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1 Introduction
In RAN#68, the first phase results of the IMTA evaluation [1] about the isolated pico-cell scenario indicated the necessity of multi-cell study. In addition, from the SID in [2], it is also stated that: “RAN1 and RAN4 should identify the multi-cell scenarios for which TDD DL-UL interference may arise and additional TDD DL-UL interference mitigation would be beneficial.”
In this contribution, we study the following scenario “Outdoor Pico and Macro cells deployed on the same carrier frequency where all Macro cells have the same UL-DL configuration and outdoor Pico cells can adjust UL-DL configuration” to assess the performance of IMTA further.
2 Simulation assumptions
We follow the agreed evaluation assumptions in [3] as our baseline assumption. Table 1 below captures specific parameters used in our simulations. The UE distribution per macro sector region is illustrated in figure 1. 
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Fig. 1: UE distribution in heterogeneous macro sector deployment

Table 1: System simulation parameters for isolated outdoor pico evaluation

	Parameter
	Values used for evaluation

	General 
	Parameters and assumptions are aligned with agreed simulation parameters [3]

	Specific parameter
	Values

	Macro deployment
	Standard 19-cell and 3-sectored hexagon system layout

	Simulation Scenario
	Multi-pico cells with macros activated

Macro and pico cells deployed on the same frequency

	Simulation methodology
	DL and UL in an integrated simulator

	Scheduler
	PF

	Link adaptation
	MCS selection with 10% BLER

If the highest MCS is selected, the BLER may be less than 10%, which shall be modeled

DL and UL transmission according to the obtained DL and UL CSI

	Antenna configuration at eNB & UE
	Macro/Pico eNB (1 Tx, 2 Rx), UE (1 Tx, 2 Rx)

	Set of TDD UL-DL configurations
	Seven configurations supported

	Outdoor Pico DL power control
	Not modeled, i.e. assuming max pico Tx power

	UE UL Power control
	Open-loop: alpha = 0.8, Po= -76dBm

	Small scaling fading channel
	Pico-UE/UE-Pico: ITU; 

Macro-UE/UE-Macro: ITU;

UE-UE:  not modeled;

Pico-Pico: not modeled.

Macro-Macro: not modeled

Macro-Pico/Pico-Macro: not modeled

	Traffic model
	FTP mode 1 agreed in isolated cell case [R1-120080], independent traffic generation per cell.  Same arriving rate for all the cells:

· File size = {0.5} Mbytes

· Poisson distributed with arrival rate λ: [2] for 0.5 Mbytes 

	Reference TDD configuration
	Evaluate at least the following TDD reference configurations:
· Pico Cell TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {2/1} 

· Macro Cell TDD UL-DL configurations are fixed as TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {2/1} 

	Time scale for reconfiguration
	Infinity, i.e. no reconfiguration
Reconfiguration every 10ms

	HARQ
	CC

Ideal HARQ timing, i.e. a retransmission can happen in the first available subframe after 8ms.                                   

If the maximum number of HARQ transmissions (4) is reached for a TB, the TB is put back to the front of the data buffer.

	Receiver (downlink and uplink)
	MMSE (both)

	Channel estimation
	Ideal CSI

	SRS periodicity
	5ms

	Packet drop time
	8 seconds for 0.5MB file

	Penetration loss
	0 dB for all penetration loss, e.g. pico/macro – UE, UE - UE

	Handover margin
	1 dB


In our simulation evaluation, we adopt three simulation cases:
1. All cells (both macro and pico) have the traditional UL-DL configurations without reconfiguration

2. Macro cells have the traditional fixed UL-DL configurations, while pico cells apply adaptive UL-DL configurations without any interference mitigation schemes among them.

3. Macro cells have the traditional fixed UL-DL configurations, while pico cells apply adaptive UL-DL configurations with interference mitigation schemes. 

a) For UL-DL ICI among Pico cells, in this scheme we consider separating all Pico cells within a Macro cell into isolated clusters. The created clusters are assumed to suffer from very low UL-DL interference from each other and the TDD configuration for each isolated cluster can be dynamically changed based on the traffic variation. For the Pico cells inside a cluster, the same TDD configuration is used to mitigate the UL-DL ICI. To divide the Pico cells into different clusters, the Pico-to-Pico pathloss is compared with a certain threshold and we ensure that the Pico-to-Pico pathloss between any Pico node pair on two neighboring clusters is larger than the given threshold. In this contribution, the Pico-to-Pico pathloss is given by 90 dB for cell clustering. 
b) For UL-DL ICI among Macro cells and Pico cells, we consider UL-DL ICI suppressing scheme for UL link transmission on either Pico or Macro cells. To be specific, at the receiver, the dominant large-scale eNB-to-eNB interference is suppressed. Further enhancement of the UL-DL ICI mitigation among Macro and Pico cells may be based on specific UL/DL scenarios taking into account the MUE scheduling or the Macro-to-Pico pathloss. However, this UL-DL ICI mitigation scheme has higher complexity and thus is not considered in this contribution. 

If time permits, we suggest continuing the performance evaluation of IMTA with more complex UL-DL ICI mitigation schemes. 
3 Simulation Results
The results here are for 0.5MB file size and are provided for the three cases introduced above.
3.1 UE average packet throughput
In this section, we analyze the various UL/DL configuration cases’ impact on UE packet throughput, which directly denotes the user transmission delay according to its definition “packet size downloaded/uploaded correctly over the packet transmission time, including the packet waiting time in the buffer”. 
· Firstly, we observe pico performance, which reflects IMTA performance due to its adaptive UL-DL configuration.
Table 2: UE average packet throughput of various cases for Pico cell
	Cases
	Uplink Traffic (Mbps)
	Downlink Traffic (Mbps)

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

	Case 1: Fixed Cnf1, UL/DL Arrival ratio (2:1), fixed configuration 
	4.09
	16.75
	25.2
	2.05
	5.88
	13.12

	Case 2: Initial Cnf1, UL/DL Arrival ratio (2:1), Pico reconfiguration every 10ms
	2.21
	6.06
	21.8
	2.96
	9.25
	26.23

	Case 3.a: Initial Cnf1, UL/DL Arrival ratio (2:1), Pico reconfiguration every 10ms with interference mitigation
	2.28
	9.15
	24.03
	3.08
	9.81
	24.86

	Case 3.b: Initial Cnf1, UL/DL Arrival ratio (2:1), Pico reconfiguration every 10ms with interference mitigation
	2.72
	9.22
	25.1
	3.43
	10.02
	25.67


According to the simulation results in table 2, compared with baseline “traditional fixed UL-DL configuration” (i.e. case 1), we find Pico adaptive UL-DL configuration without interference mitigation (case 2) has performance gain in its downlink, but huge performance loss in its uplink. We also know adaptive UL-DL configuration essentially tracks the UL-DL traffic fluctuations quickly to divide UL and DL resource efficiently, which provides performance gain derived from timely resource guarantee. However, this kind of adaptive UL-DL configuration results in UL-DL interference among the adjacent and asynchronous UL-DL configuration cells (Pico and/or macro) in the multi-cell scenario, which leads to performance loss due to the transmission delay from low MCS scheduling. From the simulation results of case 2, Pico downlink UE performance (9.25/5.88 = 1.57 at 50% point) profits from the performance gain from the adaptive UL-DL configuration in the downlink beyond the performance loss from the UL-DL interference in downlink, but, it is reversed for the uplink (6.06/16.75 = 0.36 at 50% point). 
After applying interference mitigation, we find case 3 has performance gain compared with case 2 at both uplink (6.06 to 9.15/9.22 at 50% point) and downlink (9.25 to 9.81/10.02 at 50% point). However, for uplink, although case 3.b scheme has higher performance than case 3.a scheme after considering macro-eNB-to-pico-eNB interference suppressing, the performance of case 3.b is still below that of case 1 (16.75 at 50% point). In other words, the interference to Pico uplink is huge and need be solved further. 

· Secondly, we observe macro performance, which reflects the impact of IMTA.
Table 3: UE average packet throughput of various cases for macro cell
	Cases
	Uplink Traffic (Mbps)
	Downlink Traffic (Mbps)

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

	Case 1: Fixed Cnf1, UL/DL Arrival ratio (2:1), fixed configuration 
	2.97
	11.46
	16.74
	2.53
	8.05
	17.07

	Case 2: Initial Cnf1, UL/DL Arrival ratio (2:1), Pico reconfiguration every 10ms
	1.86
	3.19
	5.08
	2.46
	9.43
	19.2

	Case 3.a: Initial Cnf1, UL/DL Arrival ratio (2:1), Pico reconfiguration every 10ms with interference mitigation
	2.41
	3.37
	5.74
	2.34
	8.15
	18.46

	Case 3.b: Initial Cnf1, UL/DL Arrival ratio (2:1), Pico reconfiguration every 10ms with interference mitigation
	2.39
	5.08
	7.68
	2.35
	9.39
	19.2


From the simulation results in table 3, the performance in macro downlink has not changed significantly. UE-to-UE interference is weak due to low UE transmission power and low probability of adjacent Pico UE scheduled with UL FTP traffic. However, its uplink performance is affected. Even if case 3 has tiny gain compared with case 2, case 3 still has a huge loss compared with case 1.
Observation 1: In macro and pico co-channel coexistence scenario, eNB-to-eNB interference significantly impacts UL performance when dynamic reconfiguration is used.
Proposal 1: Further study is needed on interference mitigation for IMTA.
3.2 Cell average packet throughput
In this section, we provide cell average packet throughput results from the various cases, which denote cell performance based on the definition “the size of all packets downloaded/uploaded correctly over the whole simulation duration and the cells”. Different from UE average packet throughput (which only shows the performance of each packet received correctly), this statistic value “cell average packet throughput” describes cell performance directly, which shows the number of packet downloaded/uploaded correctly.
Table 4: Cell average packet throughput of various cases
	Cases
	Uplink Traffic (Mbps)
	Downlink Traffic (Mbps)

	
	Pico cell avg
	Macro cell avg
	Pico cell avg
	Macro cell avg

	Case 1: Fixed Cnf1, UL/DL Arrival ratio (2:1), fixed configuration 
	3.48
	4.5
	3.25
	5.37

	Case 2: Initial Cnf1, UL/DL Arrival ratio (2:1), Pico reconfiguration every 10ms
	1.76
	0.29
	5.41
	5.31

	Case 3.a: Initial Cnf1, UL/DL Arrival ratio (2:1), Pico reconfiguration every 10ms with interference mitigation
	1.87
	0.64
	5.08
	5.25

	Case 3.b: Initial Cnf1, UL/DL Arrival ratio (2:1), Pico reconfiguration every 10ms with interference mitigation
	1.7
	0.73
	5.18
	5.36


Based on cell performance in table 4, from the point of view of the cell, we find the similar results to UE performance:
· For downlink in pico cell, adaptive UL-DL configuration cases (2 and 3) are better than traditional fixed UL-DL configuration in case 1.
· For uplink in pico cell, both case 2 and case 3 have large performance loss compared with case 1.

· For downlink in macro cell, there is no evident performance difference among them.
· For uplink in macro cell, the performance loss in case 2 and case 3 is huge compared with case 1 although case 3 is better than case 2.
Observation 2: From the point of view of the cell, macro uplink performance encounters catastrophic reduction in IMTA without interference mitigation between macro and pico.
Proposal 2: Uplink interference is a key issue to solve, especially to macro uplink.
3.3 Energy consumption
In this section, we will provide the information related to scheduling/resource allocation. In sections 3.1 and 3.2 above, we only observe the statistical results of successfully received packets. This section considers all packets including the successfully received packets and the transmitted packets; the total energy consumption is defined as the average number of downlink/uplink subframes used for downlink/uplink transmission per second.

Table 5: Energy consumption of various cases
	Cases
	Uplink Energy Consumption in UE (times/sec)
	Downlink Energy Consumption in eNB (times/sec)

	
	Pico
	Macro
	Pico
	Macro

	Case 1: Fixed Cnf1, UL/DL Arrival ratio (2:1), fixed configuration 
	83.5
	157.1
	308.7
	327.5

	Case 2: Initial Cnf1, UL/DL Arrival ratio (2:1), Pico reconfiguration every 10ms
	188.2
	292.7
	381.1
	334.1

	Case 3.a: Initial Cnf1, UL/DL Arrival ratio (2:1), Pico reconfiguration every 10ms with interference mitigation
	139.7
	306.4
	403.6
	329.2

	Case 3.b: Initial Cnf1, UL/DL Arrival ratio (2:1), Pico reconfiguration every 10ms with interference mitigation
	140.5
	256.7
	393.3
	310.1


From the simulation results in table 5, both case 2 and case 3 need more uplink energy consumption than case 1, which means that the large UE packet transmission delay in both case 2 and case 3 results in more subframes being transmitted over the air. As for downlink energy consumption, the difference is reasonable among three cases because of the tiny difference in transmission delay among them.
Observation 3: From the point of view of energy consumption, the serious eNB-to-eNB interference results in huge cost of uplink resource. Thus, there isn’t abundant remaining resource to satisfy DL traffic fluctuation in time. It will violate the original intention [2]: “the benefits of uplink-downlink re-configuration dependent upon traffic conditions”.
4 Further discussion on UL-Dl ICI mitigation

Inter-cell interference cancellation is not a new issue any more and has been hotly discussed in CoMP and HTN related topics. We believe that many effective interference mitigation schemes can be borrowed. Due to the tight time schedule, we mainly show the performance evaluation based on UL-DL ICI mitigation presented in Section 2. Besides them, there are also some promising UL-DL ICI mitigations schemes, and we will give a brief discussion on them.   
In TS 36.300 and TS 36.423, mechanisms for interference management in the frequency domain have been defined since Release 8 where the reference scenario is the macro homogeneous deployment for both FDD and TDD deployments. In particular, the Load Indication procedure contains information about the transmit power for Physical Resource Blocks (PRB) used for data channels, by means of the

· Overload Indicator (OI) IE,

· High Interference Indicator (HII) IE, and 

· Relative Narrowband Transmit Power (RNTP) IE.

In this section, we consider some scenarios to illustrate how these existing IEs can be reused to address the interference scenarios created due to TDD subframe configuration mismatch between neighbouring cells. We also show how possible enhancement of these IEs would improve their effectiveness in mitigating these new interference scenarios by better reflecting the interference that is reported.  

Figure 2 illustrates the two new interference scenarios in a TDD deployment when the TDD subframe configuration between the two cells is different. These interference scenarios are between BS1 and BS2, and between UE1 and UE2. For ease of description in the following sections, BS1 in Cell 1 is referred to as the interferer BS and BS2 the interfered BS. Similarly, UE2 is referred to as the interferer UE and UE1 the interfered UE.
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Fig 2: BS-BS and UE-UE Interference Scenarios

It should also be noted that as part of the X2 Setup procedure, both eNB1 and eNB2 could inform each other their current TDD subframe assignments via X2 SETUP REQUEST message and X2 SETUP RESPONSE message, respectively.  The TDD Subframe Assignment IE belongs to the Served Cell Information IE Group which is included in both the X2 SETUP REQUEST message and X2 SETUP RESPONSE message.  Therefore, any changes in the one cell TDD configuration can be signalled to its neighbouring cell(s) as supported in the existing functionalities over the X2 interface. 

4.1 Overload Indicator (OI): BS-BS Interference

For BS-to-BS interference, the interferer BS1 sends a DL subframe while the interfered BS2 would be receiving UL subframe. The interfered BS2 could reuse the UL Overload Indicator (OI) IE to report this interference in its UL to its neighboring BS1. When the OI is received by BS1, it could then take necessary actions such as avoiding transmission or transmit with a lower power on high-interference PRBs indicated by OI IE. 
As noted above, the TDD Subframe Assignment of Section 9.2.8.of TS 36.423 meant that BS1 knows of the difference in the subframe configuration in both BS1 and BS2, therefore providing it with information on how to limit its DL transmission in certain subframes. The advantages and drawbacks of this proposal are:

Advantages:

· No new specification impact as it reuses Rel-10 X2 mechanisms.

· Interferer BS1 can deploy “almost blank subframes” in the specific DL subframe(s) providing interference relief to BS2. The detail on the specific actions taken is left to network implementation choices.
· Alternatively, BS1 can re-use the RNTP IE which with an appropriate setting of the RNTP threshold, indicate to the BS2 its relative narrowband transmit power i.e. at full power or at reduced power, so that the BS2 can use this input as assistance information to optimize its UL scheduling operation to mitigate the impact of BS1 interference on its uplink.
Drawbacks:

· The OI IE received from the interfered BS2 is based on interference averaged over many subframes and per PRB. Hence it may not be directly applicable to specific UL-DL subframe specifically subframes that are interfering due to mismatch in UL-DL configurations between BS1 and BS2. 
· Feasibility of reuse of existing X2 OI IE to mitigate the BS to BS interference is for further study. The Release 10 Uplink Overload Indicator IE could be modified to reflect interference received per PRB and as well as for a specific subframe.

4.2 High Interference Indicator (HII): UE-UE Interference

The TDD Subframe Assignment IE exchanges over X2 provide the BSs the different subframe configuration in both BS1 and BS2. Therefore a simple interference avoidance method would be for the BS1 to take steps to avoid scheduling UEs in Cell 1 that may cause severe interference in Cell 2. 

The effectiveness of this method depends on:

· availability of the latest subframe assignment in the neighboring BSs, and

· the ability of BS2 in identifying the interfering UE2

Alternatively, BS2 can inform BS1 of high UL interference. The HII IE conveys, per PRB, a 2 level report on interference sensitivity. The HII IE could therefore be used by BS2 to inform BS1 of high interference at certain PRB in BS2 uplink. BS1 upon receiving the HII could decide to limit its DL scheduling to UE1 thus preventing a severe degradation of the DL transmission at UE1. The advantages and drawbacks are:

Advantages:

· Reusing of Rel-10 X2 mechanisms;

· It is up to BS2 implementation choice in mitigating this interference i.e. avoid scheduling of UEs in the downlink that are at risk of severe interference to UE1 of BS1. Alternatively, BS2 can signal BS the HII IE to inform BS1 of potentially high DL interference to some of its UE. 
Drawbacks:

· HII IE from interferer BS2 are based on projected interference averaged over many subframes and per PRB. Mismatch in UL-DL configurations between BS1 and BS2 are applicable only in certain subframes. 
· Feasibility of reuse of existing X2 HII IE to mitigate the UE to UE interference is for further study. The Release 10 Uplink High Interference Indicator IE could be modified to reflect interference received per PRB and as well as for a specific subframe.
5 Conclusion
Based on the evaluations and discussion presented above we make the following observations:

Observation 1: In macro and pico co-channel coexistence scenario, eNB-to-eNB interference significantly impacts UL performance when dynamic reconfiguration is used.

Observation 2: From the point of view of the cell, macro uplink performance encounters catastrophic reduction in IMTA without interference mitigation between macro and pico.

Observation 3: From the point of view of energy consumption, the serious eNB-to-eNB interference results in huge cost of uplink resource. Thus, there isn’t abundant remaining resource to satisfy DL traffic fluctuation in time. It will violate the original intention “the benefits of uplink-downlink re-configuration dependent upon traffic conditions”.
According to these observations we made the conclusions and a proposal:
· In terms of DL packet throughput, the performances of both pico and macro cells with UL-
DL ICI mitigation have improvement compared with that of a fixed configuration, especially for pico cells.
· In terms of UL packet throughput, due to the existence of serious eNB-to-eNB interference, the performances with UL-DL ICI mitigation have great improvement compared with that of dynamic configuration without any interference mitigation; however, it still needs to be further enhanced compared with that of a fixed configuration, especially for macro cells.
Proposal: Further study is needed on interference mitigation for IMTA with Macro layer. Uplink interference is a key issue to solve, especially to macro uplink.
· The feasibility of reuse of existing X2 OI IE to mitigate the BS to BS interference needs further study. It is possible that the Release 10 Uplink Overload Indicator IE could be modified to reflect interference received per PRB and as well as per subframe.

· Feasibility of reuse of existing X2 HII IE to mitigate the UE to UE interference needs further study. It is possible that the Release 10 Uplink High Interference Indicator IE could be modified to reflect interference received per PRB and as well as per subframe.
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