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1. Introduction

In the RAN#58 plenary meeting, the “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” work item was approved [1]. In the previous RAN4 WG meetings, it was agreed that eIMTA coexistence feasibility studies should be conducted for the case of using interference mitigation schemes agreed by the RAN1 WG. The respective simulation assumptions for the RAN4 eIMTA feasibility analysis were agreed in [2]. In this contribution, we provide eIMTA feasibility/coexistence studies.
2. Discussion on eIMTA feasibility analysis
The coexistence analysis for LTE-TDD systems with dynamic adjustment of UL/DL configuration is supposed to be conducted for two deployment scenarios and two DL-UL interference mitigation schemes as briefly described in the following subsections.
2.1 Deployment scenarios and simulation assumptions
The following two deployment scenarios were agreed for the co-existence study by RAN4 WG:
•
Scenario 3: Multiple outdoor Pico cells deployed on the same carrier frequency (Pico-Pico co-channel)
•
Scenario 4: Multiple outdoor Pico cells deployed on the same carrier frequency and multiple Macro cells deployed on an adjacent carrier frequency where all Macro cells have the same UL-DL configuration and outdoor Pico cells can adjust UL-DL configuration (Macro-Pico adjacent channel).
	
[image: image1.emf]Pico eNB

Downlink

Pico eNB 

Uplink

DL-UL

Interference

Useful signal

UE-UE 

interference

eNB-eNB 

interference


	
[image: image2.emf]Pico eNB 

Uplink

Pico eNB

Downlink

Macro eNB

Downlink

(adjacent channel)

Co-channel 

DL-UL 

Interference

Useful signal

Adjacent channel 

DL-UL Interference



	(a) Scenario #3. Outdoor Pico Deployment Scenario
	(b) Scenario #4. Macro - Outdoor Pico Deployment Scenario

	Figure 1: Deployment scenarios for eIMTA coexistence study


The detailed parameters and assumptions for evaluations can be found in [2]. These assumptions are based on the RAN4 WG agreements made during the study item phase [3].
2.2 DL-UL interference management methods

There are two interference management techniques agreed by RAN1 WG for DL-UL interference management in LTE-TDD systems with dynamic UL/DL reconfiguration. In this sub-section, we briefly review these DL-UL interference mitigation techniques, while the coexistence study is provided in Section 3.
Cell Clustering Based DL-UL Interference Management (CCIM)

In cell clustering based DL-UL interference management (CCIM) (see Figure 2), the strongly coupled cells may align the transmission direction, so that no strong DL-UL interference is injected [3], while the DL-UL interference which is comparable with typical UL inter-cell interference level may still be present. In order to facilitate cell-clustering based operation, RAN1 WG agreed to introduce new type of backhaul signalling, such as intended UL-DL configuration and subframe set specific reporting of the overload interference indicator (OI).
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Figure 2. Cell clustering based DL-UL interference mitigation
For the cell clustering analysis, we assume that cells can perform inter-eNB link measurements (e.g. eNB-eNB coupling) and depending on coupling level either restrict UL/DL reconfiguration or use common UL/DL configuration based on the joint traffic demands in each cell.
ULPC based DL-UL interference mitigation 
Besides the cell-clustering based DL-UL interference mitigation, the RAN1 WG agreed to improve ULPC by introducing two sets of ULPC subframes that may have different open loop ULPC settings. According to this approach, the UL subframes suffering from the DL-UL interference can be protected by using higher transmission power at the UE terminal side.
Using higher transmit power levels at the UE side may end up with increased mutual UE-UE interference levels. The UE-UE interference problem was originally shown to be relatively small in the RAN4 studies at the SI stage, however in case of using increased power settings additional co-existence studies may be needed in order to identify if there are any potential issues and provide recommendations on the feasible ULPC settings. In addition, ULPC IM mechanism may results in substantially increased UE transmit power. This aspect needs to be also considered, since it may affect the overall UE power consumption. For instance, it may be interesting to check the reasonable ULPC settings for DL-UL interference mitigation to avoid significant loss in the UE power consumption.

In the current analysis, in order to overcome negative impact from the DL-UL interference the P0 settings of ULPC were adjusted to ensure that target SINR is met assuming compensation of the strongest possible DL-UL interferer. The P0 settings are defined in a cell-specific way based on the general approach described in [4]:
P0 = ·(SINR0 + IN) + (1–)·(Pmax – 10·logM0),
where IN includes the noise and dominant DL-UL interferer power; SINR0 is the target SINR level.
3. Simulation results

3.1 Scenario 3 – Pico-Pico Co-channel
3.1.1 Cell clustering based DL-UL interference management

In this subsection we evaluate, cell-clustering based DL-UL interference management for Pico-Pico co-channel scenario. For the CCIM algorithm, the -85dB pathgain threshold is used for clustering. In Figure 3, we show the CDF of large scale DL and UL SINR statistics for the Pico UEs (PUEs) for the following three cases:

1) 100% of cells have either DL or UL transmission direction - baseline system operation;

2) 50% of cells in DL and 50% of cells in UL – no interference management (no IM);

3) 50% of cells in DL and 50% of cells in UL – with cell clustering based DL-UL interference management (CCIM).
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PUE:  100% DL Pico

PUE:  50% DL + 50% UL Pico, No IM

PUE:  50% DL + 50% UL Pico, CCIM
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PUE:  100% UL Pico

PUE:  50% DL + 50% UL Pico, No IM

PUE:  50% DL + 50% UL Pico, CCIM



	Figure 3: DL/UL geometry analysis (Scenario #3, CCIM)


In Table 1 we summarize the CCIM impact in terms of throughput performance (positive values correspond the throughput gain, and negative values correspond to throughput loss).
Table 1. DL/UL throughput gain/loss relative to normal system operation (Scenario #3, CCIM)
	Method
	UE type
	DL throughput gain/loss, %
	UL throughput gain/loss, %

	
	
	5%
	50%
	95%
	5%
	50%
	95%

	no IM
	Pico UE
	22.6%
	38.1%
	0.0%
	-100.0%
	-29.9%
	0,0%

	CCIM
	Pico UE
	9.8%
	34.5%
	0.0%
	17.0%
	-4.3%
	0,0%


Observation 1: In Scenario 3, eIMTA does not have co-existence issues when CCIM mechanism is applied.

3.1.2 ULPC-based DL-UL interference management

In this subsection we evaluate the ULPC based DL-UL interference management for Pico-Pico co-channel scenario. For the ULPC algorithm the 20 and 30 dB target SINR values are applied. In Figure 4, we show the CDF of large scale DL and UL SINR statistics for the Pico UEs (PUEs) for the following cases:

1) 100% of cells have either DL or UL transmission direction - baseline system operation;

2) 50% of cells in DL and 50% of cells in UL – no interference management (no IM);

3) 50% of cells in DL and 50% of cells in UL – with ULPC based DL-UL interference management.
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PUE:  100% DL Pico

PUE:  50% DL + 50% UL Pico, No IM
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PUE:  100% UL Pico

PUE:  50% DL + 50% UL Pico, No IM

PUE:  50% DL + 50% UL Pico, ULPC,

Target SINR = 20 dB

PUE:  50% DL + 50% UL Pico, ULPC,

Target SINR = 30 dB



	Figure 4: DL/UL geometry analysis (Scenario #3, ULPC)


In Table 2 we summarize the ULPC impact in terms of throughput performance (positive values correspond the throughput gain, and negative values correspond to throughput loss).
Table 2. DL/UL throughput gain/loss relative to normal system operation (Scenario #3, ULPC)
	Method
	UE type
	DL throughput gain/loss, %
	UL throughput gain/loss, %

	
	
	5% CDF
	50% CDF
	95% CDF
	5% CDF
	50% CDF
	95% CDF

	No IM
	Pico UE
	22.6%
	38.1%
	0.0%
	-100.0%
	-29.9%
	0.0%

	ULPC

20 dB target SINR
	Pico UE
	-69.3%
	38.1%
	0.0%
	-100.0%
	-34.8%
	0.0%

	ULPC

30 dB target SINR
	Pico UE
	-77.1%
	38.1%
	0.0%
	-100.0%
	-10.3%
	0.0%


Observation 2: In Scenario 3, the eIMTA does not meet the co-existence requirements when only ULPC-based IM mechanism is applied.
In addition we analyze, the ULPC impact on the UE transmit power distribution which may have direct impact on the UE power consumption. The corresponding simulation results are illustrated in Figure 5.
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PUE:  100% UL Pico

PUE:  50% DL + 50% UL Pico,

ULPC, Target SINR = 20 dB

PUE:  50% DL + 50% UL Pico,

ULPC, Target SINR = 30 dB



	Figure 5:  UE transmit power analysis (Scenario #3, ULPC)


Observation 3: Using ULPC-based IM mechanism results in the increased UE transmit power comparing with the baseline system and CCIM-based IM mechanism.
3.2 Scenario 4 – Macro-Pico Adjacent Channel
3.2.1 Cell clustering based DL-UL interference management

In this subsection, we evaluate cell-clustering based DL-UL interference management for Pico-Pico co-channel scenario. For the CCIM algorithm, we consider using the -85dB Pico-Pico pathgain threshold and -80dB Macro-Pico pathgain threshold for clustering. In Figure 6 we show the CDF of large scale DL and UL SINR statistics for the Macro and Pico UEs (MUEs, PUEs) for the following cases:

1) 100% of cells have either DL or UL transmission direction - baseline system operation;

2) 50% of cells in DL and 50% of cells in UL – no interference management (no IM);

3) 50% of cells in DL and 50% of cells in UL – with cell clustering based DL-UL interference management (CCIM).

The performance of Pico UEs for the cases when Macro station has DL and UL transmissions are considered.
In Table 3 we summarize the CCIM impact in terms of throughput performance (positive values correspond the throughput gain, and negative values correspond to throughput loss).

Table 3. DL/UL throughput gain/loss relative to normal system operation (Scenario #4, CCIM)

	Method
	UE type
	DL throughput gain/loss, %
	UL throughput gain/loss, %

	
	
	5% CDF
	50% CDF
	95% CDF
	5% CDF
	50% CDF
	95% CDF

	No IM
	Macro UE
	0%
	0%
	0%
	-57%
	-34%
	-22%

	
	Pico UE
(Macro DL)
	30%
	5%
	0%
	-100%
	-89%
	-30%

	
	Pico UE
(Macro UL)
	-39%
	-5%
	0%
	100%
	16%
	0%

	CCIM
	Macro UE
	0%
	0%
	0%
	1%
	0%
	11%

	
	Pico UE
(Macro DL)
	2%
	5%
	0%
	-15%
	-51%
	-14%

	
	Pico UE
(Macro UL)
	99%
	5%
	0%
	5%
	0%
	0%


	Macro UE DL geometry
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MUE:  100% DL Macro,

100% DL Pico

MUE:  100% DL Macro,

50% DL + 50% UL Pico, No IM

MUE: 100% DL Macro,

50%DL+50% ULPico, CCIM


	Macro UE UL geometry
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MUE:  100% UL Macro,

100% UL Pico

MUE:  100% UL Macro,

50% DL + 50% UL Pico, no IM

MUE:  100% UL Macro,

50% DL + 50% UL Pico, CCIM



	Pico UE DL geometry (Macro DL)
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PUE:  100% DL Macro,  100% DL Pico

PUE:  100% DL Macro,

50% DL + 50% UL Pico, No IM

PUE:  100% DL Macro,

50% DL + 50% UL Pico, CCIM


	Pico UE UL geometry (Macro DL)
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PUE:  100% UL Macro,  100% UL Pico

PUE:  100% DL Macro,

50% DL + 50% UL Pico, No IM

PUE:  100% DL Macro,

50% DL + 50% UL Pico, CCIM



	Pico UE DL geometry (Macro UL)
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PUE:  100% UL Macro,

100% DL Pico

PUE:  100% UL Macro,

50% DL + 50% UL Pico, no IM

PUE:  100% UL Macro,

50% DL + 50% UL Pico, CCIM


	Pico UE UL geometry (Macro UL)
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PUE:  100% UL Macro,

100% UL Pico

PUE:  100% UL Macro,

50% DL + 50% UL Pico, No IM

PUE:  100% UL Macro,

50% DL + 50% UL Pico, CCIM



	Figure 6: DL/UL geometry analysis (Scenario #4, CCIM)


Observation 4: In Scenario 4, there are some co-existence issues with the Pico UE UL performance when CCIM is applied on Pico layer only. The performance loss is observed, when Macro stations operate in DL transmission direction and Pico cells receive UL signals. However, even in this case there is no significant outage problem. 
3.2.2 ULPC based DL-UL interference management

As illustrated above, using ULPC alone cannot resolve the interference problem in the Scenario #3. Due to more stringent interference conditions the ULPC control approach will not be able to achieve acceptable performance for Scenario #4.
Observation 5: In Scenario 4, the ULPC based interference management approach cannot resolve DL-UL interference problems. 
4. Conclusion

In this contribution, we provided our views on feasibility studies for the eIMTA WI. In summary, we make the following observations:
Observation 1: In Scenario 3, eIMTA does not have co-existence issues when CCIM mechanism is applied.

Observation 2: In Scenario 3, the eIMTA does not meet the co-existence requirements when only ULPC-based IM mechanism is applied.
Observation 3: Using ULPC-based IM mechanism results in the increased UE transmit power comparing with the baseline system and CCIM-based IM mechanism.
Observation 4: In Scenario 4, there are some co-existence issues with the Pico UE UL performance when CCIM is applied on Pico layer only. The performance loss is observed, when Macro stations operate in DL transmission direction and Pico cells receive UL signals. However, even in this case there is no significant outage problem. 
Observation 5: In Scenario 4, the ULPC based IM mechanism cannot resolve DL-UL interference problems. 
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