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1. Introduction
In heterogeneous networks, the interference problem may become serious due to the introduction of low power nodes which leads to low geometries especially in the co-channel deployment scenarios. The low geometries seen in heterogeneous deployments [1] necessitate the use of interference coordination for both control and data channels to enable robust operation. Many interference coordination methods for control channel have been proposed [2] ~ [5]. In RAN1 #62 meeting, coordination of almost blank subframes/MBSFN subframes/ was concluded to be considered as the baseline solution for interference coordination in Macro + Pico scenario. In this contribution, we discuss the performance under different Range Expansion (RE) values for Macro + Pico scenario from the following aspects:

· Radio link monitoring (RLM) procedure and problem on unnecessary RLF 

· Detection of PSS/SSS and PBCH 
· Detection of PCFICH/PHICH/PDCCH
· Analysis on data channel performances using almost blank/MBSFN subframes 
According to the analysis, we identify the appropriate range expansion bias value and discuss details of time-domain ICIC messages and the possible interference coordination process. 
2. Discussion
2.1. Interference condition in Macro-Pico scenario under different RE values 

Fig 1 shows the CDF curve for PUE in Macro-Pico scenario (The detailed simulation parameter can be found in [8]), we can see that in Macro-Pico co-channel deployment scenario, the interference to edge users becomes rather serious with the increase of RE bias value. 
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Fig 1: The CDF curve under different RE bias values in Macro-Pico co-channel deployment
In the co-channel deployment scenario, due to the strong interference from the MeNB to the PUEs, some edge PUEs may suffer low geometries which lead to the unreliable reception of control channel. To guarantee the performance of the cell edge PUEs, time domain interference coordination solutions need to be applied. 
The issues coming from interference condition and potential time domain solutions are listed as follow:

2.1.1 Radio link monitoring
In LTE R8 system, the RLF declaration is based on the RSRQ measurement, and the measurement result is an average value during a certain period. When the measurement result is lower than a predefined value Q_out, UE will indicate out-of-sync status to higher layers. Q_out is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical PDCCH transmission taking the PCFICH errors into account [6]. 

When time domain interference coordination method such as configuring MBSFN subframe or almost blank subframe is applied, interference of those subframes which interfering node limits its transmission is much lower than the rest subframes for interfered users. This may lead to unnecessary RLF declaration. In order to observe the impact degree, the link simulation result is given to find whether there is any impact to UEs. The detailed simulation setting can be found in appendix A1 which is identical to the RAN4 test case.

[image: image2.emf]-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0

10

-4

10

-3

10

-2

10

-1

10

0

Es/No in dB

BLER

 

 

ETU70

AWGN


Fig 2: PCFICH/PDCCH detection performance

As seen from Fig.2, the 10% BLER of PCFICH/PDCCH is about -9.5 dB in AWGN and -6.5 dB in ETU70. Notice that when the 5% worst SINR is around -6.5dB, the corresponding RE bias value is about 7dB in Macro-Pico scenario as shown in Fig 1. So it can be concluded that when the RE bias value is smaller than 7 dB, RLF problem would not be serious (in most of practical cases, it may not even occur) while when the RE bias value is larger than 7dB, restrict RLM measurement at the Rel-10 UE to certain resources should be supported as agreed in RAN1 #62 meeting. The subframe set which is restricted to perform RLM can be informed by system message (option 1) or dedicated signalling (option 2). Option 1 has less overhead cost while option 2 has more flexibility.
Observation 1: When the RE bias value is smaller than 7dB, no additional messages are needed to solve the unnecessary RLF problem while when the RE bias value is larger than 7dB, restrict RLM measurement at the Rel-10 UE to certain resources should be supported.
2.1.2 Detection of PSS/SSS and PBCH
Cell acquisition in LTE relies on cell identification by detection of the Physical Cell ID (PCI) using PSS/SSS signals. Then the most important system parameters (downlink bandwidth, PHICH configuration and SFN) in PBCH can be decoded. Link simulation results are provided to show the time duration of 98% necessary detection probability. Detailed simulation setting can be found in appendix A2:
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Fig 3: detection of SCH

As shown in the Fig.3, at -8 dB, the 98% acquisition time is around 500ms when the frequency offset is 10KHz. Although there is no clear requirement in RAN4 for PSS/SSS performance, from implementation of 2G and 3G, this result is acceptable, which can be further identified by RAN4. Notice that when the 5% worst SINR is around -8dB, the corresponding RE bias value is about 9dB in Macro + Pico scenario as shown in Fig 1. So when the RE bias value is larger than 9dB, additional solutions for interference coordinating of PSS/SSS should be further considered.
Observation 2: When the RE bias value is larger than 9dB, additional solutions for interference coordinating of PSS/SSS should be further considered.
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Fig 4: detection of PBCH

Figure 4 shows the PBCH detection performance for 1x2 antenna configuration (the detailed simulation assumption can be found in A3). The 1% BLER for PBCH detection is about -8.3dB which meets the 5% worst SINR when the RE bias value in Macro + Pico scenario is 10dB.
Observation 3: When the RE bias value is larger than 10dB, additional solutions for interference coordinating of PBCH should be further considered. 

2.1.3 Detection of PCFICH/PHICH/PDCCH

The motivation of coordination of almost blank subframe (MBSFN subframe) is to avoid transmission collision in the same time resource from different layer. In some subframes, the interfering node can limit its transmission to avoid causing excessive interference, while the interfered node can schedule UEs which suffer severe interference from interfering node in these subframes, the only interference is the CRS transmission from interfering node.
As analyzed in [7], the tolerated SINR for PCFICH, PHICH and PDCCH detection is around -8dB, -8dB and -12 dB when time domain interference coordination method (almost blank and MBSFN subframes) only is applied. To guarantee the detection performance of these control channels, the RE bias value should be smaller than 10 dB. When larger RE bias value is applied, other interference coordination solutions should be considered.
Observation 4: When the RE bias value is larger than 10dB, additional solutions besides almost blank subframe/MBSFN subframe for interference coordination should be further considered guaranteeing the detection performance of PCFICH/PHICH/PDCCH.

2.1.4  Analysis on data channel performances using almost blank/MBSFN subframes
For the MBSFN subframes, as the data region is totally blank, there is no interference caused to the data region at victim cell, and hence the data channel can be reliably received. However, for the almost blank subframe, the reliability of data channel at victim cell will be degraded from the interference introduced by the CRS of the aggressor cell. The impact of CRS interference to the data channel has been illustrated in the Fig.5. Detailed simulation setting can be found in Appendix A4. In this simulation, the MCS selection is adaptive to the ACK/NACK feedback of the previous transmission.
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Fig. 5: Victim cell PDSCH performance: Left: non-collision CRS, Aggressor cell  two antenna port with 0/6/12 dB CRS interference. Right: collision CRS, Aggressor cell two antennas ports with 0/6/12 dB CRS interference 
Fig 5 shows that the throughput of PDSCH drops dramatically with the increase of the CRS interference even when the CRS interference from the aggressor cell is 0dB. Note that, there is a large percentage of UEs whose SINR are lower than 0dB. So for general cases, it can be concluded that UE performance degrades dramatically when neighboring CRS interference exists in Macro-Pico scenario. 
Observation 5: with CRS in data channel region, throughput of PDSCH degrades dramatically with the increase of the CRS interference.
2.2. Time domain solutions

As analyzed in the section 2.1, when the RE bias value is small (7dB in our analysis), the control channel performance can be fully solved by coordination using almost blank subframe or MBSFN subframe. For the scenario with large RE bias value, coordination using almost blank subframe or MBSFN subframe is still an efficient way to mitigate the interference problem, however, other solutions need to be further considered. It needs to be noted, in co-channel case, power setting is not suitable to be applied for interference mitigation, as the interfering node is MeNB in Macro- Pico scenario, any power reduction of MeNB’s transmission power will lead to the reduction of the Macro cell coverage.
2.3. Time domain coordination message via X2 interface
For Macro- Pico scenario, X2 interface has already been supported to facilitate the interference coordination. In RAN1 #62 meeting, coordination of almost blank subframe or MBSFN subframe is concluded to be the baseline solution. 
Compared to MBSFN subframe, almost blank subframe has better flexibility but lower resource efficiency. Notice that, the special subframe in TDD can also be configured with interference avoidance function like “MBSFN subframe” when there is no uplink transmission, as long as resources for RACH and SRS are considered enough in the aggressor cell.
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Fig.6 An example of special subframe at Pico

The subframe pattern which is used for interference coordination is essential for the desired message exchange. To better understand the impact to the specification, we give an example of possible subframe pattern which is configured as MBSFN subframe in Appendix B1. Other subframe pattern configured as MBSFN subframe as well as almost blank subframe can also be discussed and supported.
The time domain interference coordination solutions impose the requirement that the almost blank subframe (MBSFN subframe) pattern configuration should be exchanged between eNBs. The information exchanged should be able to support configuring MBSFN subframe only for interference mitigation / MBSFN-like subframe or almost blank subframe respectively and the possible combination of MBSFN subframe for interference mitigation/ MBSFN-like subframe and almost blank subframe. Also, the impact to the specification should be as low as possible. For example, to reduce the impact to the specification, the exchanged almost blank subframe and/or MBSFN subframe pattern can be added to the load information IE which has already been supported in LTE R8 system or to the MBSFN Subframe Info IE which has already been supported in LTE R9 system. The detailed message can be decided by RAN3. In the Appendix B2, illustrations that RNTP and MBSFN Subframe Information are reused to carry the coordinated subframe pattern respectively are given.
3. Conclusion
In this contribution, we analyze the RLM and problem on unnecessary RLF, PBCH/SCH detection, PCFICH/PHICH/PDCCH detection for time domain interference coordination solutions for Macro-Pico scenario. Based on the analysis above, we have the following observations:

Observation 1: When the RE bias value is smaller than 7dB, no additional messages are needed to solve the unnecessary RLF problem while when the RE bias value is larger than 7dB, restrict RLM measurement at the Rel-10 UE to certain resources should be supported.

Observation 2: When the RE bias value is larger than 9dB, additional solutions for interference coordinating of PSS/SSS should be further considered.

Observation 3: When the RE bias value is larger than 10dB, additional solutions for interference coordinating of PBCH should be further considered.  

Observation 4: When the RE bias value is larger than 10dB, additional solutions besides almost blank subframe (MBSFN subframe) for interference coordination should be further considered to guarantee the detection performance of PCFICH/PHICH/PDCCH.

Observation 5: with CRS in data channel region, throughput of PDSCH degrades dramatically with the increase of the CRS interference.

As observed, in Macro-Pico scenario, when the RE bias value is small (7dB in our analysis), time domain coordination solutions (almost blank subframe/MBSFN subframe) can fully guarantee the performance of the control channel and RLF problem is not so serious (in most of cases, the unnecessary RLF problem will not occur). When the RE bias is large, other solutions need to be implemented to solve the detection performance of control channel and unnecessary RLF problem. So before we consider the performance of Macro -Pico scenario, we should firstly clarify:
· Whether RE is needed

· The gains with cell range expansion (CRE) need to be checked by RAN1 [8]. 
· If RE is needed, the RE bias value need to be further considered

· If the RE bias is large, other interference coordination solutions besides time domain solutions need to be studied.

From our point of view, when there is RE (RE > 7dB), the time domain coordination (almost blank/MBSFN subframe) message need to be exchanged between eNBs. To reduce the impact to the specification, the existing IE (such as Load Information or MBSFN Subframe Infor) can be extended including almost blank subframe and/or MBSFN subframe (for interference mitigation) detailed pattern.
From interference mitigation aspect, the MBSFN-like subframe or subframe which has no CRS transmission in data region is preferred. The almost blank subframe should be configured when inevitable consideration on the HARQ process.
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Appendix A: 
A1:

	Parameter
	Value

	System bandwidth
	5M

	Antenna configuration:
	2x2

	UE channel estimation
	MMSE with true channel estimation

	Channel: 
	AWGN/ETU70

	Modulation:
	QPSK with 1/3 coding rate

	Number of control symbols
	3 OFDM symbols

	DCI format
	DCI format 1A (27 source bits)

	CCE Aggregation
	8 CCE


A2:

	Parameter
	Value

	System bandwidth
	20M

	PRB occupied for SCH 
	6

	Channel: 
	ETU300

	Antenna configuration
	1x2

	Frequency alleviation
	5KHz, 10KHz


A3:

	Parameter
	Value

	System bandwidth
	1.4M

	Antenna configuration:
	1x2 

	UE channel estimation
	MMSE with true channel estimation

	Channel: 
	LTE-ETU70

	Channel correlation
	Low


A4:
	Parameter
	Value

	System bandwidth
	10M

	Antenna configuration:
	2 x2

	UE channel estimation
	MMSE with true channel estimation

	Channel: 
	LTE-ETU5

	Channel correlation
	LOW

	Number of control symbols
	1 OFDM symbol

	Occupied PRBs
	6

	HARQ enabling
	YES

	AMC enabling
	YES

	Target BLER
	10%

	Tx mode
	3


Appendix B:
B1:
The subframes which can not be configured as MBSFN subframe are 0,4,5,9 for FDD in LTE R8. In FDD system, when interfering node configures MBSFN subframe in subframe n, as the ACK/NACK feedback for the PUSCH scheduled in subframe n is transmitted in subframe n+8 which perhaps cannot be configured as MBSFN subframe, the ACK/NACK feedback for the UL transmission scheduled by uplink grant in subframe n cannot be reliably received. 
A possible solution is to restrict the subframe where interfered node schedule uplink grant for the UEs who suffer from severe interference, e.g. only in subframe 3 (the ACK/NACK feedback for the UL transmission scheduled by uplink grant in subframe 3 is transmitted in subframe 1 which can be configured as MBSFN subframe at interfering node) or subframe 8 (the ACK/NACK feedback for the uplink grant scheduled in subframe 8 is transmitted in subframe 6 which can be configured as MBSFN subframe for interfering node) as shown in Fig. 7 which illustrates the all opportunities for MBSFN subframe configuration.
In one HARQ period, with four MBSFN subframes, at least two UL HARQ processes and four DL HARQ processes can be guaranteed for edge interfered UE. If there is less UL load or more DL traffic requirement, more DL HARQ processes are possible (6 per frame as shown in Fig.6)
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Fig. 7: MBSFN subframe pattern (FDD)
The subframes which can not be configured as MBSFN subframe are 0,1,5,6 for TDD in LTE R8. In TDD system, HARQ process number would be larger than 8. MBSFN subframes and almost blank subframes allocation selection is more limited than that in FDD because of UL/DL configuration. ACK/NACK feedback of UL subframes in TDD was well designed and associated with MBSFN subframe configuration, so that the subframe where UL grant is assigned is also the subframe where feedbacks ACK/NACK. However, configuring MBSFN subframe cannot be applied to TDD configuration 0 and 6. Figure 8 shows the possible configured MBSFN subframe pattern for TDD configuration 1 by which 2 DL and 2 UL HARQ process can be promised.
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Fig.8: MBSFN subframe pattern (TDD configuration 1)
B2:
Table 1: RNTP with coordinated subframe pattern (one radio frame)

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	RNTP Per PRB
	M
	
	BIT STRING (6..110, …)
	Each position in the bitmap represents a nPRB value (i.e. first bit=PRB 0 and so on), for which the bit value represents RNTP (nPRB), defined in [11]. 

· Value 0 indicates "Tx not exceeding RNTP threshold". 

Value 1 indicates "no promise on the Tx power is given"
	–
	–

	RNTP Threshold
	M
	
	ENUMERATED (-∞, -11, -10, -9, -8, -7, -6, -5, -4, -3, -2, -1, 0, 1, 2, 3, …)
	RNTPthreshold is defined in [11]
	–
	–

	Number Of Cell-specific Antenna Ports 
	M
	
	ENUMERATED (1, 2, 4, …)
	P (number of antenna ports for cell-specific reference signals) defined in [10]
	–
	–

	P_B
	M
	
	INTEGER (0..3, …)
	PB is defined in [11]
	–
	–

	PDCCH Interference Impact
	M
	
	INTEGER (0..4, …)
	Measured by Predicted Number Of Occupied PDCCH OFDM Symbols (see [10]).

Value 0 means "no prediction is available"
	–
	–

	Coordinated subframe pattern
	M
	
	Integer STRING(0…10)
	Value 0 indicates “normal transmission in this subframe”.

Value 1 indicates “MBSFN subframe for interference coordination”
Value 2 indicates ”almost blank subfame for interference coordination”
	–
	–


Table 2 MBSFN Subframe Info with coordinated subframe pattern(one/four  radio frame)
	MBSFN Subframe Info
	
	0 to maxnoofMBSFN
	
	MBSFN subframe configration information defined in ref. [9]
	GLOBAL
	ignore

	>Radioframe Allocation Period
	M
	
	ENUMERATED(n1, n2, n4, n8, n16, n32, …)
	
	–
	–

	>Radioframe Allocation Offset
	M
	
	INTEGER (0..7, ...)
	
	–
	–

	>Subframe Allocation
	M
	
	9.2.51
	
	–
	–

	>MBSFN Coordination Usage
	M
	
	Bit string(0..5)

Or

Bit string(0..23)


	value 1 represents”this subframe is used for interference coordination” 
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