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1. Introduction

The WI for further enhanced non CA-based ICIC was agreed at RAN#51 meeting [1]. The different network configurations (e.g. subframe offset/ no-subframe offset) would be considered in WI as below :
· UE performance requirements to enable significantly improved detection of PCI and system information (MIB/SIB-1/Paging) in the presence of dominant interferers for FDD and TDD systems, and different network configurations (e.g., subframe offset / no-subframe offset)

· UE performance requirements for significantly improved DL control and data detection and UE measurement/reporting in the presence of dominant interferers (including colliding and non-colliding RS, as well as, MBSFN used as ABS, as well as, ABS subframe configurations) for FDD and TDD systems.

· Dominant interference applicable to both macro-pico and CSG scenarios and with or without handover biasing
In this contribution, we discuss various TDD configurations in heterogeneous network with/without subframe offset. We focus on the restriction at ABS pattern design, and we also discuss the UE performance requirement in each case. 
2. Discussion
To avoid the ambiguity in UE side, transmission time of PCI/MIB/SIB-1/Paging information is fixed via high layer signaling in each cell. According to Rel-10, due to the time alignment of these necessary signal/information, in Heterogeneous network scenarios, dominant interference could occur between these necessary signal/information. During Rel-10 period, to solve this problem, subframe offset is introduced and the profits/restrictions are revealed. In this section, we discuss further details about the profits and the restrictions of ABS pattern design caused by subframe offset in heterogeneous network.   
2.1 Heterogeneous network with subframe offset
The introduction of subframe offset has caused two discussion issues in TDD configurations.

♦ Subframe Number Synchronization – interference between UL/DL subframes
In TDD network, if SFN is not synchronized among the neighboring cells, severe inter-cell interferences could be happened between UL subframes and DL subframes. In Rel-10, to avoid such interference, the strict synchronization of SFN is required [2]. Though the benefits which could be achieved by applying subframe offset is clear, it seems there exist possibilities that additional severe interference could happen between shared channel, and we should confirm the impact of the interference between UL/DL transmission caused by subframe offset. In this section, we discuss the UL/DL interference in the heterogeneous network for various TDD configurations including the case when different TDD configuration is applied for macro cell and pico/femto cell.

It would be a common understating that ABS pattern should be designed to avoid UL/DL interference. In TDD system, to avoid the inter-cell interference (UL/DL subframe interference), it is recommendable to use the same TDD configuration at aggressor/victim cell. As shown in figure 1, when the subframe offset is applied, the SFN synchronization breaks, and the interference would occur between UL subframe and DL subframe. The interference between UL/DL subframe could be avoided by designing ABS pattern well, and the blanking rate (ratio of ABS over all subframe) would be the same or less than 2/10 [3].
In heterogeneous network, TDD configuration preferred by victim/aggressor cell could be different according to a type of service which could be used by users in a cell or configuration (e.g. coverage range) of each cell. For example, macro cell which has large coverage range could prefer TDD configuration providing sufficient UL subframe (ex, TDD configuration #0) and pico cell which has relatively small coverage range and expected to support high data users could prefer TDD configuration providing sufficient DL subframe (ex, TDD configuration #5). For this reason, the scenario considering different configuration between aggressor and victim cell need to be discussed.  
Figure 2 shows the scenario where macro cell uses TDD configuration #1 and pico cell uses TDD configuration #3. To avoid UL/DL interference 5 subframe offset is assumed. In this case, to avoid remained interference, ABS pattern would require blanking rate larger than 2/10 at macro cell.
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 [Figure 1] TDD configuration 6_6 case with offset

♦ UL HARQ process
In heterogeneous network, each cell could have various TDD configurations according to the traffic, and the ABS pattern period in each cell would be different according to the TDD configurations. Subframe offset in heterogeneous network would be different according to TDD configuration of each cell. And also, UL HARQ is synchronous and the retransmission and ACK/NACK timing is fixed according to TDD configuration. When we design ABS pattern, we should consider some characteristics, and as a recommendation, at least one HARQ process in victim cell should be protected from aggressor cell’s interference. 
TDD configuration #0 and #6 are special case and different from the other configurations. While RTT is always 10 ms in TDD configuration from #1 to #5 and ABS pattern period is 20ms, HARQ RTT of TDD configuration #0 or #6 could be 10, 11, 12, 13 or 14, and ABS pattern periods in TDD configuration #0 or #6 is each 70ms or 60ms. When one of the cells uses TDD configuration #0 or #6, and subframe offset is applied, it is just impossible to satisfy the above recommendation. As shown in figure 1, when TDD configuration 6 is used at both macro and pico cell, subframes of each HARQ process defined in pico cell overlap at least one of the subframes used by each HARQ process defined in macro cell. Therefore it is impossible to design ABS pattern with the recommendation of interference-free UL HARQ process and we can’t guarantee at least one HARQ process in victim.

However, TDD configuration from 1 to 5 is free from this problem. Figure 2 shows an example when victim cell use TDD configuration #3 and aggressor cell use TDD configuration #1 in heterogeneous network. In figure 2, UL HARQ process from M1 to M4 is defined in macro cell, and UL HARQ process from P1 to P3 is defined in pico cell. As shown in figure 2, HARQ process P1 overlaps only with HARQ process M2 and P1 is separated with other HARQ process M1, M3 or M4. Thus, by allowing HARQ process P1 to pico and defining the subframes used for P1 as ABS in macro cell, it can be guaranteed an interference-free UL HARQ process in victim cell. Not only the case shown by figure 2, all the case when TDD configuration from 1 to 5 is used in heterogeneous network, separated HARQ processes can be defined in macro/pico cell, and the above recommendation can be satisfied.
If we can adopt network with subframe offset as the solution, it is better to use only TDD configuration #1 to #5 in Heterogeneous network. However, in this case, there is restriction that configuration #0 and #6 could not be used freely. So, we need UL HARQ method for eICIC when we adjust TDD configuration #0 or #6.
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[Figure 2] TDD configuration 1_3 case with offset
Especially, if a DL subframe is defined as ABS in TDD configuration #0 or #6, since all the DL subframe is expected to report UL N/Ack via PHICH, UL subframe which expects to receive PHICH (N/Ack) via that ABS would not be able to perform PUSCH transmission. Figure 3 shows UL HARQ process defined in TDD configuration #6. If subframe #9(red text) in the SFN #1 is defined as ABS, UL subframes #4 in the SFN #2 expecting to receive N/Ack at ABS, also cannot perform PUSCH retransmission. We expect that a new solution for UL HARQ process in TDD configuration #0 or #6 is required. (e.g. Cross-subframe scheduling for TDD configuration #0 or #6, N/ACK bundling for PUSCH reporting)
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[Figure 3] HARQ process of TDD configuration #6 using ABS
Observation 

1. In heterogeneous network with subframe offset, there is no collision between necessary information among the cells.

2. Severe UL/DL interference can be occurred between shared channels.  

A. The interference between UL/DL subframes could be avoided by ABS. 

B. When different configuration is adjusted between cells in heterogeneous network, blanking rate could be increased over 2/10.
3. When TDD configuration #0 or #6 is used in heterogeneous network, if subframe offset is applied,   interference-free UL HARQ process can not be defined in victim cell.
2.2 Heterogeneous network without subframe offset

If we do not use subframe offset, dominant interference could occur between cell’s necessary information. However, if we find a solution to avoid collision between these necessary information, network without subframe offset could be a better configuration than the network with subframe offset, especially when using the same TDD configuration between inter cells in heterogeneous network. 

As shown in figure 4, UL HARQ process form M1 to M5 is defined in macro cell, and UL HARQ process from P1 to P5 is defined in pico cell. In this case, any HARQ process defined in pico cell overlaps with only one HARQ process. So, interference-free UL HARQ process can be flexibly defined in each cell. For example, if we want to provide multiple interference-free UL HARQ process to victim cell, macro cell can use HARQ process #M1, #M2 and #M3 and pico cell can use interference-free HARQ process #P4 and #P5.
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[Figure 4] TDD configuration 6_6 case without offset

 However, not only in the heterogeneous network with subframe offset, even in heterogeneous network without subframe offset, TDD configuration 0/6 cause some additional issues at ABS pattern design. When TDD configuration 0 or 6 is used in either aggressor or victim cell and different TDD configuration is used in another cell, ABS pattern should be designed not only to provide interference free UL HARQ process, but also to avoid the UL/DL interference. This is mostly the same situation we discussed for the heterogeneous network with subframe offset, and defining any of DL subframe as ABS, to avoid UL/DL interference, would cause UL HARQ process to be blocked. Therefore, to use TDD configuration 0/6 in heterogeneous network without subframe offset, UL HARQ solution is also needed as network with subframe offset case. 

Observation
1. In heterogeneous network without subframe offset, there is collision between necessary information among the cells. 
2. When different TDD configuration is used in aggressor/victim cell, UL/DL interference occurs. However, except when the TDD configuration 0 or 6 is used in either aggressor or victim cell and different TDD configuration is used in another cell, UL/DL interference can be easily avoided by ABS pattern.
3. Conclusion
In this contribution, we discuss on the different network configurations with subframe offset and no-subframe offset. 
Observation of heterogeneous network with subframe offset
1. In heterogeneous network with subframe offset, there is no collision between necessary information among the cells.

2. Severe UL/DL interference can be occurred between shared channels.  

A. The interference between UL/DL subframes could be avoided by ABS. 

B. When different configuration is adjusted between cells in heterogeneous network, blanking rate could be increased over 2/10.

3. When TDD configuration #0 or #6 is used in heterogeneous network, if subframe offset is applied,   interference-free UL HARQ process can not be defined in victim cell.

Observation of heterogeneous network without subframe offset
1. In heterogeneous network without subframe offset, there is collision between necessary information among the cells. 

2. When different TDD configuration is used in aggressor/victim cell, UL/DL interference occurs. However, except when the TDD configuration 0 or 6 is used in either aggressor or victim cell and different TDD configuration is used in another cell, UL/DL interference can be easily avoided by ABS pattern.
Proposal

1. Network without subframe offset could be a better configuration than the network with subframe offset. We need to find a scheme which would be validated without subframe offset. 
2. UL HARQ transmission/signaling scheme for eICIC could be needed if we want to use TDD configuration #0 or #6 in heterogeneous network. 
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