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1   Introduction
RAN 1 #62 [1] has agreed that Rel-8/9 backhaul-based ICIC for the macro/pico case be extended to include time domain component. In this contribution, we provide our views on the details of time-domain extension of Rel-8/9 backhaul-based ICIC.
2   TDM extension for Rel 8/9 ICIC
RAN 1 #62 [1] has agreed on resource specific measurements for the radio link monitoring (RLM) and radio resource management (RRM)  in order to provide support for time domain eICIC. For that reason, UE needs to be informed which resources to use for RLM/RRM measurements. Possible options include dedicated RRC signalling and/or system information broadcast. In either case, reconfigurations cannot be expected to be very frequent. Configured resources for RLM/RRM measurements are supposed to relate to the subframe partitioning configuration negotiated over the backhaul. Since it is not realistic that the measurement configuration is changed on a very short time scale, the implication is that the same is true for, at least in part, the subframe partitioning over the backhaul. Therefore, partitioning of, at least part of the subframes, should be done in the same time scale as the measurement reconfiguration, that is, in a semi-static fashion. 
However, only fraction of the resources would need to be partitioned in a semi-static manner. The remaining resources can be partitioned in a more frequent, adaptive fashion where there need not be signalling to the UE over the air. Figure 1 illustrates a case where 25% of subframes are assigned to a macro eNB and 25% of subframes are assigned to a pico eNB in a semi-static manner.  UEs can basically be signalled that semi-statically assigned subframes UE can utilize for RRM measurements and RLM. For the remaining 50% of resources, UE cannot make any assumption. UE needs to be ready for data reception on any of these subframes, at any time. We can refer to this type of partitioning as adaptive, since new configuration can take effect very quickly and need not be signalled to the UE. Even thought new configuration can take effect very quickly, frequent signalling on the backhaul is not a requirement. It is rather only a possibility. Macro and pico eNBs could negotiate exclusive use of these resources, or as illustrated in Figure 1, they could both use these resources simultaneously. 
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Figure 1: FDD case; Partitioning of resources (subframes) between macro and pico cells. Macro cell can use ½ of resources. Pico cell can use ½ of resources. Increased footprint is enabled in both directions. 

Obviously, it is only necessary to configure protected subframes for the nodes for which the network wants to enable increased footprint. As shown in Figure 2, it is certainly possible for both eNBs to utilize all resources and upon agreed trigger perform quick reconfiguration that enables increased footprint. As we mentioned above, it is only necessary that a fraction of resources is semi statically configured for RRM and RLM. As soon as increased footprint is desired, after quick backhaul signalling performed, resources on the neighbouring eNB can be freed up to enable increased footprint. 
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Figure 2: FDD case; Partitioning of resources (subframes) between macro and pico cells. Macro cell and low power (Pico) cell can use all resources, where 25% of resources in both cells are semi-statically configured for RRM and RLM. 

Note that both Figure 1 and Figure 2 illustrate a partitioning scheme for FDD system, where it is natural to follow 8 ms timeline for UL HARQ to make sure that subframe partitioning pattern is suitable for protection of PDCCH caring UL grants and PHICH. For that reason, in case of FDD, it is natural to have 8 ms pattern for the time-domain extension to eICIC. Similar patterns can be derived for TDD as well. Figure 3 shows how for configuration 1, based on HARQ timeline, 4 groups can be derived for partitioning. As it can be seen from the figure, HARQ timeline does not follow 8 ms periodicity, and 10 ms periodicity for time domain partitioning is a better match. 
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Figure 3: TDD case; Partitioning of resources (subframes). Four groups: Group 1: 0/1/7; Group 2: 5/6/2; Group 3: 4/8;  Group 4: 9/3. Each eNB can be assigned any number of groups, which could be shared or used exclusively.

Since for either case it is important to have a reference point when partition becomes effective, we think that we can adopt the same 40 ms period for both FDD and TDD, but select appropriate patterns depending on whether the system is FDD or TDD. In addition, it is important to select one semi-static pattern for both FDD and TDD that can be tested in RAN 4 in the context of resource specific measurements. We think that a scenario with 1 semi-statically assigned protected subframe every 8 ms for FDD and Group 1 illustrated for TDD in Figure 3 is would be a reasonable representative baseline option to be used for testing in RAN 4. 
Proposal 1: 40 ms pattern is signalled between eNBs to indicate use of regular or almost blank subframes [2]. A bit value indicates whether a subframe is regular or almost-blank subframe. Subframe assignment can be either semi-static or dynamic. Full bitmap is a baseline. Bitmap restrictions are FFS. 

Proposal 2: Baseline configuration for testing resource (subframe) specific measurements: restricted measurements for 1 out of 8 subframes for FDD; restricted measurements to subframe 0 and 1 for TDD. 
We think that the baseline for the remaining aspect of the time domain extension can remain the same as they are now for the “Load Indicator” message [3].  That means that the trigger should be event based, and the time scale as low as approximately 20ms. We see a benefit of an explicit acknowledgement, in order to prevent out of synch scenario for partitioning configuration. However, since macro cell is creating dominant interference to a pico cell it is always in best interest of a pico cell to conform to resource partition indicated by a macro cell and in that regard explicit acknowledgment is not really necessary. For that reason, we think that the baseline approach could be to not require explicit acknowledgement and defer the discussion on possible acknowledgement of the time domain partitioning message to RAN 3.

Proposal 3: Time scale and trigger are the same as for “Load Indicator” [3] message.
Proposal 4: One way message (same as “Load Indicator” [3] message) is a baseline. 
3   Conclusions
In this contribution, we provided our views on the details for time domain extension to Reel 8/9 ICIC. It is proposed that:
Proposal 1: 40 ms pattern is signalled between eNBs to indicate use of regular or almost blank subframes [2]. A bit value indicates whether a subframe is regular or almost-blank subframe. Subframe assignment can be either semi-static or dynamic. Full bitmap is a baseline. Bitmap restrictions are FFS. 
Proposal 2: Baseline configuration for testing resource (subframe) specific measurements: restricted measurements for 1 out of 8 subframes for FDD; restricted measurements to subframe 0 and 1 for TDD.
Proposal 3: Time scale and trigger are the same as for “Load Indicator” [3] message.

Proposal 4: One way message (same as “Load Indicator” [3] message) is a baseline. 
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