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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 discuss details on the implementation of the WF agreement with respect to the macro-pico deployment from an FDD perspective.
2. Discussion
Almost blank subframe (ABS) patterns
Non-CA based enhanced ICIC in time aims for introducing inter-cell coordinated scheduling restrictions, primarily on the unicast traffic, by configuring patterns of low interference subframes such as MBSFN subframes or/and almost blank subframes on the aggressor (macro) layer. The main motivation for also considering almost blank subframes (with CRS in data region) in addition to current MBSFN subframes is the additional flexibility following by having the possibility to be configured in any subframe location within a radio frame. In the following subsections, almost blank subframes will be discussed in the context FDD deployments and in the context of 
· Uplink HARQ timing alignments
· ICIC of PBCH and PSS/SSS transmissions

· ICIC of SI messages and paging messages
In the subsequent discussions we assume that almost blank subframes are introduced at the macro layer, although there could be scenarios motivating almost blank subframes at the pico layer as well. 

Uplink HARQ timing
The main disadvantage of using MBSFN subframes only for time domain based eICIC is that it is not possible to set up a pattern of MBSFN subframes that matches the uplink HARQ timing of 8 ms in FDD. The consequence of not being aligned with the uplink HARQ timing is clearly that PHICH transmissions on one layer may (severely) interfere towards the control region of other layer(s). Therefore, it is desired to configure a pattern of low interference subframes that aligns with the uplink HARQ timing, i.e.

· ABS/MBSFN in subframe n ( ABS/MBSFN in subframe n+8
Two examples of set of almost blank subframe patterns that align with the uplink HARQ timing are depicted in figure 1 and figure 2. In these particular cases, patterns depicted in figure 1 strive, for a given ABS density, to introduce short time delays between ABS occurrences whereas the configurations depicted in figure 2 strive to maximize the number of consecutive almost blank subframes. From these figures we notice the 40 ms periodicity of the patterns (following by 8 ms HARQ timing) and the 12.5% density interval of almost blank subframes. 
Observation: With a bitmap of 40 bit, all possible ABS configurations aligning with 8 ms uplink HARQ timing can be addressed in FDD deployments of heterogeneous networks.
As will be discussed in section 2.1.3 and section 2.1.4, not all configurations are suitable to use when taking other legacy aspects into account than uplink HARQ timing only.
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Figure 1 A set of ABS patterns aligned with 8 ms uplink HARQ timing
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Figure 2 Another set of ABS patterns aligned with 8 ms uplink HARQ timing
Further refinements of the density of almost blank subframe patterns can be accomplished by adding an almost blank subframe to the patterns of figure 1 and figure 2. However, corresponding subframe at the pico layer would then need to be “dedicated” for downlink assignments only as a request of avoiding PHICH transmissions at the pico layer that coincide with a normal subframe at the macro layer. Figure 3 illustrates the refinement of the ABS granularity in which the blue subframes are preferably used by the pico for scheduling downlink data transmissions of cell edge users operating in a very low geometry.
Observation: A corresponding normal subframe at the pico layer of an ABS at the macro layer that does not follow an ABS pattern aligning with 8 ms uplink HARQ timing should preferably be used for downlink assignments.
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Figure 3 Refining the ABS density by dedicating some subframes for DL assignments only on the pico layer
PBCH and synchronization signals

It has previously been proposed for FDD to introduce a subframe offset as a tool for providing ICIC of PBCH and PSS/SSS across layers. By knowing this offset, a scheduler at MeNB avoids scheduling data in the middle 6 RB’s in subframes that align with subframe #0 and #5 at the pico layer. From an uplink HARQ timing perspective, the PBCH and the synchronization signals may need to be transmitted in some almost blank subframes. Hence, the pico eNB should take that into account when scheduling cell edge users.
Observation: No specification need for handling ICIC of PBCH and synchronization signals in FDD deployments of heterogeneous networks using almost blank subframes.
System information messages
System information messages are transmitted using DL-SCH, with corresponding PDCCH masked by SI-RNTI. The positions within a radio frame where SI messages are scheduled are flexible in time and frequency, except for the SI message carrying SIB1 which is always scheduled in subframe #5 in every even radio frame. If PDCCH can be detected reliably, interference coordination of SI can be handled in the same way as ICIC of data in Rel-8. However, a cell edge pico user operating in very low geometry may not be able to detect PDCCH reliably, and thus SIB1.

As the general idea of introducing eICIC, and in particular the almost blank subframes, is to coordinate interference towards the control region across layers, transmission of PDCCH should preferably not occur in almost blank subframes also in the case of non-unicast
. By introducing the constraint of having subframe #5 in even radio frames as a normal subframe, not all uplink HARQ timing aligned almost blank subframe configurations can be considered. For example, we observe from figure 2 that configurations containing more than three consecutive almost blank subframes cannot then be used. Another observation is that an almost blank subframe with periodicity of 20 ms is required in order for a pico cell edge UE operating at very low geometries to receive SIB1. This implies e.g. that pattern #1 in figure 1 cannot directly be considered without introducing some additional almost blank subframes, preferably dedicated for DL assignments only at the pico layer. Figure 6 illustrates a revised pattern #1 with one normal subframe replaced by an almost blank subframe allowing for subframe #5 in even radio frames to be a normal subframe.
Observation: A minimum ABS density of 15% is required for aligning with 8 ms uplink HARQ timing and supporting SIB1 transmissions in normal subframes on both layers.
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Figure 4 An ABS configuration with SIB1 transmissions in a normal subframe on both layers
Figure 5 illustrates a set of ABS configuration where all patterns align with 8 ms uplink HARQ timing; provide the possibility to set up SIB1 transmissions in normal subframes on both layers as well as having the possibility to introduce a subframe offset for ICIC of PBCH and the synchronization signals across layers. 
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Figure 5 A set of ABS configurations supporting SIB1 transmissions in normal subframes on both layers as well as aligning with 8 ms uplink HARQ timing
Paging messages
Paging messages are transmitted using DL-SCH, with corresponding PDCCH masked by P-RNTI. In the case of FDD deployments and idle mode operations, the position(s) within a radio frame for paging occasions are either {9}, or {4, 9}, or {0, 4, 5, 9}. If PDCCH can be detected reliably, interference coordination of paging messages could in principle be handled in the same way as ICIC of data in Rel-8. Given that a UE always camp on the cell with strongest downlink received signal, the detection of PDCCH masked with P-RNTI will be reliable. 
The potential issue here refers to avoiding paging messages being transmitted in an almost blank subframe of ABS configurations that align with 8 ms uplink HARQ timing. For the paging configurations {4, 9} and {0, 4, 5, 9}, we observe that not all paging occasions follow an interval of 4 subframes, indicating that there could be difficult to avoid paging occasions in almost blank subframes of ABS configurations aligned with 8 ms uplink HARQ timing. 
Observation: For paging occasions in subframe #9 only, paging messages can be transmitted in normal subframes for ABS configurations up to a 50% ABS density in which all ABS align with 8 ms uplink HARQ timing.
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Figure 6 ABS configurations in which paging occasion in subframe #9 always occurs in a normal subframe
The ABS configurations depicted in figure 6 could be seen as a set of base configuration for FDD deployments of heterogeneous networks in which all configurations:

1. Align with 8 ms uplink HARQ timing.

2. Enable ICIC of PBCH and synchronization signals across layers

3. Enable SIB1 and paging transmission in normal subframes
On top of these base configurations, additional ABS density can be achieved by adding almost blank subframes to the base configurations, though avoiding subframe #9 in all radio frames and subframe #5 in even radio frames. The corresponding subframes at the pico layer should be dedicated for downlink assignments of user operating at low geometries in order to avoid strong interference from the macro layer on PHICH. Figure 7 illustrates how the ABS density of base configuration 4a) can be extended by adding almost blank subframes. Which base configuration to extend subframes for “downlink assignments only” could depend on the uplink traffic load at the pico layer. 
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Figure 7 Extending the ABS density of a base configuration 
Signaling aspects

Backhaul link
Depending on the need of flexibility, different formats of the backhaul signaling of ABS configurations can be anticipated. From section 2.1, it is however clear that far from all combinations of possible configurations supported by a bitmap of 40 bit is suitable when taking different FDD legacy aspects into account. In choosing between flexibility versus potential bit optimization on the backhaul signaling, flexibility is here to prefer as long as the signaling is of semi-static nature. At least three alternatives for backhaul link signaling can be considered:
Alternative 1: Define a set of pre-configured ABS configurations of 40 ms periodicity, reflecting certain ABS flexibilities/densities, where the set includes e.g. the base configurations depicted in figure 6.
Alternative 2: Define two backhaul messages where one message signals a configuration from a set of base ABS configurations (e.g. those depicted in figure 6, or a subset of them) whereas the other one signals a pattern of almost blank subframes on top of those related to a base configuration.
Alternative 3: Combine the two message types of Alternative 2 into one message.
Alternative 1 with e.g. 3 or 4 signaling bits would likely be sufficient for many heterogeneous scenarios but may not be sufficiently flexible in all cases. Alternative 2 can provide full flexibility and is of interest if there is a performance advantage of changing the ABS density within a shorter time scale than 40 ms. Alternative 3 provides full flexibility given that there is no, or minor, performance advantages of changing ABS density (or configuration) more often than every 40 ms. The potential benefits of a fast mode (or dynamic mode) for changing ABS configurations over the backhaul link need to be carefully evaluated.
Proposal: Semi-static solution for backhaul signaling of ABS configurations as baseline.
In the discussions in section 2.1, we illustrated low interference subframes as being almost blank subframes. However, low interference subframes belonging to the set {1, 2, 3, 6, 7, 8} of subframe numbers could also refer to MBSFN subframes. Two alternatives for signaling subframe types could be: 

Alternative A: Two states, indicating normal subframe and low interference subframe (could be either ABS or MBSFN for low interference subframes belonging to subframe indices of the set {1, 2, 3, 6, 7, 8}).
Alternative B: Three states, indicating normal subframe, almost blank subframe and MBSFN subframe.
Clearly, an MBSFN subframe introduces less inter-cell interference than an ABS with CRS sent in the data region. Such information could potentially be useful in the selection of an MCS. Moreover, it could potentially be useful to inform a UE operating at very low geometry about the type of low interference subframe used at the other layer.
In addition to protocol aspects related to the backhaul link signaling, RAN3 would also need to consider time synchronization aspects between nodes.

Access link
Which subframes to base RLM and RRM measurements on is not specified in Rel-8/9. For pico cell edge users capable of operating at very low geometries, restricting measurements to subframes aligned with the almost blank subframes at the macro layer would be needed to avoid potentially unnecessary radio link failures and incorrect mobility handling. Multiple measurement configurations can be foreseen, but a plurality of supporting configurations would impact on RAN4 test cases. An alternative to configurable subframes to perform measurements on is to base the measurements on synchronization signals. At least three alternatives can be anticipated for RLM/RRM:
Alternative 1: Base RLM/RRM measurements on subframes signaled by higher layer.
Alternative 2: Base RLM/RRM measurements on subframes aligned with almost blank subframes of the base ABS configuration of lowest density, e.g. configuration #1 in figure 6.
Alternative 3: Base RLM/RRM measurements on synchronization signals.
Both Alternative 2 and 3 do not require higher layer signaling of a particular set of subframes to perform measurements on, but in the case of Alternative 2 there would be a need to agree on a certain base ABS configuration. Hence, Alternative 2 is related to Alternative 1 in section 2.2.1. The feasibility of the above alternatives with respect to required number of measurement subframes within a certain time frame for achieving acceptable performance would need to be studied by RAN4. The feasibility of RLM/RRM measurements on synchronization signals in heterogeneous deployments would also need RAN4 studies.
Proposal: RLM/RRM measurements on synchronization signals as baseline.
Higher layer signaling of semi-statically changing ABS configurations could be of interest to potentially reduce UE receiver complexity. The alternatives would be to let the UE detect high interference subframes and then impose some particular receiver processing, or perform same receiver processing independently of subframe type. One example, motivating different receiver processing for different types of low interference subframes, would be to avoid potential performance degradation by unnecessary CRS suppression in the data region if the low interference subframe refers to an MBSFN subframe. Furthermore, CSI reports should preferably reflect the status in subframes in which the UE will be scheduled within, and thus there appears to be a need of subframe type awareness.
As was observed in [3], PCFICH will limit the possibility to detect PDCCH at low geometries. Hence,  
Proposal: Possibility of semi-static RRC signaling of the length of the control region also in non-CA based heterogeneous deployments.
3. Conclusion
In this contribution, details of almost blank subframes (ABS) were discussed in the context of FDD deployments of heterogeneous networks. 
Following observations were made on details of almost blank subframes:
· With a bitmap of 40 bit, all possible ABS configurations aligning with 8 ms uplink HARQ timing can be addressed in FDD deployments of heterogeneous networks.
· A corresponding normal subframe at the pico layer of an ABS at the macro layer that does not follow an ABS pattern aligning with 8 ms uplink HARQ timing should preferably be used for downlink assignments.
· No specification need for handling ICIC of PBCH and synchronization signals in FDD deployments of heterogeneous networks using almost blank subframes.
· A minimum ABS density of 15% is required for aligning with 8 ms uplink HARQ timing and supporting SIB1 transmissions in normal subframes on both layers.
· For paging occasions in subframe #9 only, paging messages can be transmitted in normal subframes for ABS configurations up to a 50% ABS density in which all ABS align with 8 ms uplink HARQ timing.
We concluded that the ABS configurations depicted in figure 6 could be seen as a set of base configuration for FDD deployments of heterogeneous networks in which all configurations:

1. Align with 8 ms uplink HARQ timing.

2. Enable ICIC of PBCH and synchronization signals across layers

3. Enable SIB1 and paging transmission in normal subframes
Additional almost blank subframes (or MBSFN subframes) could be introduced on top of the base ABS configuration, in which corresponding subframes at the pico layer are preferably used for downlink assignments only in the case of cell edge users operating at low geometries.
Alternatives of handling different aspects associated with backhaul/access link signaling of normal subframes and low interference subframes (almost blank subframes, or MBSFN subframes) were discussed in section 2.2. Following proposals were made with respect to discussion on backhaul/access link signaling:

· Semi-static solution for backhaul signaling of ABS configurations as baseline
· RLM/RRM measurements on synchronization signals as baseline
· Possibility of semi-static RRC signaling of the length of the control region also in non-CA based heterogeneous deployments.
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