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1 Introduction
Carrier Aggregation (CA) is considered an easier solution for deploying heterogeneous networks (HetNet) compared to a co-channel scheme using almost blank subframes because the interference due to overlapping PBCH/SCH and CRS is difficult to eliminate, especially for TDD systems. In this contribution, some issues of a CA-based scheme given by [1] are analyzed. 
2 Scenario and remaining issues 
An example of a CA-based HetNet is illustrated in Fig. 1 where the same two carriers are deployed for both macro and pico cells. Carrier f2 is configured as the PCell for UEs served by macro cell (M-UE) while carrier f1 is configured as the PCell for UEs served by pico cell (P-UE), especially in the range expansion (RE) region. In the co-channel scheme, P-UEs in the RE region would have difficulty decoding the control channels because the power of interference from macro cell is much stronger than the desired signals. To resolve this control channel problem, cross-carrier scheduling in CA is introduced to assist victim P-UEs in the RE region by providing scheduling information on f1 for PDSCH transmissions on f2. The CFI value for f2 is provided by the RRC dedicated signalling. However, as mentioned in [1], the PBCH and SCH of f1 for victim P-UEs may encounter high interference because these two channels overlap between the macro and pico cells, especially in TDD systems where subframe shifting among eNBs is difficult (impossible) to exploit. 
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Fig. 1 An example of CA-based HetNet

Observation 1: UEs in the RE region served by pico cell may have difficulty decoding the PBCH and SCH on the SCell especially in TDD systems.
However, PBCH is the control channel with the most robust coding rate of 40/1920=0.02 assuming normal CP length and the repetition of four radio frames, which also helps mitigate the effect of time-varying interference. The simulation results presented in [4] demonstrate that 6 dB RE bias is tolerable to obtain the performance target of 1% error decoding rate, and it is also tolerable to SCH to fulfill the requirement that the 98% acceptable synchronization acquisition time is less than 500ms. Therefore, it is necessary to prove whether a scenario with a larger RE bias can provide any benefits to the whole system. That is, even if a UE cannot decode PBCH of the SCell, an eNB may schedule the UE with very conservative MCS for PDSCH/PUSCH, which leads to much lower system capacity than the case where the resource blocks of the SCell are scheduled to the UEs with better geometries. 

Proposal 1: It is necessary to prove whether the scenario with a large RE bias, where a UE cannot decode PBCH and SCH of the SCell, can bring any benefits to the whole system before introducing particular solution. 
3 Further Analysis

If benefits of a large RE bias would be agreed, then the issues for the macro-pico co-channel PBCH and SCH interference need to be further considered, as discussed below. 

As indicated by [3], a UE can indirectly obtain the information conveyed in PBCH of SCell without reading the PBCH of SCell. 
Observation 2: Current mechanisms specified by RAN2 are sufficient to obtain the information conveyed by PBCH of the SCell even for a victim UE in the RE region.
SCH detection is used to achieve DL initial synchronization, cell ID and cyclic prefix (CP) length. It has been also agreed in RAN2 to provide the cell ID of the SCell by RRC signaling. Thus, the remaining issues include DL synchronization and CP length determination of the SCell for P-UEs in the RE region. 

3.1 DL synchronization of the SCell
In [5], it is given that the time alignment error (TAE) between the signals of different component carriers shall not exceed 130 ns and 1.3 μs for intra-band and inter band CA, respectively. The CP would have to accommodate both the channel delay spread and the TAE. For intra-band CA, it should be feasible for a UE to reuse SCH detection on the PCell to aid the DL synchronization of the SCell, considering the TAE of 130 ns just corresponds to 2.5%~2.77% of the normal CP length (4.68~5.2 μs). Deployments with RRH/repeaters are also not supported for intra-band CA in Rel-10. However, in case of inter-band CA where the TAE can be up to 1.3 μs, the TAE alone would correspond to 25%~27.7% of the normal CP length. Thus it would be unacceptable for a UE to assume the same synchronization for the PCell and SCell as it would either reduce the effective CP length, or generate inter-symbol interference, when the real timing of the SCell is behind or before that of the PCell, respectively. Further, the issue is even more serious in the scenario of the RRH and repeaters deployment where the time difference of signals arriving on the PCell and SCell can be even increased. Hence, if the RE bias is so large that the SCH cannot be reliably detected, for inter-band CA it cannot be assumed that the UE can use the synchronization of another cell for its SCell.
Furthermore, a UE may typically use the CRS to do the time/frequency tracking and fine tuning of the synchronization. For inter-band CA, the UE would typically have to use the CRS on the SCell for tracking the SCell since different TX chains may be assumed for PCell and SCell. Thus, if the RE bias is so large that the CRS of the SCell cannot be reliably detected, the maintenance of DL synch cannot done by using CRS, and also it may not be feasible to do tracking from the much less dense CSI-RS. Hence, the time/frequency tracking may be an issue for large RE bias deployments.
Observation 3: For inter-band CA, it should not be assumed that the synchronization of the SCell can be provided from another cell.
Therefore, the deployment case of inter-band CA with a large RE bias is problematic considering initial synchronization and time/frequency tracking of the SCell. If the RE bias is not large, the SCH on the SCell is reliable and there would not be any issue. 
In addition, the CA WID states that, with regards to TDD, deployment scenarios with RRH and repeaters should be supported when inter-band aggregation is supported, e.g., in Rel-11 [2]. That is, in the Rel-10 time frame, only the case of intra-band CA is considered for a TDD system, therefore, it is feasible for a UE to reuse SCH detection on the PCell to aid the DL synchronization of the SCell. 
Proposal 2: In the Rel-10 time frame, DL synchronization of SCell can be assisted by SCH detection on the PCell in a TDD system. 
3.2 CP length determination of the SCell
A pico cell is usually deployed to provide high data rates in hotspot areas with small coverage (e.g., less than 100 meters) due to the low power level, implying that a normal CP configuration is adequate for SCell and PCell for this cell. On the other hand, for a macro layer, the coverage of its SCell might be less than the PCell because the SCell may be transmitted at reduced power to limit interference to the pico layer. In this case, different CP lengths may be configured between f1 and f2 of a macro layer. Since a UE is unaware whether it is served by macro or pico cell, the UE cannot always assume the same CP length among the aggregated carriers even though there is no problem for M-UEs to read the SCHs of both the PCell and SCell. However, such an ambiguity issue can be resolved by some implementation methods. One possible implementation method for solving this CP problem is that, a UE could try to obtain the CP length of SCell by processing the SCH of the SCell. If the UE finds that the performance of SCH is rather poor (the UE deems that it is probably served by pico cell in the RE region), it would use the same CP length as the PCell. Alternatively, it does not need to determine the CP length from the SCH detection. Instead, the CP length can be also obtained by auto-correlating the CP parts over all OFDM symbols in a frame. 
Proposal 3: Using the same CP length for PCell and SCell in pico layer is reasonable. 
Proposal 4: It can be left to the implementation for a UE to obtain the CP length of SCell. 
4 Conclusion
In this contribution, we find that gains of inter-band CA deployments with a large RE bias is unclear while it comprises issues with the SCell synchronization and we propose: 
Proposal 1: It is necessary to prove whether the scenario with a large RE bias, where a UE cannot decode PBCH of the SCell, can bring any benefits to the whole system before introducing particular solution. 
If the benefits referred to in Proposal 1 can be proved, then we further propose: 
Proposal 2: In the Rel-10 time frame, DL synchronization of SCell can be assisted by SCH detection on the PCell in a TDD system. 

Proposal 3: Using the same CP length for PCell and SCell in pico layer is reasonable. 
Proposal 4: It can be left to the implementation for a UE to obtain the CP length of SCell. 
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