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1 Introduction
Some discussion of time alignment for CA BS TR was presented in [1, 2, 3] in last RAN4 meeting. The basic requirements for CA could be developed from the requirements in TS 25.104, sub clause 6.8.4 Time alignment error in Tx diversity, MIMO transmission, DC-HSDPA and DB-DC-HSDPA. However, the requirements in [1, 2, 3] have some inconsistency for contiguous CA scenario. This tdoc will discuss this problem and give some technical analysis on factors affect the time alignment error.
2 Discussion
2.1 Factors affect the time alignment error

Signal transmission in the baseband and RF parts will have time delay. In order to meet the system performance requirement in some scenarios, signals must meet the time alignment error requirement at the antenna port(s). The time delay in the BB and RF parts could be calculated and calibrated. However, due to the limitation of the devices capability, some time delay uncertainty could not be calibrated, which results the time alignment error. Generally, the time delay in the BB part could be calculated precisely. So the time alignment error is determined mainly by the RF part. The RF part mentioned here covers from the BB interface to the antenna port as shown in Figure 1. 
The main devices in the RF part have time delay uncertainty are the BB interface chip, digital channel process chip (ASIC or FPGA), DAC (digital to analog converter) and the duplexer. The main stream BB interfaces in mobile communication are CPRI and OBSAI. The chip with the state-of-the-art technology to realize the CPRI or OBSAI function may have less than 10ns time delay uncertainty. Generally, time delay uncertainty of the digital channel process part caused by FIFO will be less than 20ns. The maximum time delay uncertainty of DAC will be less than several time clock periods, typically less than 5ns. 

[image: image1]
Figure 1  Factors affect the time alignment error in RF part
The duplexer is another main contributor to the time delay uncertainty in the RF part. The simulation result of a Band1 duplexer is shown in Figure2. As can be seen from the result, the group delay is different in the whole band. The maximum and minimum delay may be exceeds 30ns. And for the duplexer with sharper transition bandwidth, the group delay difference in the operating band will be larger. It is not easy to calibrate the time alignment error caused by the duplexer in mass production due to the device dispersibility. 
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Figure 2 Group delay of a Band1 duplexer

The transmitter structure shown in Figure1 could be used to implement the intra-band CA if the transmitter can support large enough bandwidth. In this case, the time alignment error is caused mainly by the group delay difference of the duplexer. The worst case happened when the component carriers configured at the operating band edge. However, from implementation point of view, the intra-band CA could also be realized by two Tx branches and two antennas. Time alignment error in this case depends on the realization of the two Tx branches and the connection manner of the RF part and the BB part.

[image: image3]
Figure 3  Factors affect the time alignment error in intra-band CA with two antenna ports
Case I:  
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Case II: 
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Case III: 
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Case IV: 
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Though BB1 and BB2 must be synchronized, the time alignment error in this case is the worst one. The main contributor to the time alignment error in case I to case III is
[image: image8.wmf]2
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. Typically, case IV is realized by one RF module with multiple Tx branches. Since the digital parts (including CPRI, digital channel process and DAC) in case IV are common for Tx branches, the time alignment error is caused mainly by the duplexer.
2.2 CA time alignment requirements
The description of time alignment error in Tx diversity, MIMO transmission, DC-HSDPA and DB-DC-HSDPA was changed in [4]. 
For inter-band CA, Tx diversity and MIMO, the requirements of time alignment could be derived in a similar way:
a) For transmission of aggregated carriers in different operating bands the maximum delay between any of the signals shall not exceed [20*65] ns.
b) For transmission of aggregated carriers within an operating band the maximum delay between any of the signals shall not exceed [2*65] ns.

c) For transmission of aggregated carriers at a single transmitter antenna connector the maximum delay between the signals shall not exceed [65] ns.
d) For Tx diversity or spatial multiplexing transmission the maximum delay between any of the signals within an operating band shall not exceed [2*65] ns.

e) For Tx diversity and spatial multiplexing transmission the maximum delay between the signals at the same carrier frequency shall not exceed [65] ns.
Based on analysis in section 2.1 and in [5], the suggested values for CA are realizable. But for intra-band CA, requirement b) and c) will have inconsistency in the scenarios illustrated in Figure 4.

[image: image9]
Figure 4 Contiguous CA scenarios
As shown in Figure4, the contiguous CA is realized by two Tx branches and two antennas in scenario 1, while in scenario 2 the aggregated carriers are combined by a combiner and transmitted by a single antenna. From the implementation point of view, the actual time alignment error is dominated by RF parts and synchronisation circuitry, which means the time alignment error in these two scenarios should be the same. But the requirements derived in a similar way based on [4] are not same for intra-band contiguous CA scenarios shown above. In order to eliminate the inconsistency, the requirement for transmission of aggregated carriers within an operating band and at a single transmitter antenna connector should use the same value, either [2*65] ns or [65] ns. Based on the analysis in section 2.1, it is possible to use the stringent value for both scenarios. However, some type of chips to realize the BB interface may have larger time delay uncertainty, which will increase the total time alignment error especially for the intra-band CA realized by two Tx branches. 
3 Conclusion
In this contribution we discuss the time alignment problem in CA scenario and analyze the factors affect the time alignment error. We hope these factors could be considered when defining the time alignment requirements in CA.
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