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1 Introduction
Some discussions on time alignment for 4C-HSDPA were presented in [1, 2]. This tdoc presents the technical analysis and the proposal on the time alignment error for 4C-HSDPA, corresponding to our comments at the time when the decision was made for time alignment requirement for DC-HSDPA.
2 Discussion
2.1 Evolution of the time alignment requirements
Current time alignment requirement defined in TS 25.104 applies to frame timing in Tx diversity, MIMO transmission, DC-HSDPA and DB-DC-HSDPA and other combinations. For readers’ convenience, the minimum requirements for the BS transmitter time alignment as specified in TS 25.104 (V9.3.0), subclause 6.8.4.1, are cited below:
For transmission of multiple cells in different frequency bands the maximum delay between any of the signals shall not exceed 5 Tc.
For transmission of multiple cells within a frequency band the maximum delay between any of the signals shall not exceed ½ Tc.

For transmission of multiple cells at a single transmitter antenna connector the maximum delay between the signals shall not exceed ¼ Tc. 

For Tx diversity and MIMO transmission the maximum delay between any of the signals within a frequency band shall not exceed ½ Tc.

For Tx diversity and MIMO transmission the maximum delay between the signals at the same carrier frequency shall not exceed ¼ Tc
Before the modification, the requirements in TS 25.104 (V9.2.0), subclause 6.8.4.1 are cited below:

The time alignment error in DC-HSDPA, Tx diversity or MIMO transmission shall not exceed ¼ Tc. 

The time alignment error in DB-DC-HSDPA shall not exceed 5*Tc.
The time alignment error in DC-HSDPA-MIMO transmission shall not exceed ½  Tc.

Comparing with requirements in 25.104 (V9.2.0), the readability of the time alignment requirement descriptions in 25.104 (V9.3.0) has been improved. Nevertheless, as stated in the CR (R4-100971), the requirements for DC-HSDPA without MIMO and transmit diversity have been relaxed from ¼ Tc to ½ Tc. 

As we continue to work on the time alignment requirement for 4C-HSDPA, further analyses on the time alignment requirements are necessary.
2.2 Analysis of time alignment requirements
There are two dimensions considered when defining the time alignment requirement, one is the performance dimension and the other is the realization dimension.  
In Tx diversity and MIMO schemes, coded signals are transmitted on two antennas. The time alignment error is specified as the delay between the signals at the two diversity antenna ports. As described in [3], “transmitter time-misalignments tends to negatively impact MIMO schemes involving channel dependent pre-coding, as the pre-coding may need to be performed with finer frequency granularity to track the increased frequency-selectivity of the channel. Thus, there are in general reasons to limit the time misalignment.” Because the time alignment error in Tx diversity and MIMO schemes impacts system performance, time alignment requirements in these scenarios shall be considered firstly. 
In DC-HSDPA scenarios, the purpose of defining the time alignment requirement is to simplify the physical layer realization at both BS and UE sides, especially at UE side. The two carriers can have the same time reference and their downlinks can be time aligned so that they share the same Tcell value. This also simplifies the design of the downlink/uplink timing relationships. In this scenario, the requirements are driven by the simplification of system design but limited by implementation factors that will be discussed in next section.
When MIMO and transmit diversity is considered in DC-HSDPA, the time alignment requirements are driven by both system performance and system design but also limited implementation factors. Considering the example of DC-HSDPA with Tx diversity as shown in Figure 1. Carrier f1a and f2a in white represents two carriers in DC-HSDPA scenario. The time alignment error between f1a and f2a in white is TAE1 which shall be ¼ Tc if following the requirements in 25.104 (V9.2.0) but limited by implementation factors. The carriers in grey colour represent the two diversity branches. The time alignment error between f1a and f1b or f2a and f2b shall be TAE2 (¼ Tc). As overall system performance is limited by TAE2 and TAE1, it’s unnecessary to compare the time alignment error between f1a and f2b or f2a and f1b.

[image: image1]
Figure 1   Time alignment requirement in DC-HSDPA with MIMO/Tx Diversity considered
Figure 2 shows the time alignment requirements for DB-DC-HSDPA with MIMO/Tx diversity considered. Again, the time alignment requirements between the main branch and diversity branch (f1a and f1b or f2a and f2b) are demanded by system performance. The time alignment error between f1a and f2a in white is TAE1 which has been specified as 5*Tc which represents the worst case limited by implementation factors. Again, it’s unnecessary to compare the time alignment error between f1a and f2b or f2a and f1b.

[image: image2]
Figure 2  Time alignment requirements for DB-DC-HSDPA 
2.3 Implementation factors affect time alignment performance
As analyzed in [4], the main devices in the RF part having time delay uncertainty are the BB interface chip, digital channel process chip (ASIC or FPGA), DAC (digital to analog converter) and the duplexer. The RF part mentioned here covers components from the BB interface to the antenna port. 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 speaking, time delay uncertainty of the digital channel processing part caused by FIFO will be less than 20ns. And the maximum time delay uncertainty of DAC will be less than several times of clock periods, typically less than 5ns. The duplexer is a main contributor to the time delay uncertainty in the RF part. Figure 2 and Figure3 show group delay curves of two different bands, and each band has four samples. The average curve is calculated from the four samples, and the average curve is used to represent the duplexer time delay which can be calibrated. After calibration, the duplexer part still has about max 10ns delay ripple (or calibration error) in the whole band (
[image: image3.wmf]D

max curve). The ripple at the band edge is larger than the other frequencies in the operating band. 

As can be seen from the curves of the two bands, though the absolute group delay are different for different bands, the group delay ripple (or calibration error) relative to the average curve are almost in the same level, and this also implies the time alignment error for DB-DC-HSDPA can be much better than 5*Tc. The worst case happens when the carriers are configured at the operating band edge for both DC-HSDPA and DB-DC-HSDPA. But typically, the time alignment error caused by duplexer can be controlled within dozens of ns even across bands. 
[image: image4.emf]Group delay of a 1800MHz duplexer
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Figure 3  Group delay of a 1800MHz duplexer

[image: image5.emf]Group delay of a 700MHz duplexer
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Figure 4  Group delay of a 700MHz duplexer
3 Conclusion and Proposals
Based on the discussions above, the time alignment requirements shall be defined crystal clear. Below are our proposed time alignment requirements. Revision marker is also enabled to reflect the changes on 25.104 (V9.3.0)
For transmission of multiple cells in different frequency bands the maximum delay between any of the signals shall not exceed 5 Tc.
For transmission of multiple cells within a frequency band the maximum delay between any of the signals shall not exceed ¼ Tc.



For Tx diversity and MIMO transmission the maximum delay between the signals at the same carrier frequency shall not exceed ¼ Tc
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