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1 Introduction

In TSG-RAN#46 a new work item, “Four Carriers HSDPA”, was approved [1]. In TSG-RAN#47 a number of implementation scenarios were also agreed [2].

In this document we propose a revision of the transmitter time alignment error requirement, currently specified based on dual-cell operation. We propose a way forward on how the requirement can be modified so it not only fits already agreed scenarios for 4C-HSDPA, but also future scenarios. This proposal is a continuation of the analysis presented in [3].
2 Discussion
Currently, the minimum requirements for the BS transmitter time alignment are specified in TS 25.141, subclause 6.8.4.1, as follows:
a)  For transmission of multiple cells in different frequency bands the maximum delay between any of the signals shall not exceed 5 Tc.
b) For transmission of multiple cells within a frequency band the maximum delay between any of the signals shall not exceed ½ Tc.

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

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

e) For Tx diversity and MIMO transmission the maximum delay between the signals at the same carrier frequency shall not exceed ¼ Tc
2.1 Proposal to cleanup the present minimum requirement formulation

Requirement b) refers to any type of signals that can exist in a multi-carrier transmission. This requirements applies if the BS Tx has two antenna ports and MIMO or Tx diversity is not used. Accordingly, the UE must be able to handle ½ Tc anyway, making the requirement c) obsolete. Requirement d) only introduces the clarification that ½ Tc applies for MIMO and Tx Diversity transmissions, which is in fact already included in requirement b)

For these reasons requirements b) and c) can be removed., and eventually clarified that MIMO or Tx diversity tranmissions are included under requirement b).
2.2 Proposal to clarify the requirement
In [3] we have shown that, depending on the 4C-HSDPA scenario, the minimum requirement will have to accommodate a larger number of signals.  We think the formulation “maximum delay between any of the signals” is a bit unfortunate and does not clearly express the object of the minimum requirement. In fact, we are interested to set a requirement for the size of the time window which contains all the transmitted signals (including MIMO or TX diversity components). Ideally, the minimum requirement for time alignment error should be formulated so that it is not affected when more signals are added in the multi-carrier transmission. 
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Figure 1 Example: Dual band 4C-HSDPA configuration, 2 carriers in each band, Tx diversity on all 4 carriers. 
In practice, the time alignment between two signals is evaluated by doing measurements on each signal in relation with a common timing reference, for example one which can be extracted from the base station (e.g. SFN). In this case, for each signal, its frame start delay from the time reference will be measured. The timing difference between different signals can be expressed as the difference of the respective signals’ delays from the time reference:

 d1=|t1-t0|, d2=|t2-t0|, … dn=|tn-t0|

For example, the timing difference between signal 1 and signal 2 is d12=|d1- d2|

Accordingly, we can define the Time Alignment Error (TAE), as being the time difference between the most misaligned signals. To be consistent with the existing requirements a), b) and e) we define TAE for:

· multi-band transmissions, TAEMB , as the largest timing difference between signals in different bands, in a multi-band HSDPA transmission.
· multi-carriers transmissions in one frequency band, TAEMC , as the largest timing difference between signals in a multi-carrier HSDPA transmission in one frequency band.
· MIMO or Tx Diversity transmission on each carrier, TAEMIMO / TAETxDiv, as the as the timing difference between the MIMO/Tx Diversity signals, at each carrier frequency.
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Figure 2 Representation of TAE requirements for signals in a Dual Band 4C-HSDPA transmission with TX diversity on all 4 carriers. TAEMB = dn- d1 , TAEMC = dm- d1, TAETxDiv = d2 - d1 (for F1a).
In conclusion, the proposal is to:
· Introduce a clear definition of the time alignment error, instead of just a minimum requirement that somehow also contains the definition.

· Time alignment error between is defined as a largest timing difference between considered signals, instead of the “maximum delay between any of the signals”.

· Cleanup the present minimum requirement and remove requirements c) and d).

2.3 Proposal for a new formulation of the subclause 6.8.4 in TS 25.104
This is an alternative proposal for the subclause 6.8.4 Time Alignment Error in TS 25.104, including a clear definition of time alignment error, and a minimum requirement:

6.8.4 Time alignment error
This requirement applies to frame timing in Tx diversity, MIMO transmission, multi carrier transmission (DC-HSDPA, DB-DC-HSDPA, 3/4C-HSDPA) and their combinations.
Frames of the RF signals present the the BS transmitter output are not perfectly aligned in time. In relation to each other, the RF signals present at the BS transmitter output experience certain timing differences.

For a specific set of signals/transmitter configuration/transmission type, time alignment error (TAE) is defined as the largest timing difference between two signals.
6.8.4.1
Minimum Requirement

For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed ¼ Tc

For transmission of multiple cells, w/o MIMO or TX diversity, in the same frequency band TAE shall not exceed ½ Tc

For transmission of multiple cells, w/o MIMO or TX diversity, in different frequency bands TAE shall not exceed 5 Tc
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