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1. Introduction
At RAN1#62, a WF on non-CA based enhanced ICIC was agreed in [1] for both macro-femto and macro-pico scenarios. In this contribution, we present our views on the implementation of the WF agreement with respect to the macro-femto deployment from an FDD perspective. The macro-pico deployment case is considered in [2].
2. Discussion
The main motivation for introducing non-CA based enhanced ICIC for macro-femto deployments is to protect macro users in the vicinity of a Home eNB, operating in closed access mode, for declaring radio link failure. The baseline ICIC mechanisms to handle such scenario are HeNB output power setting schemes in addition to time domain based inter-cell coordinated scheduling restrictions. In contrast to the macro-pico deployment case, this coordination cannot rely on backhaul signaling via X2 as RAN3 has agreed that backhaul signaling between a macro eNB and a HeNB (operations in closed access mode) will not be supported, as a home deployed HeNB is to be seen as a node with unpredictable behavior. Another fundamental difference with respect to open access operations is that the network cannot protect legacy users (or users not capable of operating in very low geometries) from exceptional high inter-cell interference.
Some companies have previously proposed over-the-air (OTA) signaling between network nodes, possibly using some UE relaying. However, as peer-to-peer communications between macro eNBs and HeNBs (CSG) is not supported within the LTE network architecture, wireless backhaul solutions don’t seem to be an option for Rel-10 and beyond either. Hence, a static approach that does not rely on any type of backhaul signaling between a macro and a HeNB shall be considered.
In a time domain based eICIC macro-femto approach, inter-cell scheduling restrictions are introduced to create a low interference subframe (LIS) at the HeNB layer. A LIS can either be an almost blank subframe (ABS) or an MBSFN subframe, where an ABS in this presentation always refers to a subframe with CRS transmissions in the data region. It is desired to configure a LIS pattern in the HeNB cells with the following characteristics (in the context of FDD): 
1. Align with 8 ms uplink HARQ timing.

2. Enable ICIC of PBCH and synchronization signals by means of subframe offsets
3. SIB1 and paging messages related to femto cells are transmitted in normal subframes
4. SIB1 and paging messages related to macro cells are transmitted in normal subframes aligned with LIS
Alignment with 8 ms uplink HARQ timing implies here that a PHICH will not be transmitted in a LIS, and that a macro victim UE can receive PHICH in subframes aligned with LIS. SIB1 is transmitted in subframe #5 in every even radio frame. In the case of FDD deployments and idle mode operations, the subframe position(s) within a radio frame for paging occasions (PO) are {9}, or {4, 9}, or {0, 4, 5, 9}. 
Figure 1 depicts LIS patterns (Femto/HeNB layer) where the upper part of the figure relates to PO in subframe #9 only and the lower part relates to PO within {4, 9}. It can be noticed for PO in subframe #9 only that a minimum LIS density of 22.5%, i.e. 9 out of 40 subframes are LIS, will be required to align with the desired characteristics above. From figure 1 we observe that the majority of the LIS subframes are MBSFN subframes, and only two LIS needs to be ABS to align with 8 ms uplink HARQ timing (green subframes). Furthermore, in order to align with the above desired pattern characteristics, some normal subframes (blue subframes) need to be dedicated for downlink assignments only to avoid PHICH transmissions either in a LIS or potentially in severely interfered subframes at the macro layer (orange subframes).  From the lower part of figure 1, it seems difficult to avoid PHICH transmissions in LIS if the paging occasions in {4, 9}, and thus in {0, 4, 5, 9}, shall be supported for paging in every radio frame. 

ICIC of PBCH/PSS/SSS is achieved by restricting the HeNB scheduler to not schedule users in the middle 6 RBs of subframes that align with subframe #0 and #5 in the macro cell.
Based on the discussions above, we propose the following:
Proposal 1: A HeNB operating in CSG mode shall configure a static low interference subframe (LIS) pattern with following characteristics:
1. Comprises of a set of normal subframes that aligns with 8 ms uplink HARQ timing
a. Normal subframes not part of the set shall be dedicated for DL assignments only
2. Comprises of a set of LIS subframes that aligns with 8 ms uplink HARQ timing  

3. Enables ICIC of PBCH/PSS/SSS by means of subframe offsets

4. Enables SIB1 and paging messages, related to femto, to be sent in normal subframes

a. Paging in subframe #9 only

5. Enables SIB1 and paging messages, related to macro, to be sent in normal subframes aligned with LIS
6. Enables maximum number of LIS subframes to be configured as MBSFN subframes
Proposal 2: A HeNB operating in CSG mode shall not schedule users in the middle 6 RBs in subframes that align with subframe #0 and #5 in the macro cell.
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Figure 1  LIS patterns at the Femto/HeNB layer for different paging configurations
Common reference symbols (CRS) are transmitted in all subframes and will be an interference source towards macro users in the vicinity of a HeNB operating in closed access mode. Considering the LIS patterns depicted in figure 1, most of the LIS refer to MBSFN subframes which do not contain CRS in data regions. All LIS though transmit CRS in the control region.

In order to mitigate high inter-cell interference from HeNB CRS towards macro victim users, different approaches can be anticipated depending on what can be assumed on when to deploy HeNBs on the same carrier as the macro. Two different scenarios are discussed below:

Co-channel deployments of macro cells and HeNB CSG cells in non-isolated radio environments with dense populations, and where macro (open access) coverage already exists, 
· Will not be considered until the number of legacy users in the system is relatively low.
· Can be considered even though the number of legacy users in the system is high.
If assuming the first scenario, a solution for mitigating HeNB CRS interference could focus on reducing the impact on macro victim users in Rel-10 and beyond, whereas assuming the other scenario solutions for legacy operations in potentially very low geometries need to be considered.
If considering co-channel deployments of HeNB, our preference would be to provide a non-CA based eICIC solution which focus on reducing the impact on victim macro users in Rel-10 and beyond. 
Thus, the following solution to mitigate HeNB CRS interference is proposed:
Proposal 3: 

· A HeNB transmit CRS in LIS subframes on antenna port 0 only.
· A macro victim UE perform RLM/RRM/CSI measurements on specific resource elements that aligns with HeNB muted resource elements.

· A macro eNB schedules victim users in subframes aligned with LIS.
· Semi-static RRC signaling of the length of the control region
· A macro victim UE puncture highly interfered resource elements in the decoding process of PDCCH, and of PDSCH in the case of LIS being a non-MBSFN subframe.  
It was concluded in [3], that puncturing of potentially strongly interfered resource elements in the receiver is an efficient way to limit the PDCCH degradation, in particular in combination of reducing number of antenna ports in LIS. Furthermore, as was observed in [4], PCFICH will limit the possibility to detect PDCCH at low geometries; thereof the need for semi-static RRC signaling of the length of the control region (same reasoning as for semi-static RRC signaling in CA-based deployments of heterogeneous networks). Although the proposal 3 focus on reducing HeNB impact on macro victim users in Rel-10 and beyond, also legacy victim users will benefit from a LIS pattern, HeNB CRS transmissions on antenna port 0 only in LIS, and that a LIS pattern with characteristics of Proposal 1 can be constructed in a way that only two out of eleven LIS have CRS transmissions in the data region. Evidently, the macro scheduler prioritizes to schedule legacy victim users in subframes aligned with the MBSFN subframes of the LIS pattern.
Solutions that focus on minimizing impact of HeNB CRS interference towards legacy users would need to take into account that legacy UEs perform RLM/RRM measurements in arbitrary subframes (not specified in Rel-8/9) and that the receiver design may not include puncturing of resource elements that might be severely interfered, or other inter-cell interference mitigating schemes. HeNB output power setting schemes can reduce HeNB CRS impact on the macro victim users, but can most likely not prevent some macro victim UEs to declare RLF. Given that Rel-8/9 terminals perform RLF/RRM measurements on CRS, muting of HeNB data resource elements colliding with macro CRS (assuming frequency shifted with respect to HeNB) would reduce the risks that macro victim UEs declare RLF due to high HeNB interference.
3. Conclusion
In this contribution, handling of inter-cell interference in Macro-Femto scenarios was discussed in the context of FDD deployments of heterogeneous networks. The design of low interference subframe (LIS) patterns were considering with respect to uplink HARQ timing as well as transmissions of SIB1 and paging messages. It was concluded that it is possible to construct a LIS pattern that comply with desired characteristics.
The following were proposed with respect to desired LIS characteristics:
Proposal 1: A HeNB operating in closed access mode shall configure a static low interference subframe (LIS) pattern with following characteristics:

1. Comprises of a set of normal subframes that aligns with 8 ms uplink HARQ timing

a. Normal subframes not part of the set shall be dedicated for DL assignments only

2. Comprises of a set of LIS subframes that aligns with 8 ms uplink HARQ timing  

3. Enables ICIC of PBCH/PSS/SSS by means of subframe offsets

4. Enables SIB1 and paging messages, related to femto, to be sent in normal subframes

b. Paging in subframe #9 only

5. Enables SIB1 and paging messages, related to macro, to be sent in normal subframes aligned with LIS

6. Enables maximum number of LIS subframes to be configured as MBSFN subframes

Proposal 2: A HeNB operating in CSG mode shall not schedule users in the middle 6 RBs in subframes that align with subframe #0 and #5 in the macro cell.
We stated that, if considering co-channel deployments of HeNB, our preference would be to provide a non-CA based eICIC solution with focus on reducing the HeNB impact on macro victim users in Rel-10 and beyond. 

The following was proposed with respect to mitigating HeNB CRS inter-cell interference: 
Proposal 3: 

· A HeNB transmit CRS in LIS subframes on antenna port 0 only.

· A macro victim UE perform RLM/RRM/CSI measurements on specific resource elements that aligns with HeNB muted resource elements.

· A macro eNB schedules victim users in subframes aligned with LIS.

· Semi-static RRC signaling of the length of the control region

· A macro victim UE puncture highly interfered resource elements in the decoding process of PDCCH, and of PDSCH in the case of LIS being a non-MBSFN subframe.  

We noticed that although the proposal 3 focus on reducing HeNB impact on macro victim users in Rel-10 and beyond, also legacy victim users will benefit from introducing a LIS pattern, HeNB CRS transmissions on antenna port 0 only in LIS, and that a LIS pattern with characteristics of Proposal 1 can be constructed in a way that only two out of eleven LIS have CRS transmissions in the data region.
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