad hoc and has not been optimized since in this contribution it is only intended to obtain a lower bound on the performance gain. An additional RSRP threshold of P_thermal + 3 dB is also used to limit UEs connecting to low power hotzone cells.
Association statistics of Configuration 1 and 4 are shown in Figure 3.  Compared to LTE Rel 8 co-channel deployment, it is noted that a much larger fraction of UEs are now associated with hotzone cells. For example, 40% UEs are associated with hotzone cells when there are 2 hotzone cells/macro cell with the range expansion scheme in Configuration 1 compared to <3% with the LTE Rel 8 best geometry cell-selection scheme.
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(a) Config #1 Uniform UE Layout

(b) Config #4 Clustered UE Layout
Figure 3. UE association statistics with range expansion for Config #1 and Config #4

An effective cooperative silencing scheme is required to take advantage of the new cell selection algorithms in hotzone deployments. The rest of the section discusses a simple frequency interference silencing scheme in dual-carrier deployments and a co-channel cooperative silencing scheme.
3.1 
Dual-Carrier Deployment with Carrier Silencing
Multiple carriers enable interference management between different power class cells, where long-term cooperative silencing can be carried out by silencing particular carriers for a certain power class cell (Macro/hotzone) [6]. In the following example, only the macro cells are silenced over one of two 5 MHz carriers, while both carriers are accessible to hotzone cells. This carrier silencing scheme allows hotzone cells to serve UEs efficiently with much lower transmit power. 
In the case of Configuration 1, the dual-carrier deployment provides significant throughput gain at large hotzone density while degrading system performance at low hotzone density (Table 4). The performance loss at low density is due to the loss of usable macro cell bandwidth, which is not efficiently utilized by the hotzone cells. Additional throughput CDFs are included in the Appendix.
Table 4. Config #1 Dual-carrier deployment UE throughput gain 
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In the case of Configuration 4, the dual-carrier deployment is shown to provide more substantial gain starting at medium hotzone density (Table 5). More specifically, greater than 30% and 170% gain has been observed with 4 hotzone cells per macro cell for tail and median UE throughput, respectively. However, a non-negligible performance loss is still observed for tail UE throughput with 2 hotzone cells per macro cell. Additional throughput CDFs are included in the Appendix.
In summary, dual-carrier deployment is shown to provide much higher throughput gain in conjunction with range expansion cell-selection schemes compared to LTE Rel 8 co-channel deployment. However, a notable performance loss at tail UE throughput is observed when the hotzone density is low. Note that if a large number of component carriers are available, a smaller fraction of carriers could be allocated to the hotzone cells when the hotzone density is low. One limitation of carrier switching is that system parameters are usually allowed to change only on the time scale of hours due to the impact on call drops and idle mode UEs.
Table 5. Config #4 Dual-carrier deployment UE throughput gain 
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3.2 
Co-Channel Distributed Cooperative Silencing 

Co-channel cooperative silencing scheme could provide better granularity and faster adaptation compared to carrier partitioning schemes. As shown in the previous section, while a particular resource partitioning could be efficient at one particular hotzone density, it could also degrade the system performance in a different scenario. Instead of using genie-aided algorithm that optimizes the system parameters for different hotzone densities, we developed a simple peer-to-peer cooperative silence scheme to validate the concept. 
The particular scheme discussed in this contribution enables cooperative silencing among each cell and its dominant interferers via backhaul negotiations. UE RSRP reporting and long term loading information is shared among the neighbours for the cooperative silencing handshakes. A simple inter-cell fairness criterion is then used to ensure that the dominant interferer is silenced for each cell over a reasonable number of data channels.  In the follow example, the granularity for cooperative silencing is 1 out of 8 HARQ processes. Although a synchronous network is simulated in this study, similar performance is expected for asynchronous networks with subband based scheme (distributed FFR).
In the case of Configuration 1, tail and median throughput gains increases with increased hotzone density (Table 6). Even for low hotzone density, there is close to 10% and 25% gain at the tail and median throughput, respectively. At medium hotzone density, close to 30% and 75% gain is observed at the tail and median throughput, respectively.  Additional throughput CDFs are included in the Appendix.
Table 6. Config #1 Co-channel cooperative silencing UE throughput gain 
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In the case of Configuration 4, substantial gains have been observed starting from very low hotzone density (Table 7). The tail throughput improvements are 21% and 72% with 2 and 4 hotzones per macro cell, compared to -18% and 31% with the dual-carrier deployment. Additional throughput CDFs are included in the Appendix.
Table 7. Config #4 Co-channel cooperative silencing UE throughput gain 
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In summary, co-channel cooperative silencing schemes are shown to be robust under different hotzone densities. The performance at lower hotzone densities are notably better compared to the dual-carrier deployment. The performance at high hotzone density is seen to be slightly worse than the dual carrier performance (within 10 to 20%). This is a feature of the particular cooperative silencing scheme used and could be mitigated, for example, by using a non-greedy silencing scheme based on network utility [1]. Clearly, results identical to the dual-carrier case can be obtained by using a 50-50 split in the number of time-slots between macro and hotzone cells.
Note that the simulation results for configuration 4 are sensitive to the UE cluster layout model. In this document, the number of UEs within the hotzone coverage increases with the number of hotzone cells. More specifically, 16 to 80% UEs are dropped into the coverage of 2 to 10 hotzone cells. If a larger fraction of UEs are dropped within the coverage of each hotzone cell, we would expect significant improvement in UE throughput at low hotzone density. In one experiment where 80% of UEs are dropped close to 2 hotzone cells, we observed 96% and 294% gain in tail and median UE throughput.
4
Conclusions
Cooperative silencing has been proposed as a promising technique for CoMP operation without stringent backhaul latency and bandwidth operation [1]. In this contribution, we applied cooperative silencing techniques to overlay hotzone deployments. Numerical results based on the LTE-A evaluation methodology [2] were shown for three candidate schemes

A. LTE Rel 8 co-channel deployment without cooperative silencing.
B. Dual-carrier deployment with range expansion cell-selection and carrier silencing
C. Co-channel deployment with range expansion cell-selection and distributed cooperative silencing 
It was shown that option A could improve tail and median user throughput with high hotzone density and ideal hotzone location. Up to 44% and 60% gain is observed at tail and median for 10 hotzone cells per macro cell with clustered UE layout. 
Compared to option A, option B could provide much higher performance improvement but is sensitive to hotzone density. Up to 290% and 840% gain is observed at tail and median for 10 hotzone cells per macro cell with clustered UE layout, but a performance loss is observed at low hotzone density. 

Option C is shown to be robust under all hotzone densities. This scheme provides similar performance gain as option B at high density, but also provides reasonable gain at low hotzone density. For example, 21% and 42% gain is observed at tail and median for 2 hotzone cells per macro cell with clustered UE layout. 
In summary, the potential benefits of range expansion cell selection, carrier silencing and distributed cooperative silencing techniques have been demonstrated through network simulations in the hotzone deployment. This contribution also provides one concrete example of heterogeneous network performance evaluation according to the LTE-A evaluation methodology [2].

5
Appendix
5.1 
Physical Layer Abstraction

Fast fading is disabled in network simulations for relative performance comparison according to the draft evaluation methodology [2]. The effect of fast fading and HARQ is captured in single UE link level simulations, where an average SNR to capacity look up table is generated for each DL/UL configuration. Figure 11 shows the DL 2x2 MIMO and UL 1x2 SIMO SNR to capacity mapping curves for IID fading with TU multipath profile.  
The DL 2x2 MIMO efficiency curve is obtained based on link level simulations with wideband RI and frequency selective CQI and PMI report with 5ms periodicity of report. The operating bandwidth is assumed 10MHz in the link simulations. The curve incorporates subband scheduling based on the reported CQI. The UL SIMO 1x2 curves on the other hand are based on link simulations with no frequency selective scheduling. Both curves account for channel estimation errors.
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Figure 4. SNR to capacity mapping with TU multipath profile

5.2 
UE Throughput CDFs

Additional UE throughput CDFs are shown in the following figures. Figure 5 compares different UE droppings schemes associated with EGoS and PF scheduling for LTE Rel-8 macro only deployments. Figure 6 shows the dual-carrier performance with uniform and clustered UE layout. Figure 7 shows the co-channel cooperative silencing performance with uniform and clustered UE layout.
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Figure 5. UE throughput CDF for LTE Rel-8, Macro only deployments
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Figure 6. UE throughput CDF for LTE-A dual-carrier hotzone deployments
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Figure 7. UE throughput CDF for LTE-A co-channel cooperative silencing hotzone deployments
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