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1 Introduction
As concluded in the study item phase, LTE TDD eIMTA is beneficial for small cell related deployment scenarios. However, inter-cell interference would arise when different transmission directions occur in different cells. The observation in the SI was that BS-to-BS interference is the dominant interference in TDD eIMTA operation. Several interference mitigation schemes were proposed and captured in [1] with the potential to control the BS-to-BS interference and further improve the cell throughput. It was therefore concluded that interference mitigation schemes are essential to handle the inter-cell interference due to different UL-DL configurations applied in different cells. Proper interference mitigation scheme should be agreed on and specified in the work item, according to the following statements in the WID [2]:
· Agree on interference mitigation scheme(s) for systems with TDD UL-DL reconfiguration to ensure coexistence in the agreed deployment scenarios, and specify the necessary (if any) mechanism(s) to enable the agreed interference mitigation scheme(s), e.g.

· E-UTRAN/UE measurements, backhaul coordination, and signaling,

· Power control;

In this contribution, further evaluation results are provided in order to study the performance of different interference mitigation schemes in TDD eIMTA. Comparison of interference mitigation schemes is also provided. The evaluations and studies in this contribution focus on the deployment scenario of multiple pico cells without macro cells, according to the agreements of scenario prioritization in RAN1#72.
2 Comparison of interference mitigation schemes
As stated above, BS-to-BS interference is the dominant interference in TDD eIMTA operation, in which the UL reception in one cell can be interfered by DL transmission from a neighbor cell. In this case the desired signal is the uplink transmission from UEs and the interference is the DL transmission from a neighbor eNB. The negative impact caused by the BS-to-BS interference may include the following:

1) Significant co-existence challenges. As shown in Figure 1 [1], RAN4 has studied the co-existence performance with UL-DL reconfigurations, which shows significant co-existence challenges in case different UL-DL configurations are applied in different cells, if no interference mitigation schemes are applied.
2) Decreased UL throughput. As already shown in several contributions, the UL throughput would become significantly lower than that of a fixed configuration in case of medium-to-high cell traffic loads, or even in low traffic loads when macro cells are included in the deployment scenarios [3]. 
3) High dynamics of SINR in different UL subframes (i.e. in fixed subframes and reconfigurable subframes). Figures 2 – 3 show the SINR distribution for UL subframes collected from a cell strongly coupled with neighbors and from all cells, respectively, both without interference mitigation schemes applied. It is observed that strong BS-to-BS interference degrades the UL SINR in reconfigurable subframes dramatically. As a result, a large portion of UL subframes suffers from SINR lower than -10dB, thus practically not usable for uplink transmissions. This effect is more noticeable in a particular cell which is strongly coupled with neighbor cells. The decreased SINR in a large portion of UL subframes can be seen as the reason of decreased UL throughput when interference mitigation schemes are not applied. The high dynamics of UL SINR in different subframes would also complicate CQI measurements and link adaptations.
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Figure 1: UL and DL geometry from RAN4 co-existence studies [1]
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Figure 2: SINR of UL subframes in a cell strongly coupled with the neighbors (without IM)
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Figure 3: SINR of UL subframes in all cells (without IM)
2.1 Compared interference mitigation schemes

To alleviate the above negative impact of BS-to-BS interference to the system performance, generally two ways can be considered, i.e. either to increase the signal strength from the UE to overcome the BS interference, or to decrease the interference from the neighbor eNB. Although a lot of interference mitigation schemes were proposed, most of them follow one of these two ways.

1） To increase the signal strength from the UE to overcome the BS interference, enhanced UL power control as proposed in [4][5] can be an option. In this scheme, eNB measures the interference level in each UL subframe, and increase the UE transmission power in the reconfigurable subframes when strong interference is observed. With this method, additional measurement to identify strong interfering eNB(s) may not be needed. However, the existing UL power control scheme should be enhanced since it is not possible to change the UE transmission power with a large dynamic range across subframes, which may be needed from the observations shown in Figures 2 and 3. Increase of UE power consumption by this scheme should also be taken into account.
2） More interference mitigation schemes aim to decrease the interference from the neighbor eNB, including cell clustering interference mitigation (CCIM) and scheduling dependent interference mitigation schemes (SDIM). 
i. In CCIM, small cell are divided into cell clusters through eNB measurement of the interference level from neighbor cells. Small cells within a cluster have a relatively strong coupling with each other while small cells of different clusters have weak coupling. In CCIM, same transmission direction is applied within each cell cluster. As reported in [6], a large portion of small cells have weak coupling from others thus can be considered as “isolated cells”, which allows traffic adaptation performed individually. It is also shown that, besides the “isolated cells”, other cell clusters mainly have 2 or 3 strongly coupled cells so that joint traffic adaptation is possible for these cell clusters. In CCIM, interference management is done at network side thus totally transparent to UEs, which means that legacy UEs can enjoy the benefits.
ii. SDIM does not mandate the same transmission direction among neighbor cells. It decreases the strong BS interference by means of reducing eNB Tx power or other scheduling strategies given the interference level is known by the eNB. eNB measurement for BS-to-BS interference is required for SDIM, which is similar to CCIM. As discussed in [7], SDIM and CCIM can be complementary to each other since they target to decrease BS-to-BS interference with different levels.
In next sections, enhanced UL power control and CCIM are evaluated and compared from several perspectives.
2.2 Comparison of interference mitigation schemes.
· Cell packet throughput

Figure 4 provides the UL and DL cell average packet throughput comparison for CCIM and enhanced closed loop power control (eCLPC), which is collected from all the cells in the evaluated scenario. It is observed that both options can be beneficial to the system, compared to the case with fixed UL-DL configuration as well as traffic adaptation without interference mitigation schemes. CCIM shows significant better UL performance but a bit worse DL performance compared to eCLPC, and the gain in UL is significant but the loss in DL is marginal. 
The performance of CCIM and eCLPC differs much if the UL and DL packet throughput of a particular cell is studied. As shown in Figure 5, UL and DL cell average packet throughput are given for a particular cell which is strongly coupled with neighbor cells. It can be found that eCLPC is not feasible to guarantee the UL performance in such a strongly coupled cell. On the other hand, CCIM shows good performance and high throughput gain in low traffic load region.
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Figure 4: UL and DL cell packet throughput comparison in all cells (with and without IM)
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Figure 5: UL and DL cell packet throughput comparison for a cell with strong coupling with neighbors

Therefore we have the following observation:
Observation 1:
CCIM outperforms enhanced eCLPC in terms of packet throughput and the benefit is larger when the coupling of small cells gets stronger.
· SINR dynamics in different subframes

In accordance with Figures 2 and 3, Figures 6 and 7 further illustrate the SINR of UL subframes with CCIM collected from the strongly coupled small cell and from all cells, respectively. It is observed that CCIM effectively improves UL SINR. Therefore the probability of SINR lower than 0 dB is minimal even when the performance of the strongly coupled small cell is concerned. Dynamics of SINR in different subframes is also effectively reduced, which is beneficial for eNB to reuse current CQI measurements and link adaptation methods.
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Figure 6: SINR of UL subframes in a cell strongly coupled with the neighbors (CCIM)
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Figure 7: SINR of UL subframes in all cells (CCIM)

Figure 8 and 9 shows the corresponding UL SINR when enhanced UL PC is applied. Although the UL SINR is improved compared to the case without IM, there is still a large portion of UL subframes with SINR lower than 0dB, which is not desirable. At the same time, the dynamics of SINR in different UL subframe is still very high. 
Therefore we have the following observation:

Observation 2:

CCIM outperforms eCLPC in improving UL SINR to a reasonable range and reducing the dynamics of UL SINR in different subframes.
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Figure 8: SINR of UL subframes in a cell strongly coupled with the neighbors (eCLPC)
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Figure 9: SINR of UL subframes in all cells (eCLPC) 

· UE power consumption

In the evaluation of a fixed configuration and traffic adaptation with CCIM, a UE determines its transmission power from the estimated pathloss and configured parameters, i.e. Po, alpha, etc. Therefore CCIM does not require additional UE transmission power compared to the case without eIMTA. However, in eCLPC, much higher transmission power is required to overcome the BS-to-BS interference. Evaluation results show that about 10dB additional UE power consumption is required on average by eCLPC, compared to CCIM.
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Figure 10: UE transmission power for eCLPC
Observation 3:

In order to improve the UL performance, eCLPC requires on average 10dB additional UE transmission power than CCIM.
· Other aspects
Both CCIM and eCLPC have their specification impacts. CCIM requires specifying eNB measurements and exchanging of measurement reports among eNBs, while eCLPC requires specifying the signaling for UE transmission power enhancements.
On the other hand, CCIM is a network based method which can be totally transparent to UEs and beneficial to legacy UEs. However, eCLPC can only be beneficial for Rel-12 UEs who supports TDD eIMTA, since eCLPC requires UE support. With eCLPC, UL subframes suffering from strong BS-to-BS interference cannot be used for legacy UEs and the performance of legacy UEs will be degraded.
Observation 4:
While both CCIM and eCLPC have specification impacts, CCIM is transparent to UEs and can be beneficial to legacy UEs as well.
3 Conclusions
In this contribution, interference mitigation schemes for BS-to-BS interference in TDD eIMTA are discussed and compared, particularly for CCIM and eCLPC. The comparison is made from several perspectives, with the following observations.
· Observation 1:
CCIM outperforms enhanced eCLPC in terms of packet throughput and the benefit is when the coupling of small cells gets stronger.

· Observation 2:

CCIM outperforms eCLPC in improving UL SINR to a reasonable range and reducing the dynamics of UL SINR in different subframes.

· Observation 3:

In order to improve the UL performance, eCLPC requires on average 10dB additional UE transmission power than CCIM.

· Observation 4:
While both CCIM and eCLPC have specification impacts, CCIM is transparent to UEs and can be beneficial to legacy UEs as well.

Given these observations, we have the following proposals:

· Proposal 1:
CCIM should be supported for TDD eIMTA. 
· Proposal 2:
Necessary eNB measurement and exchanging of the measurement reports among cells to support CCIM should be specified.
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5 Appendix

5.1 Simulation assumptions
Table A-1: Pico-cell system assumptions for multiple pico cells scenario
	Parameters
	Assumptions

	Scenario
	Co-channel and multiple pico cells

	System bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Inter-site distance
	500 m

	Macro deployment

	The typical 19-cell and 3-sectored hexagon system layout

Note that macro cells are deployed but not activated    

	Pico deployment
	40m radius, random deployment

	Number of pico cells per sector
	4

	Minimum distance between pico cells
	40 m

	Minimum distance between UE and pico
	10 m

	Pico antenna pattern
	2D, Omni-directional

	Pico antenna gain
	5 dBi

	UE antenna gain
	0 dBi

	Pico noise figure
	13 dB

	UE noise figure
	9 dB

	Maximum pico TX power
	24 dBm

	UE power class
	23 dBm (200 mW)

	Open loop UL power control parameters
	Pico UE: P0 = -76 dBm,alpha = 0.8

	Number of UEs per pico cell
	10 UEs uniformly dropped around each of the Pico cells within a radius of 40m

	Shadowing standard deviation between  outdoor Pico cells
	6 dB

	Shadowing correlation between UEs
	0

	Shadowing correlation between picos
	0.5

	Pico-to-pico pathloss
	LOS: if R<2/3 km, PL(R)=98.4+20log10(R) [free space loss]                                                    else, PL(R)=101.9+40log10(R), R in km [ Dual slop model TR25942 section5.1.4.3]

NLOS: PL= 40log10(R)+169.36, R in km [25.942:section 7.4.1.2.1.4 TR 101 112(ETSI):Annex B1.8.1.2] 

Case1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) [36.814: table A.2.1.1.2-3 the probability of Relay-UE case1]

	Pico-to-UE pathloss
	PLLOS(R)=103.8+20.9log10(R)    
PLNLOS(R)=145.4+37.5log10(R)  

For 2GHz, R in km 

Case1: Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5, 5exp(-R/0.03)) [36.814: table A.2.1.1.2-3 Pico-UE]

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

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

[Section 7.4.1.2.1.4 of TS25942, Annex B1.8.1.2 of TR 101 112(ETSI), ETSI STC SMG2 UMTS L1#9 Tdoc 679/98]

	Fast fading
	Not modeled

	Traffic model
	FTP model 1 in TR36.814
Poisson distributed with arrival rate λ

Number of UEs according to the simulated scenario

A packet is randomly assigned to a UE with equal probability

Independent traffic modeling for DL and UL per UE
Fixed size of 0.5Mbytes as in TR36.814
Independent traffic generation per cell
Same arriving rate for all the cells
Ratio of DL and UL traffic loads = 2:1

	Time scale for reconfiguration
	infinity (i.e. fixed reference configuration), or

TDD UL-DL reconfiguration every 10ms

	UE antenna configuration
	1 Tx, 2 Rx

	Fixed reference TDD UL-DL configurations
	TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = 2/1

	Link adaptation
	MCS selection with 10% BLER, assuming ideal CSI
If the highest MCS is selected, the BLER may be less than 10%, which shall be modeled

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

	Cyclic prefix length
	Normal CP in both downlink and uplink

	Special subframe configuration
	Configuration #8

	Packet drop time
	The packet drop time is either not modeled or modeled according to 36.814 (i.e. 8s for 0.5MB and 32s for 2MB)

	Downlink/uplink receiver type
	MMSE for both downlink and uplink

	UL modulation order
	{QPSK, 16QAM, 64QAM}

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

	Performance metrics
	Cell average packet throughput
UE Tx power

	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

	Interference mitigation schemes
	Cell clustering interference mitigation

Enhanced closed loop UL power control
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