
3GPP TSG RAN WG1 Meeting #69

R1-122879
Prague, Czech Republic, 21st – 25th May 2012
Source:
CATT 

Title:
Evaluation on TDD UL/DL reconfiguration with interference mitigation in multi-cell Pico scenario imulation























































































































Agenda Item:
7.10.1
Document for:
Discussion and Decision
1 Introduction
In RAN1#68bis, evaluation results on TDD UL-DL reconfiguration for multiple Pico cells were discussed and next steps for evaluations targeting RAN1#69 were agreed. One of which is the evaluations on the performance with interference mitigation schemes [1]. In this contribution, our evaluation results for multiple outdoor pico cells with interference mitigation are provided.
2 Interference mitigation scheme
In the study of LTE TDD eIMTA, due to the application of different TDD configurations in different cells, BS-BS and UE-UE interferences are two major types of interference that should be studied. Previous studies in both RAN4 and RAN1 show that BS-BS interference is more critical to the system performance. 
To avoid the strong BS-BS interference, a cell clustering method for interference mitigation is proposed [2][3] and can be summarized as the following. Firstly, Pico cells in the network are divided into isolated clusters based on the coupling loss among cells. If the coupling loss between Pico cells is less than a threshold, these Pico cells are attached to the same cell cluster. Otherwise, the Picos will belong to different clusters. One cluster may contain one Pico cell or a group of Pico cells. Consequently, the coupling loss between any Pico cell in one cell cluster and Pico cell in any other cell cluster is larger than the threshold. The coupling loss includes the large scale properties that determine the BS-BS interference, e.g. pathloss, penetration loss, antenna gain, etc.
The scheme aims to guarantee the isolation between cell clusters so that BS-BS interference between cell clusters is controlled. By properly setting the threshold, good isolation is obtained among cell clusters, and traffic adaptation can be done individually for each cell cluster. In this evaluation 80dB is used as the coupling loss threshold, referring to the studies in RAN4 [4]. With this threshold, the cell clustering status is shown as the following.
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In the cell clusters which contain more than one Pico cells, strong BS-BS interference should be avoided when applying traffic adaptation. A joint UL-DL reconfiguration scheme is used for the Pico cells within a cell cluster, as the following. Firstly, Each Pico cell individually determines its optimal UL-DL configuration based on its instantaneous traffic conditions. Based on this determination, if the transmission directions would collide in Pico cells in a subframe, UL subframe is configured for all the Pico cells within the cluster. 
3 Evaluations and discussions
3.1 Evaluation methodologies and assumptions
The evaluations are performed based on the agreed set of simulation assumptions for multiple Pico cells in [5], for other methodologies and assumptions left by companies’ choice we used the same as we did for the evaluation of multiple pico cells without interference mitigations [6]. The simulation parameters are listed in Table A-1 and Table A-2.
We evaluated the following two DL/UL traffic ratios and arriving rates.
· CASE 1: Ratio of DL/UL arriving rate 1/1, reference TDD configuration #1, DL arriving rate = {0.5, 1.5, 2.5}

· CASE 2: Ratio of DL/UL arriving rate 2/1, reference TDD configuration #1, DL arriving rate = {0.5, 1.5, 2.5 }
Following three UL-DL configuration methods are evaluated
· Static UL-DL configuration in all cells (fixed);

· Dynamic traffic adaptation without interference mitigation (noIM);

· Dynamic traffic adaptation with interference mitigation as described in section 2 (IM). 
3.2 Evaluation results
In this section we provide evaluation results with the following performance metrics

· UL/DL Cell average packet throughput
· Distribution of UL/DL UE average packet throughput
We provide evaluation results collected from all Pico cells and clustered Pico cells separately. Here clustered Pico cells include the Pico cells belonging to the cell clusters which contain more than one Pico cell. In this section results for fixed TDD configuration 1 and 10ms UL-DL reconfiguration time scale is provided. Additional evaluation results corresponding to 640ms UL-DL reconfiguration time scale is provided in the appendix 6.2.
Cell average packet throughput
Figure 1 to 4 show the DL and UL cell average packet throughput for clustered Pico cells and all Pico cells.
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Figure 1: UL/DL Cell average packet throughput of clustered Pico cells in Case1
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Figure 2: UL/DL Cell average packet throughput of all Pico cells in Case1
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Figure 3: UL/DL Cell average packet throughput of clustered Pico cells in Case2
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Figure 4: UL/DL Cell average packet throughput of all Pico in Case2
We observed that traffic adaptation with interference mitigation provides additional gain on UL packet throughput and loss on DL packet throughput compared to that without interference mitigation. With the increase of traffic arriving rate or DL/UL traffic ratio, the additional gain on UL packet throughput increase and the loss on DL packet throughput reduce. In a medium traffic load, the gain on UL can be significant while the loss on DL can be insignificant. The gain is mainly provided by the avoidance of BS-BS interference within the cell cluster.
UE average packet throughput

Figure 5 to 16 show the distributions of DL and UL UE average packet throughput for clustered Pico cells and all Pico cells for different traffic loads and DL/UL traffic ratios.
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Figure 5: UL/DL UE average packet throughput of clustered Pico cells of Case1 (DL lamda=0.5)
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Figure 6: UL/DL UE average packet throughput of all Pico of Case1 (DL lamda=0.5)
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Figure 7: UL/DL UE average packet throughput of clustered Pico cells of Case1 (DL lamda=1.5)
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Figure 8: UL/DL UE average packet throughput within total Pico of case1 (DL lamda=1.5)
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Figure 9: UL/DL UE average packet throughput of clustered Pico cells of Case1 (DL lamda=2.5)
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Figure 10: UL/DL UE average packet throughput of all Pico cells of Case1 (DL lamda=2.5)
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Figure 11: UL/DL UE average packet throughput of clustered Pico cells of Case2 (DL lamda=0.5)
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Figure 12: UL/DL UE average packet throughput of all Pico of Case2 (DL lamda=0.5)
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Figure 13: UL/DL UE average packet throughput of clustered Pico cells of Case2 (DL lamda=1.5)
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Figure 14: UL/DL UE average packet throughput of total Pico cells of Case2 (DL lamda=1.5)
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Figure 15: UL/DL UE average packet throughput of clustered Pico cells of Case2 (DL lamda=2.5)
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Figure 16: UL/DL UE average packet throughput of total Pico cells of Case2 (DL lamda=2.5)

The above results are consistent with the observations we made with DL/UL cell average packet throughput. And the benefit of UL packet throughput can be also observed for 5% UEs. The proposed interference mitigation scheme provides clear benefit to the system with traffic adaptation. 
4 Conclusions
In this contribution, we provide the evaluation results for UL-DL reconfiguration in multiple outdoor Pico cells with interference mitigation schemes. Interference mitigation with fast and slow UL-DL reconfigurations re evaluated. With the evaluation results we can conclude that the proposed interference mitigation scheme provides clear benefit for UL packet throughput over UL-DL reconfiguration without interference mitigation, with both fast and slow reconfiguration time scales. The benefit is especially valuable in medium cell traffic load region where the improvement to UL is large while the impact to DL is very insignificant.
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6 Appendix

6.1 Simulation assumption
Table A-1: Pico-cell system assumptions for multiple pico cell scenario

	Parameter
	Assumption

	Pico deployment
	single cell with a radius of 40 m

	Pico antenna gain
	5dBi

	Pico antenna pattern
	2D,Omni-directional

	Pico noise figure
	13dB

	UE antenna gain
	0dBi

	UE noise figure
	9dB

	UE power class
	23dBm(200mW)

	Minimum distance between UE and pico
	10m

	Number of UE per pico cell
	10

	Shadowing standard deviation
	3dB for LOS and 4dB for NLOS

	Penetration loss between pico and UE
	w/o

	Pathloss
	PLLOS(R)=103.8+20.9log10(R)

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

Case 1: 
Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5,5exp(-R/0.03))


Table A-2 Simulation assumptions for multiple pico cell scenario
	Parameters
	Assumptions

	Deployment scenario
	19*3 Macro, 4 picos per Macro

	Maximum BS Tx power
	30dBm

	Carrier frequency
	2 GHz

	System bandwidth
	10MHz

	eNB antenna configuration
	1Tx 2Rx

	UE antenna configuration
	1Tx 2Rx

	Reconfiguration time scale 
	Every 640ms, 200ms, 10ms

	Metric
	Packet throughput

· defined as the packet size over the packet transmission time, including the packet waiting time in the buffer
UE average packet throughput

· defined as the average of packet throughput for the UE

{5%, 50%, 95%} UE average packet throughput

· from the CDF of average packet throughput from all UEs

Cell average packet throughput

· defined as the mean of average packet throughput from all UEs

	Traffic model
	· FTP model 1 in 36.814
· Fixed packet size of 0.5M
· Poisson distributed with arrival rate λ

· 10 UEs per pico cell
· A packet is randomly assigned to a UE with equal probability

· Independent traffic modeling for DL and UL per UE
· Both low and high load cases shall be covered, value of lamda is selected within the value range

	Reference UL-DL configurations


	Case1: TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {1/1}
Case2: TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {2/1}

	Special subframe configuration
	Special subframe configuration #8 shall be assumed in the evaluations

	Packet Drop Time 
	8s for 0.5MB 

	Evaluation methodology
	· Joint DL and UL simulation in one simulator

· Independent packet generation for DL and UL

· One of the 7 Rel-8 TDD UL-DL configurations is selected when reconfiguration is performed based on the DL and UL buffer sizes

	Scheduler
	· First-in-first-out packet scheduler

· Full bandwidth assignment, i.e. without frequency selective scheduling

· MCS selection by the large scale channel quality.

	HARQ and ARQ
	· Ideal HARQ timing, i.e. a retransmission can happen in the first available subframe after 8ms
· Chase Combining with maximum 4 transmissions
· Retransmission by high layer till TB is received correctly


6.2 Evaluation results for slower UL-DL reconfigurations
In this section, the evaluation results for 640ms UL-DL reconfiguration is provided, including with and without interference mitigation schemes as introduced in section 2. The evaluation metrics and results collection are the same as in section 3.2. The DL/UL traffic ratio is 1:1. With these results we can conclude the proposed interference mitigation schemes provide benefit for UL packet throughput over UL-DL reconfiguration without interference mitigation, with both fast and slow reconfiguration time scales. The benefit is valuable in reasonable medium cell traffic load region where the improvement to UL is large while the impact to DL is very insignificant.
Cell average packet throughput

Figure 6.2-1 and 6.2-2 show the DL and UL cell average packet throughput for clustered Pico cells and all Pico cells with different reconfiguration time scales.
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Figure 6.2-1: UL/DL Cell average packet throughput of clustered Pico cells for DL/UL ratio 1/1
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Figure 6.2-2: UL/DL Cell average packet throughput of all Pico cells for DL/UL ratio 1/1

UE average packet throughput

Figure 6.2-3 to 6.2-8 show the distributions of DL and UL UE average packet throughput for clustered Pico cells and all Pico cells for different traffic loads.
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Figure 6.2-3: UL/DL UE average packet throughput of clustered Pico cells for DL/UL ratio 1/1 (DL lamda=0.5)
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Figure 6.2-4: UL/DL UE average packet throughput of all Pico cells for DL/UL ratio 1/1 (DL lamda=0.5)
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Figure 6.2-5: UL/DL UE average packet throughput of clustered Pico cells for DL/UL ratio 1/1 (DL lamda=1.5)
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Figure 6.2-6: UL/DL UE average packet throughput of all Pico cells for DL/UL ratio 1/1 (DL lamda=1.5)
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Figure 6.2-7: UL/DL UE average packet throughput of clustered Pico cells for DL/UL ratio 1/1 (DL lamda=2.5)
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Figure 6.2-8: UL/DL UE average packet throughput of all Pico cells for DL/UL ratio 1/1 (DL lamda=2.5)[image: image50.png]
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