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1. Introduction

At the RAN1 #72bis meeting, the following working assumption for eIMTA interference mitigation was agreed.
· At least for UL, the following scheme is supported for dynamic TDD UL-DL reconfigurations
· Depending on the type of a subframe and/or type of interference seen by a subframe, the power control parameters and/or mechanism could be different between a flexible subframe and a fixed subframe
· Details of subframe-type dependent power control is FFS

· Companies are encouraged to bring detailed proposals and performance evaluations in the next meeting.
· Email discussion on evaluation assumptions by April 26

According to the after-meeting email discussion [72bis-06], several observations can be summarized.
· Both the pico-only and the pico-macro adjacent carrier scenarios seem to be valid and interesting deployment scenarios to study, it unfortunately seems difficult to agree on a single scenario. 

· UE power consumption is one interesting metric in the evaluations, due to the limited time it is difficult to agree on an explicit model for UE power consumption, but we note that power consumption is not only dependent on transmission power. At least the number of transmission subframes could be used as a metric, but the transmission power can be indicated as well. 

· The exact power control scheme can differ and we leave it up to each company to describe the technique they are using for different subframes, preferably indicating the number of bits used for dynamic signaling and other configuration needs.
In this contribution, we investigate UL power control for eIMTA interference mitigation, including both open loop UL power control (OL UL PC) and closed loop UL power control (CL UL PC).
2. Interference Mitigation for Dynamic TDD

2.1. Observation of Interference in Dynamic TDD System
For a dynamic TDD system with different UL-DL configurations, fixed subframes and flexible subframes can be defined according to the transmission variability direction of each subframe, as illustrated in Fig. 1. If the transmission direction of one subframe is always the same for the all candidate UL-DL configurations, it is categorized as a fixed subframe. Otherwise, it is a flexible subframe. Given that all seven UL-DL configurations can be utilized for traffic adaptation, subframes 0, 1, 2, 5, and 6 will be fixed subframes and subframes 3, 4, 7, 8, and 9 will be flexible subframes. Here, we treat a special subframe as a DL subframe.
[image: image1.png]”

6

One Radio Frame

Fixed

| subframes

[




Figure 1 - Fixed vs. flexible subframes

It is generally observed [3-5] that in a dynamic TDD system, the interference situations in fixed subframes are significantly different from those in flexible subframes and the latter is more challenging, especially for data reception in a UL subframe due to strong eNB-to-eNB interference. To illustrate this, we compare the distribution of the UL SINR measured in fixed subframes to that in dynamic subframes. Numerical results are obtained from a system level evaluation and shown in Fig. 2. In our simulation, the ratio of the DL and UL FTP traffic arrival rates, i.e., λDL/λUL, is fixed to 2.  Different traffic load values are considered, e.g., a low traffic load with λUL = 0.25 and a high traffic load with λUL = 1. Also, for this evaluation we did not adopt any interference mitigation schemes for dynamic TDD traffic adaptation. From the evaluation results, we clearly observe that the UL SINR measured in the flexible subframes is much worse than the UL SINR measured in the fixed subframes, especially when the traffic load is higher. Therefore, it is reasonable to apply different interference mitigation schemes to fixed subframes and flexible subframes.
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Figure 2 - UL SINR distribution in fixed and flexible subframes
Observation 1: The UL SINR measured in flexible subframes is much worse than the UL SINR measured in fixed subframes, especially when the traffic load is higher.
Proposal 1: Different interference mitigation strategies should be applied to fixed subframes and flexible subframes.
2.2. Investigation of Interference Mitigation Based on UL Power Control

As we observe in Fig. 2, flexible subframes may experience strong interference. Such interference is not observed in the fixed UL subframes. Therefore, we may conclude that this interference is mainly caused by the DL transmission of the neighboring eNB, i.e., eNB-to-eNB interference. One straightforward solution is to enhance the UL transmission power to compete with the DL transmissions from the neighboring eNB. In this contribution, we investigate the effectiveness of UL power control on the interference mitigation. Two UL PC schemes are considered, i.e., open loop and closed loop. To isolate the analysis of UL PC from other performance influencing factors, we do not assume the combination of power control with any other interference mitigation schemes.

OL UL PC according to TS 36.213 is applied to all subframes in fixed TDD and fixed subframes in dynamic TDD, with Po = -76 dBm and alpha = 0.8. The maximum UE transmit power is 23 dBm. In the following, we discuss how to apply UL PC to flexible UL subframes in dynamic TDD to mitigate interference.
2.2.1.  Open Loop UL Power Control
In our implemented OL PC scheme, the transmit power in each flexible subframe is 6 dB higher than the transmit power in the fixed subframe, and it is subject to the constraint that the total transmit power should not exceed the maximum transmit power, e.g., 23 dBm.
2.2.2.  Closed Loop UL Power Control
For the CL PC scheme, we follow the method proposed in ‎[6]. In short, the transmit power adjustment value for flexible UL subframes depends on the eNB-to-eNB interference level, which is implicitly inferred by comparing the interference measured in fixed subframes to those in flexible subframes. Then an appropriate power boosting value is adaptively selected according to this interference level.
Table I. Adaptive Power Adjustment Value Configuration
	Interference measured in flexible UL subframes – interference measured in fixed UL subframe (dB)
	< 3
	3~8
	8~12
	12~16
	> 16

	Transmit power adjustment (dB)
	0
	4
	8
	12
	16


3. UL SINR Analysis

To analyze the effectiveness of the UL PC schemes, we perform system level simulations. Four TDD transmission schemes are considered.

· Fixed TDD UL/DL configuration scheme with reference UL/DL configuration 1
· Dynamic TDD traffic adaptation scheme without interference mitigation

· Dynamic TDD traffic adaptation scheme with OL UL PC

· Dynamic TDD traffic adaptation scheme with CL UL PC

The performance is evaluated only in a high traffic load case. The ratio of the DL and UL FTP traffic arrival rates, i.e., λDL/λUL, is fixed to 2. The DL traffic arrival rate is 2 packet/s. The dynamic TDD UL/DL reconfiguration time scale is assumed to be 10 ms.

As the packet throughput performance may be influenced by different scheduling algorithms and transmission and reception implementations, we provide an observation of the UL SINR distribution to try to isolate the effects of UL PC from other factors. For all the above mentioned TDD transmission schemes, the UL SINR CDF curves are shown in Fig. 3. The SINR statistics are only collected in the flexible subframes.
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Figure 3 - UL SINR distribution in flexible subframes with different TDD traffic adaptation and UL power control schemes
We observed that the flexible UL subframes in a dynamic TDD case suffer much stronger interference than those in a fixed TDD case. With OL UL PC, the UE transmission power in all flexible subframes is boosted. This leads to an overall improvement in the SINR, even for flexible subframes which do not suffer excessive eNB-to-eNB interference. However, the necessity for improving the SINR for those subframes that do not incur interference may be questionable and it may be undesirable to introduce unnecessary UE power consumption. The CL UL PC has a smarter transmit power adjustment mechanism. According to its design, it only increases the UL transmit power for flexible UL subframes which are believed to suffer from strong interference. Therefore, we do not observe significant improvement in the SINR in the high SINR region. However, in the low SINR region where a substantial SINR improvement is needed, we only observe a very limited SINR improvement from both CL UL PC and OL UL PC. This is due to the fact that the maximum possible transmit power adjustment values are 6 dB and 16 dB for OL UL PC and CL UL PC in our investigation, respectively, whereas the eNB-to-eNB interference could be much larger than these values. The feasibility to utilize even larger power boosting values should be carefully investigated.
Observation 2: For OL UL PC, power boosting is achieved in all flexible UL subframes, which leads to an overall improvement in the UL SINR. The problem of UE power consumption is the major concern and is FFS.
Observation 3: For CL UL PC, power boosting is achieved in only problematic flexible UL subframes, mostly in the low SINR region, which may avoid unnecessary UE power consumption
Observation 4: Both OL UL PC and CL UL PC may improve the UL SINR. However, since the eNB-to-eNB interference is very strong, this improvement may not be sufficient for the UL flexible subframes that incur interference.
Proposal 2: The effectiveness of UL power control for eIMTA interference mitigation is limited and its combination with other techniques  should be considered.
4. Summary

In this contribution, we studied the interference mitigation schemes. More specifically, we investigated the feasibility of using UL power control for eIMTA interference mitigation. Observations and proposals are summarized as follows.
Observation 1: The UL SINR measured in the flexible subframes is much worse than the UL SINR measured in the fixed subframes, especially when the traffic load is higher.
Observation 2: For OL UL PC, power boosting is achieved in all flexible UL subframes, which leads to an overall improvement in the UL SINR. The problem of UE power consumption is the major concern and is FFS.
Observation 3: For CL UL PC, power boosting is achieved in only problematic flexible UL subframes, mostly in the low SINR region, which may avoid unnecessary UE power consumption
Observation 4: Both OL UL PC and CL UL PC may improve the UL SINR. However, since the eNB-to-eNB interference is very strong, this improvement may not be sufficient for the UL flexible subframes that incur interference.
Proposal 1: Different interference mitigation strategies should be applied to fixed subframes and flexible subframes.
Proposal 2: The effectiveness of UL power control for eIMTA interference mitigation is limited and its combination with other techniques should be considered
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Appendix: Simulation Assumptions

Our performance evaluation of eIMTA is focused on Scenario 3. In order to simplify the evaluation cases, only a subset of configurable parameters is considered, e.g., the 0.5 Mbytes file size, the fixed DL/UL ratio of 2:1, the two arrival rates, and the reconfiguration time scale of 10 ms. More simulation assumptions are given in Table II.

Table II.  Simulation Assumptions

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Macrocell deployment
	Typical 19-cell and 3-sectored hexagon system layout. Note that macrocells are deployed but not activated

	Inter-site distance
	500 m

	Outdoor picocell deployment
	40 m radius, random deployment

	Number of picocells per sector
	4

	Minimum distance 

between outdoor picocells
	40 m

	Minimum distance between outdoor picocell and macrocell
	75 m

	Number of UEs per picocell
	10 UEs uniformly dropped around each of the picocells within a radius of 40 m

	Minimum distance 

between UE and outdoor picocell
	10 m

	Outdoor picocell antenna pattern
	2D, omni-directional

	Outdoor picocell antenna gain
	5 dBi

	UE antenna gain
	0 dBi

	Outdoor picocell noise figure
	13 dB

	UE noise figure
	9 dB

	Max. transmission power for outdoor picocell 
	24 dBm

	UE power class
	23 dBm (200 mW)

	Shadowing standard deviation between outdoor picocells
	6 dB

	Shadowing standard deviation between outdoor picocell and UE
	3 dB for LOS and 4 dB for NLOS

	Shadowing correlation between UEs
	0

	Shadowing correlation between outdoor picocells
	0.5

	Path loss model

	Outdoor picocell to outdoor picocell
	LOS: if R < 2/3 km, PL(R) = 98.4+20log10(R)

else, PL(R) = 101.9+40log10(R), R in km

NLOS: PL = 40log10(R)+169.36, R in km

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

	Outdoor picocell to UE
	PLLOS(R) = 103.8+20.9log10(R)    PLNLOS(R) = 145.4+37.5log10(R)  

For 2 GHz, R in km

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

	UE to UE
	If R <= 50 m, PL = 98.45+20*log10(R), R in m

If R > 50 m, PL = 55.78 +40*log10(R), R in m (Xia model)

	Penetration loss between picocell and UE
	20 dB

	Simulation methodology
	Integrated DL/UL simulator

	Time scale for reconfiguration
	10 ms, 200 ms, 640 ms

	Reference TDD configuration
	TDD UL-DL configuration 1

	Scheduler
	FIFO, wideband scheduling

	Picocell antenna configuration
	1 Tx, 2 Rxs

	UE antenna configuration
	1 Tx, 2 Rxs

	Adaptation method of UL-DL reconfiguration
	Reconfiguration based on the amount of DL and UL data currently in the buffer

	Set of TDD UL-DL configurations
	The seven TDD UL-DL configurations defined in Rel. 8 can be used for reconfigurations

	System-to-link mapping
	AVI

	Link adaptation
	MCS selection with 10% BLER

	DL CSI feedback
	Ideal

	UL sounding
	Ideal

	Channel estimation
	Ideal

	Outdoor picocell DL power control
	Not modeled

	UE UL power control
	alpha = 0.8, Po = -76 dBm

	Small scale fading channel
	Not modeled

	CP length
	Normal

	Special subframe configuration
	Special subframe configuration #8

	Packet drop time
	8 s

	Receiver type
	MMSE

	UL modulation order
	All modulations {QPSK, 16QAM, 64QAM} can be used as the UL modulation order

	Traffic model
	FTP traffic model 1, independent traffic generation per cell. Same arrival rate for all cells, λDL = {0.5,2}, λUL = {0.25,1}, file size 0.5 Mbytes

	HARQ modeling
	Ideal HARQ timing, i.e., a retransmission can occur in the first available subframe after 8 ms. If the maximum number of HARQ transmissions (4) is reached for a TB, the TB is put back at the front of the data buffer.

	HARQ retransmission scheme
	CC

	Control channel and reference signal overhead
	DL:

• Overhead for CRS port 0

• Overhead for PDCCH: 2 OFDM symbols

UL:

• No SRS overhead

• Overhead for PUCCH: 2 PRBs

• Overhead for UL DM-RS: 2 symbols per subframe
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