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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. In the previous meetings, many interference coordination solutions such as resource partition [2] ~ [5] and power control [6] have been proposed. After RAN1 #61bis meeting, an email discussion on LS on the proposals for control channel solutions for Macro-Femto deployment was kicked-off which focus on the possible impact on the specification of time domain and power control solutions for interference coordination. In this contribution, we discuss the potential problems in time domain solution from the following aspects:
· Radio link monitoring (RLM) procedure and problem on unnecessary RLF 

· Detection of PSS/SSS and PBCH 

· Channel feedback 

· Interference from CRS
According to the analysis, we identify the standardization points and whether they are necessary to time domain solutions. 
2. Discussion
The motivation of time domain interference coordination 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. Considering the variation of interference degree in different subframes, the time domain resource partition may have some impacts on UE behaviors as follows:
· 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. 
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 to find whether there is any impact to UEs. The detailed simulation setting can be found in appendix A1.
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Fig 1: PCFICH/PDCCH detection performance

From Fig.1, the 10% BLER for PCFICH/PDCCH is about -9.5 dB. Notice that the 5% worst SINR can be approximate to -8dB when power control is applied [6]. In this case, the out-of-sync status due to the neighboring interference will not be triggered for most of UEs even their CRS are interfered much in the victim subframes. From this point, the unnecessary RLF declaration reporting can be solved by HeNB power setting.
Another proposed solution is to have channel quality measurement subframe-specificly [7]. The variation of interference can be reflected and inappropriate RLF declaration can be mitigated. However, additional higher layer signal which is used to inform the UEs the measurement and the needed radio link monitoring set, this cannot let R8/9 users enjoy benefits.
Also in [9], it has been proposed that interfering node perform RE puncture for the REs used by interfered node’s CRS to prevent unnecessary RLF declaration. However, the REs in control region cannot be punctured to guarantee the performance of control channel, so the interference seen in control region may be different with the interference in data region. The RSRQ value for a subframe is an average of CRS in both control region and data region. If the RSRQ for control region is -20dB (the RSRQ for around 10% UEs is lower than -20dB in Macro + Femto scenario as shown in [1]), the average RSRQ value for this subframe is about -14dB when RE puncture is applied for data region, which is lower than the Q_out as shown in Figure 1.So RE puncture cannot completely solve the RLM problem.
Observation 1: The unnecessary RLF declaration problem in time domain solution can be solved by downlink power setting
· 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 2: detection of SCH

As shown in the Fig.2, at -8 dB, the 98% acquisition time is around 500ms when the frequency offset is 10KHz. Notice that the least supported SINR can be approximate to -8dB when HeNB downlink power setting is applied [6]. 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.
Observation 2 : PSS/SSS performances are acceptable when power setting is applied from our simulation. RAN4 can further identify whether the detection performance of SCH can reach the test case requirement.
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Fig 3: detection of PBCH
Figure 3 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 also meets the least supported SINR when HeNB downlink power setting is applied [6].
Observation 3: The performance of PBCH can be guaranteed by HeNB downlink power setting 

· Channel feedback
In [8], it has been argued that CQI feedback limitation to a restricted subframe set can improve the system performance. Actually when interference coordination method is applied, eNB knows in which subframes UE may experience severe interference, and hence eNB can get the CQI information of the wanted subframes or override CQI to achieve the throughput as test case requires. Thus, we do not see any needs of CQI feedback optimization in this release.
Observation 4: No additional improvement is needed to CQI feedback in this release
· Interference from CRS

The CRS need to be transmitted for the time domain solutions to keep the compatibility for R8/9 UEs which may cause interference in both control and data channel.
For the CRS interference in the control channel, downlink power setting can be implemented to guarantee the performance of control channel [6].

For the CRS interference in the data channel seen in some time domain solutions such as configuring almost blank subframe, the reliability of data channel for the interfered node will be degraded from the interference introduced by the CRS of the interfering node. However, this problem can be solved by configuring MBSFN subframe as analyzed in [10]. Another proposal is to puncture the data on REs overlapped with interfering CRS. However, rate matching is not applicable to R8/9 users who will suffer large interference of interference CRS so that there is very low throughput for R8/9 edge users. 
Observation 5: The interference from CRS in control region for time domain solutions can be solved by downlink power setting while the interference from CRS in data channel can be solved by configuring MBSFN subframe.

3. Conclusion
In this contribution, we analyze the RLM and problem on unnecessary RLF, PBCH/SCH detection, CQI feedback and interference from CRS problem to UE side for time domain interference coordination solutions in het-net. Based on the analysis above, we have the following observations:
Observation 1: The unnecessary RLF declaration problem in time domain solution can be solved by downlink power setting
Observation 2: PSS/SSS performances are acceptable when power setting is applied from our simulation. RAN4 can further identify whether the detection performance of SCH can reach the test case requirement.

Observation 3: The performance of PBCH can be guaranteed by HeNB downlink power setting 

Observation 4: No additional improvement is needed to CQI feedback in this release

Observation 5: The interference from CRS in control region for time domain solutions can be solved by downlink power setting while the interference from CRS in data channel can be solved by configuring MBSFN subframe.

As observed, power control in combination with time domain solutions can solve the interference problem with full compatible to R8/9 UEs, we can further study the detail of power control schemes and analyze the possible impact to the specification. Based on all above analysis, the specification points we propose for time domain solutions are:
· eICIC subframe characters: 
· No modification on PSS/SSS, PBCH; 

· MBSFN-like subframe is preferred; 

· No time shifting (symbol/subframe); 

· eICIC subframe pattern exchange: 

· Extend or new signaling 

· Via X2 or S1; 

· Periodically or by Trigger 

·  eICIC subframe pattern Notification: 

· Serving cell notification by RRC or Broadcasting (Need further study in this release) 

· Neighbor Interference cell notification by RRC (TBD in later release) 

· UE measurement and feedback enhancement for eICIC is not needed 
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Appendix:
A1:
	Parameter
	Value

	System bandwidth
	5M

	Antenna configuration:
	1x2

	UE channel estimation
	MMSE with true channel estimation

	Channel: 
	AWGN

	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
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