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1
Introduction 
In last RAN1 #61 bis meeting, the following conclusions for Macro-Femto development DL control channel solutions were made:

· Consider power control and time domain solution as baseline solutions

· Frequency domain solution is not precluded.

· More concrete proposal of each solution should be provided 

· Ensure backwards compatibility to Rel8/9 UE

· Strive for at least one common TDD and FDD solution whenever possible
· Feedback from other WGs should be consolidated to make decision

· Applicability of macro-pico scenario is FFS
In this contribution, we focus on time domain eICIC solutions which include (1) MBSFN subframe solution (2) Almost Blank subframe solution (3) Fake Uplink subframe solution in TDD system. The details and impacts regarding to each solution are provided and compared for facilitate RAN1 making decisions.
2
Discussion

During previous meetings, three mainly time domain approaches are proposed to mitigate the DL control channel interference in HeNB and MeNB:

1) MBSFN subframe solution: the Femto configures some of its DL subframe as MBSFN subframe(s) in which the PDCCH space is restricted to reduce the interference to Macro’s PDCCH.  
2) Almost Blank subframe solution: the Femto configures some of its DL subframe as Almost Blank subframe(s) in which the PDDCH is blanked to avoid the interference on PDCCH. This approach can combine with inter-subframe scheduling to exploit the data transmission on Almost Blanked subframes. 
3) Fake Uplink subframe solution: the Femto configures different UL/DL configuration from the Macro’s to force some of Femto’s UL subframes are overlapped with Macro’s DL subframes in which the Femto’s UL subframe can be blanked by scheduling for avoid the interference on Macro’s DL subframe.
Considering TDD system has more timing constrictions (e.g. HARQ timing, PDSCH/PUSCH scheduling and etc) than FDD system, we elaborate and compare these approaches when they are used in TDD system.
2.1 MBSFN subframe solution
Based on the specified MBSFN configuration rules, only the #3, #4, #7 and #9 subframes could be configured as an MBSFN subframe in TDD. Figure 1 is taking UL/DL configuration #1 as an example to describe the operations and impacts when using MBSFN subframe for Macro-Femto eICIC. 
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Figure 1 MBSFN subframe in UL/DL configuration #1

In Macro, #0, #4, #5, #9 subframes are configured as DL subframes; In Femto, #4 and #9 subframes are configured as MBSFN subframes. Through this kind of configuration, UE’s transmissions could be scheduled with following principles:

· DL traffic 
· An non-victim MUE could be scheduled at: #0, #4, #5, #9 subframes
· An victim MUE could be scheduled at: #4, #9 subframes
· An HUE could be scheduled at: #0, #5 subframes
· UL traffic
· An non victim MUE could be scheduled at: #3, #7, #8, #2 subframes

· An victim MUE could be scheduled at: #7, #2 subframes
· An HUE could be scheduled at:  #3, #7, #8, #2 subframes
We can observe that the usable DL and UL RB for an victim MUE would be reduced to roughly half as compared with those for an non-victim MUE. In additional, the usable RB for a Femto will be also reduced to half as compared with those for a Macro (the UL resources for a Femto can still be indicated by MBSFN subframes). However, the inter-cell interference may occur only when MUE’s location is in the Femto’s coverage. It seems inefficient for a Femto to configure an always-MBSFN subframe when there is no MUE in a Femto’s coverage. Furthermore, following the Rel 8/9 specification, the MBSFN configuration can be dynamic and an eNB can make such notification to its UEs by updating its system information (SIB2, MBSFN-SubframeConfig). As a result, it is a natural way to configure MBSFN subframe dynamically as an eICIC solution. 
Once MBSFN subframe solution is determined as a dynamic function, the remaining issues are when and how to trigger it. Victim UE awareness [1] can be used for a Femto to determine when to enable and disable the MBSFN subframe by discovering the victim MUE. After configuration, a Femto needs to notify the overlapped Macro the number of MBSFN subframe to help MeNB make its corresponding scheduling for the victim MUEs. To avoid the ping-pong effect of enabling and disabling the MBSFN subframe configuration because of “passing-by” MUE, a timer can be applied to control the dynamic configuration. Due to no X2 interface between Macro and Femto, an alternative backhaul for Macro and Femto such like UE relaying [2] is recommended to support the fast notification to utilize the MBSFN subframe solution. 
Observation 1: MBSFN subframe solution seems more appropriate to be a dynamic eICIC function; Victim UE awareness and alternative backhaul are recommended to together support the operation. 
2.2 Almost Blank subframe solution
In our view, an Almost Blank subframe was defined as a DL subframe without PDCCH transmission and other transmissions on that subframe are FFS.  Several contributions [3-5] discuss the concept of inter-subframe scheduling to exploit the PDSCH transmission in Almost Blank subframe and PHICH is also suggested to be transmitted for ensuring the UL HARQ process. Also PSS/SSS/PBCH can be transmitted in the Almost Blank subframe. Following the definitions, Figure 2 is an example which taking UL/DL configuration #1 to describe the operations and impacts when using Almost Blank subframe for Macro-Femto eICIC solutions. In Macro, #0, #4, #5, #9 subframes are configured as DL subframes; In Femto, #5 and #0 subframes are configured as Almost Blank subframes. For PDSCH scheduling in #5 subframe and PUSCH scheduling in #8 subframe (originally be scheduled by PDCCH in #5 subframe) are now indicated by PDCCH in #4 subframe; PDSCH scheduling in #0 subframe and PUSCH scheduling in #3 subframe (originally be scheduled by PDCCH in #0 subframe) are indicated by PDCCH in #9 subframe. Through this kind of configuration, UE’s transmissions could be scheduled with following principles:
· DL 

· An non victim MUE could be scheduled at: #0, #4, #5, #9 subframes

· An victim MUE could be scheduled at: #0, #5 subframes

· An Rel 8/9 HUE could be scheduled at : #4, #9 subframes
· An Rel 10 HUE could be scheduled at: #0, #4, #5, #9 subframes (Rel 10 HUE means supporting the inter-subframe scheduling)

· UL

· An non victim MUE could be scheduled at: #3, #7, #8, #2 subframes

· An victim MUE could be scheduled at: #3, #8 subframes
· An Rel 8/9 HUE could be scheduled at: #7, #2 subframes
· An Rel 10 HUE could be scheduled at: #3, #7, #8, #2 subframes
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Figure 2 Almost Blank subframe in UL/DL configuration #1
We can observe that the usable DL and UL RB for an victim MUE would be reduced to roughly half as compared with those for an non victim MUE. In additional, the usable DL and UL RB for an Rel 8/9 HUE will be also reduced to half as compared with those for Rel 10 HUE. In our perspective, inter-subframe scheduling will be cell specific and it is appropriate to make notifications to UE through system information when a Femto makes such configurations. Based on this perspective and previous observations, Almost Blank subframe with dynamic configuration for Macro-Femto eICIC solution will be more appropriate. 
An alternative Almost Blank subframe solution is shown in Figure 3 where Macro and Femto staggered configure some of their subframe as Almost Blank subframes.
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Figure 3 Staggered Almost Blank subframe in UL/DL configuration #1

With this configuration, UE’s transmissions could be scheduled with following principles:
· DL 

· An Rel 8/9 MUE could be scheduled at: #0, #5 subframes

· An Rel 10 MUE could be scheduled at: #0, #4, #5, #9 subframes

· An Rel 8/9 HUE could be scheduled at : #4, #9 subframes
· An Rel 10 HUE could be scheduled at: #0, #4, #5, #9 subframes 

· UL

· An Rel 8/9 MUE could be scheduled at: #3, #8 subframes

· An Rel 10 MUE could be scheduled at: #3, #7,#8, #2 subframes
· An Rel 8/9 HUE could be scheduled at: #7, #2 subframes
· An Rel 10 HUE could be scheduled at: #3, #7, #8, #2 subframes

We can observe that all Rel 10 UE can enjoy the DL and UL RB in all subframes by this solution. Oppositely, the usable DL and UL RB for Rel 8/9 UEs will be reduced. Another observation is the scheduling will be independent of victim condition but dependent on the backward compatibility supporting. 
Observation 2: Almost Blank subframe solution can utilize the data transmission for Rel 10 UE. A Macro could coordinate with a Femto to configure its subframe as an Almost Blank subframe. Alternative backhaul is recommended to support the coordination for dynamic configuration. Oppositely, victim UE awareness may not be needed in this solution. 
2.3 Fake Uplink subframe solution
The concept of Fake Uplink subframe solution is a Femto applies different UL/DL configuration from Macro’s to make some of Femto’s uplink subframe been aligned with Macro’s downlink subframe. A Femto will not schedule any uplink transmission except ACK/NAK reporting in those aligned uplink subframes (called Fake Uplink subframe). Figure 4 is an example which Macro taking UL/DL configuration #1 and Femto taking UL/DL configuration #0 to create the Fake Uplink subframe and we use this example to describe the operations and impacts when using this approach for Macro-Femto eICIC solutions.
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Figure 4 an example of Fake Uplink subframe 

With the configuration, UE’s transmissions could be scheduled with following principles: 

· DL 

· An non victim MUE could be scheduled at: #0, #4, #5, #9 subframes

· An victim MUE could be scheduled at: #4, #9 subframes

· An HUE could be scheduled at: #0, #5 subframes
· UL

· An non victim MUE could be scheduled at: #3, #7, #8, #2 subframes

· An victim MUE could be scheduled at: #7, #2 subframes
· An HUE could be scheduled at: #3, #7, #8, #2 subframes
The scheduling principles of Fake Uplink subframe solution are identical to that of MBSFN subframe solution but it can avoid the restricted PDCCH space to interfere with Macro’s; however, the risk of this solution is that it may disorder the DL/UL HARQ and make unnecessary retransmission. When UE transmits the ACK/NACK in the Fake Uplink subframe, it would interfere by Macro’s DL transmission and force the retransmission (a Femto may assume a NAK when it can not receive the ACK/NAK from HUE). Due to synchronized uplink HARQ designs, some retransmission will be scheduled at Fake Uplink subframe. For example, if a HUE transmits its data in the #3 subframe and receive NAK in the PHICH of #0 subframe, then the retransmission would be scheduled at the #4 subframe. Unfortunately, under the Fake Uplink subframe configuration, the retransmission is forbidden and will raise another retransmission in next specified subframe. An eNB can modify its UL/DL configuration dynamically and make such notification to its UEs by updating its system information (SIB2, MBSFN-SubframeConfig). As a result, a dynamic Fake Uplink subframe is more appropriate for the eICIC solution to utilize the resources. Similarly, victim UE awareness and alternative backhaul is suggested to support the dynamic configuration. 
Observation 3: Fake Uplink subframe solution has better PDCCH protection than MBSFN subframe solution but it will disorder the HARQ process. Fake Uplink subframe solution seems more appropriate to be a dynamic eICIC function; Victim UE awareness and alternative backhaul are recommended to support the operation together.
3
Conclusions
Since TDD system has several timing constructions during its operations, a time domain based eICIC solution shall consider those effects. Table 1 is the summary of three time domain eICIC solutions. Through our analysis, all three solutions may require equipping a trigger event to dynamically trigger corresponding configurations and exploit the resource efficiency of a Femto. Therefore, we encourage RAN to take victim UE awareness and alternative backhaul into consideration when providing time domain eICIC solution for Macro-Femto DL control channel development. 
Table 1 Summary of time domain eICIC approach
	
	MBSFN subframe solution
	Almost Blank subframe solution
	Fake Uplink subframe solution

	Available DL RB
	Reduced
	Remained for Rel 10 UE
	Reduced

	Configuration limitation
	Limited by specified MBSFN configuration
	None
	Limited by Macro’s DL/UL configuration

	Complexity
	Low
	High
	Medium

	HARQ process
	No impact
	No impact if PHICH is allowed to transmit
	May have unnecessary retransmission

	Back compatibility
	Support
	Support in legacy subframe
	Support by eNB scheduling

	Trigger event
	Dynamic
	Dynamic
	Dynamic

	Additional feature
	Victim UE awareness and  alternative backhaul
	Inter-subframe scheduling, Victim UE awareness and alternative backhaul
	Victim UE awareness and  alternative backhaul

	Application for Macro-Pico
	Do not work when adding bias is high
	Support
	Support


Proposal 1: To get better resources efficiency, dynamic configuration of time domain eICIC solution is suggested.
Proposal 2: Victim UE awareness and alternative backhaul is recommended to support the dynamics.
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