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1   Introduction
Recently, the concept of extension carriers has been wildly discussed in many contributions to provide the support of wider bandwidth in LTE-A. According to the contribution [1] discussed in RAN# 59b, the additional component carrier (CC) types have been LS to RAN4 as follows:

· Extension carrier/carrier segment is characterized

· No PBCH/Release-8 SIB/Paging on extension carrier 

· No PSS/SSS on extension carrier 

· No PDCCH/PHICH/PCFICH on extension carrier

· No CRS on extension carrier

· Rel-10 mobility is based on measurements in backwards compatible CCs 

· Must be a part of a component carrier set where at least one of the carriers in the set is a backwards compatible component carrier.

· The main differences between segments and extension carrier are

· Single PDCCH for resource allocation, single HARQ 

· Contiguous BW requirement and maximum combined bandwidth of 110 RBs
In above description, the extension carriers have no Primary Synchronization Signal (PSS) and Secondary Synchronization Signal (SSS). Therefore the frame timing synchronization of extension carriers should be detected by synchronization signal of backward compatible component carrier. However, this suggestion could introduce the problem of inter-CC subframe synchronization discussed in [2]. The timing relationship among aggregated carrier components should be further considered when Rel-10 UE receives multiple CCs from different cells, i.e. the 4th and 5th of carrier aggregation (CA) deployment scenarios in [3] (Annex J). Hence, this contribution focuses on the frame timing issues in multiple carrier components that consists of the backward compatible CC (so-called primary CC or PCC) and extension carriers (so-called secondary CC or SCC).
2   Discussion
In downlink transmission, frame timing synchronization is performed in the UE side to find the correct FFT window for FFT and post-FFT operations (i.e. equalization and data detection). To avoid the multipath distortion, the correct frame starting position should be set in the inter-symbol interference (ISI) free region of Cyclic Prefix (CP). In addition, the correct frame timing is often detected via synchronization signals, i.e. PSS and SSS. If there is no synchronization signal in SCC, the Rel-10 UE can only apply the frame timing information detected from PCC to the SCC. However, the propagation behaviours of the transmitted signals in PCC and SCC might be different when PCC and SCC are transmitted from two different eNBs or cells. This results the condition that the transmitted signals in PCC and SCC have different reached time in receiver side. In the following, the arrival times of PCC and SCC is discussed via two cases:  
Case 1: PCC arrives earlier than SCC
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Fig. 1: PCC is earlier arrival to UE than SCC. (a) ISISCC plusτ is greater than ISIPCC. (b) ISISCC plusτ is smaller than ISIPCC.

Figure 1 describes the case 1 in two conditions according to the three variables, ISISCC, ISIPCC, and τ, where ISISCC is the ISI interval of SCC, ISIPCC is the ISI interval of PCC, and τ is the offset of signals propagation delays between PCC and SCC. The first condition shown in Fig. 1(a) is defined as
ISISCC + τ > ISIPCC
, and the second condition presented in Fig. 1(b) is defined as
ISISCC + τ < ISIPCC
In the first condition, the ISI free interval for both CCs is dominated by ISISCC and τ. However, the ISI free interval for both CCs in the second condition is dominated by ISIPCC. No matter what the condition is, the ISI free interval is always the back segment of PCC’s CP. Therefore, the important factor affecting the length of ISI free interval is the length of the front segment of PCC’s CP, which might be the summation of ISISCC and τ in first condition or ISIPCC in second condition.
Case 2: PCC arrives later than SCC 
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Fig 2. SCC is earlier arrival to UE than PCC. (a) ISIPCC plusτ is greater than ISISCC. (b) ISIPCC plusτ is smaller than ISISCC.

This case is also illustrated with two conditions in Fig. 2. The first condition shown in Fig. 2(a) is defined as:
ISISCC < ISIPCC+ τ
, and the second condition presented in Fig. 2(b) is defined as 
ISISCC > ISIPCC+ τ
In the first condition, the ISI free margin for both CCs is dominated by ISIPCC and τ. Another condition, the ISI free interval is dominated by ISISCC which takes two intervals apart, τ which is in the front segment of CP, and ISISCC minus τ which is in the back segment of CP. In this case, the τ always holds the back segment of PCC’s CP and the ISI free region always locates in the middle segment of PCC’s CP.
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Fig 3. ISI free region for PCC and SCC in PCC’s CP. (a) ISISCC plusτ is smaller than ISIPCC (b) ISISCC plusτ is greater than ISIPCC
The correct frame timing should let both PCC and SCC avoid the ISI effect. However, only PCC can be used to detect the timing information if SCC does not have synchronization signals. Hence, the ISI free regions of case 1 and 2 are summarized based on the PCC’s CP in Fig. 3. The middle segment in Fig. 3 is the ISI free region, which also are the candidate positions of correct frame start. In practice, ISISCC, ISIPCC, and τ are strongly depending on the deployment scenarios. If ISIPCC is larger than (ISISCC + τ), the length of ISI free region is equal to (CPPCC - ISIPCC + τ). Otherwise, it is equal to (CPPCC-ISISCC +2τ). When the length of ISI free region is smaller than zero, it is impossible to find a frame start position that makes both PCC and SCC avoid the ISI effect. In addition, the CP-based synchronization schemes or detection processes might get a degraded performance if the ISI free region is too narrow.
3   Conclusion

This contribution discusses frame timing issues in the carrier aggregation of multiple CCs from different cells, i.e. the 4th and 5th of carrier aggregation (CA) deployment scenarios in [3]. The discussion presents that the correct frame timing is hard to get since the ISI free region in CP is too narrow when the frame timing obtained from PCC is used in SCC. The less length of clean CP (without ISI effect) will also degrade the performance of other CP-based synchronization procedure, i.e. frequency synchronization. Moreover, the incorrect frame start position will introduce multipath distortion, which seriously degrades the system performance. Therefore, the PCC and SCC should be synchronized independently according to their synchronization signal. The following is our proposal:     

Proposal: The SCC should have low penalty synchronization signals to prevent frame timing errors.
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