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1. Introduction
In heterogeneous networks, the interference problem may become serious due to the introduction of lower 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 61bis meeting, power control and time domain solution are concluded to be considered as the baseline solutions for the control channel interference coordination in Macro + Femto scenario. After 61bis meeting, an email discussion on LS on the proposals for control channel solutions for Macro-Femto deployment was kicked-off which includes the impact to the specification for time domain solutions. 
For two main solutions in time domain – MBSFN-like subframe and almost blank subframe, further analysis  are provided from the aspects of data channel reliability, impact to the specification and flexibility in this contribution.
2. Time Domain Solutions
The motivation of time domain solution is to avoid transmission collision in the same time domain resource, two methods can be considered:
· Solution 1: configuring MBSFN subframe[2]

In this method, some subframes of interfering node are configured as MBSFN subframes to avoid completely interference in control channel. As illustrated in Figure 1, in these subframes, only CRS in control region as well as necessary control information (if needed) are transmitted for interfering node, the UEs which suffer severe interference served by interfered node can be scheduled in these subframes.
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Figure 1: configuring MBSFN subframe

· Solution 2: configuring almost blank subframe[5]
Similar to solution 1 which is characterized by lack of unicast PDSCH transmissions, configuring almost blank subframes can also avoid collision for different layers. In the almost blank subframes, some necessary control information is transmitted for interfering node, as well as the CRS in both control and data region.
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Figure 2: configuring almost blank subframe
As seen in Fig 1 and 2, from the subframe structure, the main difference for between MBSFN subframe and almost subframe is whether the CRS in data region is transmitted or not. 
3. Discussion
Considering the system performance and impact to specs, the following aspects are analyzed.  
3.1. Reliable of data channel

For the MBSFN subframes, as the data region is totally blank, there is no interference caused to the data region of the interfered node, and hence the data channel can be reliably received. However, for the almost blank subframe, the reliability of data channel for the interfered node will be degraded from the interference created by the CRS of the interfering node. The impact of CRS interference to the data channel has been illustrated in the Fig.3., QPSK and 1/3 coding rate are applied to the data channel, and the other detailed simulation assumption can be found in the Appendix:
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Figure 3: Interfered node PDSCH performance(QPSK, 1/3 coding rate): Left: Interfering node single antenna port with 0/10/20/30 dB CRS interference. Right: Interfering node two antennas ports with 0/10/20 dB CRS interference 
Figure 3 shows that the BLER of PDSCH drops dramatically with the increase of the CRS interference. In the case of the interfering node with single antenna port, the BLER of PDSCH gets an error floor when the CRS interference from the interfering node is equal or higher than 20dB. In the case of two antenna ports applied for interfering node, the BLER of PDSCH gets an error floor even when the CRS interference is only 10dB. As shown in [1], the SINR for around 10% UEs is lower than -20dB in Macro + Femto scenario which means an unslightable number of UEs will have performance decrease due to the CRS interference. So for general cases, it can be concluded that UE performance degrade dramatically when neighboring CRS interference exists, particularly in Macro-Femto scenario.
Observation 1: CRS interference in the data region impacts the performance seriously. To guarantee the data channel reliability, MBSFN-like subframe needs to be configured. 
3.2. Information exchange requirement
From the physical layer point of view, solution 1 and solution 2 could maintain the backward compatibility to Rel.8/9 from UE side. However, both solutions require information exchanged between interfering and interferd nodes.
For solution 1, the configured MBSFN subframes pattern which is used for interference coordination needs to be exchanged. The number of bits indicating neighboring cell MBSFN configuration is 12 bits for one frame and 30bits for four frames [6] including frame allocation/offset information and MBSFN subframe bitmap. The information exchange of neighboring cell MBSFN configuration has already been supported when X2 interface exists since Rel-9. It is also possible to introduce interference-related signaling design to reduce exchange overhead even when there is X2 interface. When no X2 interface is defined for low power nodes, additional signaling design on the backhaul linkage shall be considered. 
For solution 2, the configured almost blank subframe pattern is needed to be exchanged, that requires additional signaling design on the backhaul linkage.
Considering the detailed signaling design, two options can be considered. One option is to reuse the current information exchange of MBSFN configuration; the other is to design new eICIC subframe pattern. The first option may have less impact on the RAN2/3 specs, and RAN2/3 can determine the detailed signaling design finally.

Observation 2: Information exchange of eICIC subframe pattern is necessary for both solutions. Reusing the current information exchange of MBSFN configuration will less impact the RAN2/3 specs.
3.3. Flexibility
The flexibility of time domain solution is limited by the transmission of some specific channels located in fixed time occasion such as PBCH/SCH/Paging.
The subframes which can not be configured as MBSFN subframe are 0,4,5,9 for FDD and 0,1,5,6 for TDD. 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 Figure 4. Hence, 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.4). Figure 4 shows the all opportunities for MBSFN subframe configuration.
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Figure 4: MBSFN subframe pattern
From this point, almost blank solution has more flexibility. If there are half time resources configured as almost blank subframes, then there are four UL/DL HARQ process during 8ms. However, the same as MBSFN-like configuration, when any almost blank subframe is located on 0,4,5 or 9 for FDD system, the control channel needs to keep control signaling for scheduling of system information and paging as well as symbols for SCH and PBCH, that inevitably will interfere the neighboring cell UE. 

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. This problem is the similar to MBSFN and almost blank subframe solutions.  However, configuring MBSFN subframe cannot be applied to TDD configuration 0 and 6 [2].

Observation 3: Consequently, solution 2 is better than solution 1 from the aspect of flexibility.
4. Conclusion
In this contribution, we compare the performance of configuring MBSFN subframe (solution 1) and almost blank subframe (solution 2). As discussed above, No matter which time domain schemes are used for interference mitigation, the information exchange on eICIC subframe pattern is needed between Macro node and low power node. The interference of CRS is crucial for almost blank subframe type. Unless we decide to give up any data transmission of edge MUE and only keep the control channel workable, we shall pursue MBSFN-like subframe type although the flexibility when using the current MBSFN configuration is limited. Furthermore, configuring MBSFN subframe and extend the exchanged information is easier based on the existing X2 IE.  So we propose to apply MBSFN-like subframe type for time domain interference control scheme and consider information exchange based on its configuration.
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Appendix:

	Parameter
	Value

	System bandwidth
	5M

	Antenna configuration:
	1x2 or 2 x2

	UE channel estimation
	ZF with true channel estimation，

	Channel: 
	LTE-ETU

	UE speed:
	3 km/h

	Channel correlation
	Medium

	Modulation:
	QPSK with 1/3 coding rate

	Number of control symbols
	2 OFDM symbols

	HARQ enabling
	NO
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