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1 Introduction

In this contribution, we aim at giving an overall understanding of TDM solutions for eICIC, including the impacts to Rel.8/9 UEs, specification impact and FDD/TDD commonality.
2 Description of TDM solutions
The TDM solutions which were concerned much in the previous meetings [1]-[7] to avoid control channel interference between different cell layers include: 

Configured by MBSFN subframes, where the aggressor cell uses the MBSFN subframe to reduce the interference to the co-channel control channel in the victim cell layer. One example is depicted in the left side of Fig.1 where the aggressor cell’s control channel has only 1 OFDM symbol and the data region might be available for Rel.10 UEs.
Configured by almost blank subframes, where some subframes are configured at the aggressor cell to only carry CRS in the whole subframe region (as shown in the right side of Fig.1) or only in the control region which is the so-called “almost blank subframe with MBSFN configuration”. Furthermore the data region might be accessible for Rel.10 UEs if the “cross-subframe scheduling” [1] is used at the aggressor cell. 
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Figure 1. TDM solutions-configured by MBSFN or almost blank subframes

Configured by fake UL subframes, where nothing or only UL ACK/NACK is transmitted in the fake UL subframe at the aggressor cell and this is only feasible for TDD system (Fig.2).
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Figure 2. TDM solutions-configured by fake UL subframes
In addition, in order to further mitigate the common channel as well as the control channel interference between different cell layers, the combined TDM solutions with time shifting (Fig.3) were also discussed.
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Figure 3. Combined TDM solutions with time shifting
In summary, in the TDM solutions, only some of the subframes of the aggressor cell need to be configured as special subframes such as MBSFN and/or almost blank subframes or fake UL subframe to mute/mitigate the interference to the victim cell while the other subframes remain as normal subframes in order for normal control and data channel transmissions of the aggressor cell. 
3 Characteristics analysis on TDM solutions
From the structure of TDM solutions perspective, it is obvious that the TDM solutions can at least reduce the interference to the control channels of the victim cell to a certain level. However, at the same time, the TDM solutions will cause the large fluctuation of interference level suffered by the UEs of the victim cell which may result in issues of measurements and receiver performance. In addition, since these special subframes will have residual interference (for example, residual CRS in almost blank subframe), it is necessary to take care of the residual interference either through additional standards specification or special design at the UE end such as an advanced receiver [5],  neither of which would be beneficial  to the legacy Rel.8/9 UEs.
In the following, we will further investigate the impacts of the TDM schemes to Rel.8/9 UEs, as well as to the specification impact and FDD/TDD commonality. 
3.1 Impacts to Rel.8/9 UEs 
The interaction between the homogeneous and heterogeneous network is depicted in Fig.4 where the Femto is added to a macro/homogeneous network as an example of a HetNet. In the homogeneous networks, normal communication between Macro and MUE1/MUE2 is assumed. However in the HetNet scenario, MUE2 as a non-CSG UE which is in close proximity of the added Femto cell suffers the dominant interference from Femto as concluded in [8]. Although the TDM eICIC solutions (configured by almost blank subframe in Fig.4) could be used to mainly mitigate the control channel interference, whether MUE2 could work normally or not should be evaluated carefully especially taking into account the issues that TDM solutions could not address compared with the homogeneous network.
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Figure 4. Comparison between the homogeneous network and HetNet with TDM solutions 
(green: signal, red: interference)
Considering the objective of WID for eICIC [9], it was agreed that “the study should ensure backward compatibility for Rel8/9 terminals”. Therefore, the remaining issues of TDM solutions especially the ones which would impact the backward compatibility should be evaluated carefully. Such kinds of issues are listed as follows:
1) Inaccurate RLM, RRM measurement and channel feedback. Since the Rel.8/9 UEs are not aware of the interference-free subframes and perform measurements on all DL subframes, they would always suffer radio link failure by filtering the measurements along the continuous subframes as discussed in [1][10]. Thus Rel.8/9 UEs would always stop decoding to re-sync and re-access. In addition, the Rel.8/9 UEs would also suffer from the poor link adaptation performance due to the inaccurate channel feedback measurements as mentioned in [10].
2) Common channel decoding failure. As the common channels (PSS/SSS, PBCH) are overlapped between different cells, the Rel.8/9 UEs in the victim cell might suffer from PSS/SSS/PBCH decoding failure. While the common channel interference could be avoided through time shifting combined with TDM solutions, there are some new issues accompanied with time shifting. For example, it will put a restriction on the configurations usable in TDD system and require the GP to be reduced to avoid UL/DL overlap. Furthermore the extra synchronization requirements between different cell layers in order to apply time shifting will be introduced as discussed in [4]. 
3) Unreliable control channel performance. Since all TDM solutions are partially orthogonal, the control channel performance of the victim will be impacted by the aggressor. Based on the performance results presented in [5]-‎[7], it can be concluded that the interference to the PDCCH/PCFICH/PHICH of Rel.8/9 victim UEs even only from CRS of the aggressor cell is intolerable in harsh interference conditions, such as the Macro-Femto case or the Macro-Pico case with large cell selection/handover bias. 
For the “configured by fake UL subframe” scheme, the interference from the UL ACK/NACK to the victim cell DL control channels still exists. Alternatively, if nothing is transmitted in the “fake UL subframe” to protect the victim cell control channel performance, the HARQ time relationship between PDSCH and UL ACK/NACK in the aggressor cell will be affected.
For the “TDM solutions with time shifting”, though the interference from the aggressor cell control channel can be avoided, the interference from the aggressor cell data channel (may including CRS) to the victim cell control channels might be introduced.
4) Unreliable SIB-1/paging channel reception. As discussed in [11], since SIB-1/paging channels are transmitted at fixed subframes, the PDCCH transmissions masked with SI-RNTI (for SIB-1) and P-RNTI from the aggressor cell and the victim cell will collide with each other. Considering the degraded PDCCH performance evaluated in [5]-[7], the performance of the PDCCH with SI-RNTI (for SIB-1) and P-RNTI and the associated PCFICH in the victim cell will degrade further since the interference is from the aggressor cell’s control channels (at least PDCCH masked with SI-RNTI/P-RNTI and the associated PCFICH) other than CRS, which would lead to unreliable SIB-1/paging information reception.  
Although some possible solutions have been discussed to solve these issues to some extent, some of them will not benefit Rel.8/9 UEs. For example, in order to solve the issue associated with the inaccurate RLM, RRM measurement and channel feedback, restricting UE measurements within the interference-free subframes or serial interference cancellation (SIC) receiver at the UE side were propsed. However these solutions are not backward compatible for Rel.8/9 UEs. As another example, in [11] the concept of "cross-subframe scheduling" was introduced to solve the problem of SIB-1/paging channel reception, but the backward compatibility for Rel.8/9 UEs can also not be satisfied.
In summary, the TDM solutions may have some backward compatibility issues to Rel.8/9 UEs such as the inaccurate RLM, RRM measurement and channel feedback, common channel decoding failure, and unreliable control channel/SIB-1/paging channel reception. Thus it is necessary to further investigate these issues of the TDM solutions.
3.2 Specification impact 

In order to solve the remaining issues existed in TDM solutions for Rel.10 or beyond UEs, the specification impacts on the network side and the UE side should be considered as discussed in R1-103560 by Qualcomm. The specification impacts from R1-103560 include:
· Network side:

· Extension of Rel-8/9 ICIC to include time-domain coordination 

· Inter-cell coordination of almost blank subframe utilization

· UE side:

· Radio link monitoring on specific subframes

· RRM measurements on specific subframes

· Resource specific channel feedback

· Suppression capabilities of the PSS/SSS/PBCH and CRS from the dominant interferer(s) to guarantee: 

· Acquisition/measurement/reporting of weak cells, and 

· Control/data channels reliability in harsh interference conditions in a network operating with enhanced ICIC operation

· Suppression capabilities for PCFICH and PDCCH could be considered also if interference cannot be avoided by almost blank subframes configuration  

Note that inter-cell coordination of almost blank subframe may be implemented through various approaches, such as new X2 messaging, over-the-air signalling, and etc.
In addition, if the “cross-subframe scheduling” is applied to extent the data region for Rel.10 UE, the corresponding impact would be introduced at the network and UE side such as the time relationship between PDSCH and PUCCH ACK/NACK, PUSCH and PHICH, the control channel design to support “cross-subframe scheduling”, and etc. 

Although the above analysis is mainly focused on the solution “configured by almost blank subframe”, most of them are also applicable for the solution “configured by MBSFN subframe” or “configured by fake UL subframe” except the “cross-subframe scheduling”. Another difference is that for the “MBSFN” solution, the interference from the aggressor cell may then include control channels such as PHICH and/or PCFICH, PDCCH. On the other side for the “fake UL subframe” solution, the interference comes from the aggressor cell UL ACK/NACK.
As for the TDM solutions with time shifting, the acquisition/measurement/reporting of weak cells might be guaranteed since the common channels are no longer overlapping, however the tight requirements of the subframe boundary and/or symbol boundary synchronization among different nodes may be needed at the network side.
3.3 Commonality for FDD and TDD system

It is obvious that the TDM solutions discussed above are all feasible for FDD system except the scheme “configured by fake UL subframe”. As for TDD system, since subframe 0,1,5,6 can not be configured as MBSFN subframes due to the possible transmission of paging channels, there will be some restriction on applying MBSFN subframe in a TDD system. Similarly as the ‘almost blank’ subframe is characterized by nothing other than CRS transmitted in the whole subframe region or in the control region, subframe 0,1,5,6 could also not be configured as the ‘almost blank’ subframe since the paging channel transmitted in the data region should be available in these subframes. Therefore there will also be some restriction on applying this scheme in TDD system.
As for the “TDM solutions with time shifting”, in order to avoid the UL/DL overlap, there will also be some restriction on applying time shifting in TDD system. Furthermore, when the symbol-level time shifting is used, the impact on GP should also be considered. 
Therefore, it is observed that there are some restrictions on the applicability of TDM solutions especially for TDD system and the solution “fake UL subframe” is only feasible for TDD.
4 Conclusion
In this document, the remaining issues of TDM solutions which could impact the backward compatibility of Rel.8/9 UEs are analyzed. Furthermore the impact of TDM solutions to the specification and the commonality for TDD/FDD are also considered. As for the backward compatibility, it could be concluded that:
· The TDM solutions may have some backward compatibility issues to Rel.8/9 UEs such as the inaccurate RLM, RRM measurement and channel feedback, common channel decoding failure, and unreliable control channel/SIB-1/paging channel reception. Thus it is necessary to further investigate these issues of the TDM solutions.
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