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1. Introduction
Time-domain resource partitioning, which divides the whole set of subframes into two non-overlapping subsets, was introduced in Rel-10 for the enhanced ICIC. This feature enables the victim cell to predict the behavior of the aggressor cell under a dominant interference scenario. The aggressor cell behavior is promised by exchanging the ABS information via X2 interface, and the victim cell is able to determine which subframes are under strong interference and which are free from the dominant interference. By receiving the subframe set partitioning information, the victim cell UEs can perform “resource specific” RRM and CSI measurements where each measurement targets a specific set of subframes having consistent interference characteristics.

Although Rel-10 time-domain resource partitioning provided promising performance gain, there may exist other areas that have rooms for further enhancement because the “resource specific” behavior in Rel-10 was limited only to the RRM and CSI measurements. As a heterogeneous network is expected to have resource specific interference characteristics due to the network operation related to ABS, the system performance can be enhanced further by applying the principle of resource specific UE behavior to other parts of specifications.
This contribution lists up several topics that can be considered as further enhancements to time-domain resource portioning.

2. Possible Enhancements to Time-domain Resource Partitioning
· Transmission mode configuration
As the interference environment is different in different subframe sets, the optimal transmission mode for a given subframe set can be different from that for another subframe set. For example, a transmission mode which can exploit the spatial diversity gain can allow more robust transmissions in the presence of the aggressor’s DL transmissions by mitigating the effect of the non-predictable aggressor’s precoding decision, so it can be the best choice in a subframe which is configured as non-ABS at the aggressor’s side. On the other hand, in a subframe which is configured as ABS at the aggressor’s side, it can be the optimal to perform precoding in a way that the eNB transmission power is allocated to the space direction that has favourable channel condition. 

In addition, the existence of CRS can be a reason of different transmission mode in different subframes. For example, in CoMP scenario 4 where a macro eNB share the same cell ID with RRHs under its coverage, it can be the best to use UE-specific RS in MBSFN subframes for better spatial resource reuse among different transmission points but, in non-MBSFN subframes, the CRS is always transmitted and it can be optimal to adopt the joint transmission from all the transmission points by using CRS transmitted from those points as well. 
· UL power control
The ABS configuration also affects the IoT level at the victim cell eNB. If we assume that PUSCH in subframe n is granted in subframe n-k, the IoT level at the victim cell eNB depends on the ABS configuration of the aggressor cell in subframe n-k; the IoT will be higher if subframe n-k is configured as non-ABS due to the PUSCH transmissions in the aggressor cell while a lower IoT can be expected if subframe n-k is configured as ABS. Given this situation, the optimal UL power control parameter setting is variable according to the ABS configuration of the granting subframes; the same BLER can be obtained with a lowered UL transmission power if subframe n-k is configured as ABS. Thus, in order to reduce the UE battery consumption and interference to other cells, the UL transmission power can be controlled in a resource specific manner.

· Coexistence of time and frequency domain ICIC
RAN1 had a brief discussion on the coexistence of time and frequency domain ICIC triggered by an LS from RAN3 [1] and it was concluded as follows [2]:

“RAN1 thanks RAN3 for their LS on coexistence of frequency domain and time domain ICIC. RAN1 has discussed coexistence aspects primarily based on the scenario provided by RAN3. RAN1 view is in the scenario described by RAN3, the Rel-8 definition of RNTP for the pico applies to all subframes, including those designated ABS by a macro eNB. How RNTP can be interpreted by the (ABS message sending) macro eNB receiving an RNTP message from the pico eNB is implementation-specific.

RAN1 also discussed coexistence aspects for the scenario of an eNB sending both HII and ABS. RAN1 view is in this scenario that the HII applies to subframes where the sending eNB may, or intends to, schedule uplink transmissions. How HII can be interpreted by an eNB receiving both HII and ABS is implementation-specific.

RAN1 recommend RAN3 to not take any further actions with respect to coexistence of frequency domain and time domain ICIC for Rel-10.”
Here, one point that may require further consideration is how the receiving eNB interprets “the HII applies to subframes where the sending eNB may, or intends to, schedule uplink transmissions.” This is because ABS configuration informs the receiving eNB of the non-existence of UL grant in some subframes but some UL transmissions like SPS and periodic CQI reporting are scheduled without PDCCH. Thus, at least two different interpretations are possible at the receiving eNB:
1) It is assumed that no UL transmission is scheduled in subframe n if subframe n-k, which sends UL grant for subframe n, is configured as ABS. This implies that the receiving eNB takes the HII as a valid one only in a few selected subframes. The receiving eNB more aggressively schedules its UL scheduling but this scheduling is vulnerable to the aggressor cell’s semi-statically scheduled UL transmissions.
2) It is assumed that UL transmissions still can be scheduled in subframe n even when subframe n-k is configured as ABS. This implies that the receiving eNB regards the HII as a valid one in all the subframes. The receiving eNB’s UL reception is safe from the aggressor cell’s UL transmissions by more conservative UL scheduling and leads to more conservative UL scheduling in the receiving eNB.

As the interpretation of HII and ABS is left for an eNB implementation, the precise coordination could not be done in Rel-10 with regard to the coexistence of time and frequency domain ICIC. Similar case may be observed in the other ICIC messages like RNTP and OI. Thus, as captured in the WID [3], the issue of “Data channel ICIC enhancements, e.g., FDM/TDM coordination and enhanced signalling for resource allocation” is worthy of being studied further in Rel-11.
· Consideration of faster backhaul coordination

Rel-10 time-domain resource partitioning was established under the assumption that the backhaul coordination cannot be so dynamic due to the limitations in backhaul link latency and capacity. However, as studied in CoMP SI, eNBs in heterogeneous networks can be connected via faster links (e.g., CoMP scenario 3 and 4) and more dynamic time-domain resource partitioning is expected to provide more performance gain in those networks. In such dynamic resource partitioning cases, the bottleneck of the resource partitioning is not the backhaul link but the air interface between eNB and UE due to the RRC signalling overhead and reconfiguration ambiguity. So, considering the progress of the related WIs, the air interface of time-domain resource partitioning can be further enhanced in order to encompass the dynamic coordination cases. One example would be allowing more flexibility in aperiodic CSI reporting which can be triggered only in a set of semi-statically configured subframes in Rel-10 [4]. 

· Soft buffer management

In the current specification, a UE configured with a single component carrier manages its soft buffer in such a way that the whole memory is equally divided according to the HARQ process number. However, this may lead to an inefficient utilization of the limited UE soft buffer because some HARQ processes will not be used at all if the serving cell is configuring a set of subframes as ABS (to a neighbouring cell to which it appears as a dominant aggressor). For example, the UE soft buffer in FDD is divided into 16 partitions, two of which are dedicated to a DL HARQ process, but if the serving cell configures 50% subframes as ABS, only 4 processes are enough for DL HARQ operations. In this case, it is obvious that dividing the soft buffer into 8 partitions would be beneficial in recovering the erred transport block with the retransmissions. Thus, it seems necessary to investigate the UE soft buffer management in consideration of the ABS-related eNB behaviour.
3. Summary
We discussed in this contribution several possible enhancements to Rel-10 time-domain resource portioning in which only RRM and CSI measurements are defined to be resource specific in a semi-static manner. To be specific, the following areas can be considered for further enhancements:

· Resource specific transmission mode configuration

· Resource specific UL power control

· FDM/TDM interference coordination with coexisting time and frequency domain ICIC
· Flexible UE behavior for a faster backhaul coordination

· Soft buffer management according to the resource partitioning result
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