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1. Introduction
In RAN1#63 meeting, a way forward was agreed in [1] regarding TDM resource partitioning and agreements are as follows:

· TDM resource partitioning can offer performance benefits

· Impact of legacy transmission in almost blank subframes on control/data channels demodulation needs to be addressed in Rel.11.

The “impact of legacy transmission” means the impact of aggressor cell’s some transmissions for supporting legacy UE’s operation (e.g. CRS, PBCH, PSS/SSS…). In this contribution, we discuss the impact of legacy transmission and provide our views for solving that problem. 

2. Interference problem by aggressor cell’s CRS
Figure 1 depicts RE mapping (which shows impacted REs by aggressor cell’s CRS) in CRS collision case and non-collision case, respectively. In CRS collision case (Figure 1(a)), because CRSs of victim cell suffer interference from aggressor cell’s CRS directly, channel estimation and CSI measurement (which are measured by victim UE) cannot reflect the actual link quality correctly. In other words, channel estimation for demodulation does not estimate the actual channel, and CSI measurement for feedback results in pessimistic value. On the other hands, channel estimation and CSI measurement do not reflect the existence of CRS interference from the aggressor in the CRS non-collision case. So victim UE cannot estimate the real link quality and CSI is measured optimistically. In [2] and [3], simple simulation results for analyzing the impact of CRS interference were presented, and it is shown that victim UE’s performance with CRS interference is very poor in both CRS collision and non-collision cases.
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Figure 1. Resources impacted by CRS interference

2.1. CRS collision case

ABS configuration

In the case of CRS collision, as mentioned above, victim cell’s CRS is impacted by aggressor cell’s CRS directly. Though TDM partitioning is applied (i.e. ABS is configured), because CRS is transmitted, PDCCH/PDSCH performance of victim UE is degraded severely. In order to minimize this problem in the perspective of ABS configuration, we propose that aggressor cell’s eNB configures ABS with MBSFN in CRS collision case, because this configuration makes victim UEs free from with the CRS interference at least in the PDSCH region. We also note that this ABS with MBSFN configuration in CRS collision case is the basic assumption for determining RLM/RRM requirement in RAN4 discussion [4].
Proposal: The ABS with MBSFN configuration of aggressor cell should be considered as initial working assumption in CRS collision case.
Sub-resource specific measurement
In order to solve the measurement mismatch problem (which means the difference between estimated link quality and actual link quality) in CRS collision case, we propose that the network signals not only a set of suitable subframes but also measurement region (e.g. PDSCH(data region) or PDCCH(control region)) in that subframe to the UE for channel estimation and RRM measurement. This further measurement restriction is helpful when CRS collision happens and aggressor cell configures ABS as MBSFN subframe.  The simulation results in [2] and [3] results revealed that this sub-resource specific CSI measurement and channel estimation have better performance than the case using all the RS-containing symbols in a subframe. Furthermore, if this sub-resource specific measurement is applied in the case of CRS collision, no more considerations for protecting control channel are needed because CRSs impacted by interference in control region are not used to measure channel status and control information can be received without aggressor cell’s CRS interference.
Proposal: For CRS collision case, sub-resource specific measurement (channel estimation/RRM measurement) should be performed in data region for reflecting link condition correctly.
2.2. CRS non-collision case

RE muting for data channel protection
To minimize the CRS interference in CRS non-collision case, we propose that the victim cell’s eNB should perform rate matching around the REs which are aligned with aggressor cell’s CRS position. For example, the victim cell’s eNB transmits rate matched signal considering aggressor cell’s CRS position and signals rate matching pattern to victim UE. In [2] and [3], simulation result considering RE muting was presented. As shown in simulation result, if the rate matching on aggressor cell’s CRS position is used at victim cell’s PDSCH, victim UE’s performance is significantly improved. 
Proposal: For CRS non-collision case, the victim cell’s eNB perform rate matching around the REs aligned with aggressor cell’s CRS.
Proposal: The victim eNB should inform rate matching pattern (e.g. configuration of the aggressor cell’s CRS) to victim UE.

2.3. OFDM symbol level shifting for control channel protection

In [5], it was shown that error protection for control channels is important, since the performance of control channel is severely degraded when aggressor cell’s CRS interferes with control channel of victim UE. The main reason is that the first OFDM symbol, which is used for PCFICH/PHICH/PDCCH has the highest CRS density, shall transmit CRS all the time. One solution discussed in Rel-10 is to do time shifting in the victim cell subframe boundary such that the control regions of the aggressor and victim cells are not aligned [3]. In this solution, the subframe boundary of aggressor cell is shifted by one or more OFDM symbols relatively to that of victim cell. This symbol level shift enables the control channel detection of the victim UE without being interfered by aggressor cell’s CRS. 
Meanwhile, the enhanced PDCCH can be considered as another solution for protecting control channel from the CRS interference. If the E-PDCCH is used for control channel protection, victim UEs that experience strong interference from aggressor cell’s CRS can receive control information in data region. It is apparent that the rate matching scheme mentioned above is able to much better control detection performance in this case.
Proposal: For victim cell’s control channel demodulation, it is desirable not to overlap the control regions of the aggressor and victim cell. This can be achieved by OFDM symbol shifting or introducing E-PDCCH defined in the data region.
3. PBCH, PSS/SSS collision problem
Even if the TDM resource partitioning is applied for eICIC, aggressor cell’s PBCH and PSS/SSS interfere with victim cell’s PBCH and PSS/SSS because PBCH and PSS/SSS are transmitted on the predefined resources in ABS.  In [6] and [7], the detection performance for PBCH and PSS/SSS was presented, and it was shown that PBCH and PSS/SSS performance does not fulfill the requirement in strong interference environment (e.g. The simulation result in [6] showed that the synchronization acquisition time for the SCH is remarkably prolonged even in high SNR region). In order to solve PBCH, PSS/SSS collision problem, the following two solutions seem to be possible: subframe boundary shift and PBCH and PSS/SSS muting
Subframe boundary shifting
As discussed in several contributions ([7]~[10]), the subframe boundary shifting is a straightforward way to overcome PBCH, PSS/SSS collision problem in FDD. A subframe boundary shifting in ABS can guarantee interference-free common channel from aggressor cell’s PBCH and PSS/SSS. In TDD, the subframe/symbol offsets proposed in [9] can be considered for solving PBCH and PSS/SSS collision problem. (e.g. For symmetric DL-UL configurations with 5 ms periodicity, the aggressor eNB’s timing can be shifted by 5 subframes plus an integer number of OFDM symbols to achieve no overlap for both control and PBCH/SCH regions.)
PBCH, PSS/SSS muting

If it is identified that the subframe boundary shifting cannot be applied to some scenarios, another solution may be needed. In this case, one straightforward method for PBCH and PSS/SSS collision problem is to mute aggressor cell’s PBCH and PSS/SSS in some time instances [6],[11],[12]. For example, the aggressor eNB can mute PSS/SSS and/or PBCH transmission in some radio frames  for the purpose of providing victim UEs with a chance to acquire the time synchronization. This muting approach seems more suitable for Macro-Femto scenario, because most Femto UEs are in good channel condition which implies the impact of PSS/SSS/PBCH muting would not be so significant to Femto cell UEs.
Proposal: The subframe boundary shifting is a straightforward way to solve the PBCH and PSS/SSS collision problem in both FDD and TDD. If an alternative solution is needed, PBCH and PSS/SSS muting can be considered.
4. Conclusion
We have discussed the impact of legacy transmission in ABS. Considering all of the aspects mentioned above we propose the followings;
Proposal 1: The ABS with MBSFN configuration of aggressor cell should be considered as initial working assumption in CRS collision case.
Proposal 2: For CRS collision case, sub-resource specific measurement (channel estimation/RRM measurement) should be performed in data region for reflecting link condition correctly.

Proposal 3: For CRS non-collision case, the victim cell’s eNB perform rate matching around the REs aligned with aggressor cell’s CRS.
Proposal 4: The victim eNB should inform rate matching pattern (e.g. configuration of the aggressor cell’s CRS) to victim UE.
Proposal 5: For victim cell’s control channel demodulation, it is desirable not to overlap the control regions of the aggressor and victim cell. This can be achieved by OFDM symbol shifting or introducing E-PDCCH defined in the data region.
Proposal 6: The subframe boundary shifting is a straightforward way to solve the PBCH and PSS/SSS collision problem in both FDD and TDD. If an alternative solution is needed, PBCH and PSS/SSS muting can be considered.
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