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1 Problem

In UTRA-FDD the UE needs to select the timing for its Tx signal such that the transmission of uplink frames occur with a given offset (1024 chips) with respect to the reception of the corresponding downlink frame via the first detectable path (in time) of a reference cell. The reference cell must be a member of the active set. As long as only one cell is in the active set this definition is clear and unambiguous. When a second cell is added to the active set, the reference cell should not change as long as the original reference cell remains in the active set. This behaviour of the UE is not explicitly defined in TSG RAN1 specifications, but it is implicitly stated through a reference to a test case in TS 25.133 v 3.7.0, in Annex A.7.1. Currently, 3GPP specifications do not describe what the reference cell for the UE Tx timing should be when the current reference cell is removed from the active set and more than one other cell remain in the active set.

2 New proposal 

In R4-011416 it is proposed to specify the UE behaviour in the described situation by requiring that “the reference cell shall be the one from which the UE receives the first detected path (in time) amongst the paths used in the demodulation process at the time of active set update command”. This solution has several drawbacks:

· The UE cannot always be sure to know which path is received first in time. This would require additional information that is not always available to the UE, such as relative cell timing that could be signalled by the network or measurements of the relative cell timing performed by the UE. Maybe the proposal in R4-011416 was intended to define the new reference cell to be the cell from which the UE receives a particular downlink frame as the earliest in time. This is not necessarily the cell from which a path is received earliest in time, i.e. in general it is not the closest or strongest cell. Note that UTRA-FDD is an asynchronous system.

· The cell that is received first in time (or the one being perceived as the first in time by the UE) might be a bad candidate for the new reference for UE Tx timing in several situations. In UTRA-FDD, the cells in the active set must be received within a certain Rx time window (1024 +/- 148 chips before the current Tx timing). Paths that were received within the valid Rx time window so far but which were received more than 148 chips later than the new reference path would fall out of the valid Rx window after the UE Tx timing adjustment is completed. Furthermore, about half of the valid Rx window would not be used from the moment after the Tx timing adjustment is completed until the next cell with an earlier timing than the reference cell is added to the active set. So the “late” side of the valid Rx window would always be populated much more that the “early” sine. Ideally, in the case that cells are moved out of the valid Rx window, the network would have to adjust the downlink timing of these cells accordingly. Unfortunately, in R99 this downlink timing adjustment is not possible due to missing mechanisms in higher layers. In that case these paths would be lost and some cells could eventually drop out of the active set although their Rx strength is very good. So shifting the valid Rx window should be minimized.

· If the proposal in R4-011416 is accepted, a reconsideration of the definition of the valid Rx window is needed. In particular it would be necessary to incorporate an asymmetric time window for valid Rx offsets in order to make efficient use of the valid Rx time window. For instance, the Rx time window could be defined as the window from 1024 chips to 1024 –296 chips before the current Tx timing. Such a change would be quite late for R99 and probably not acceptable.

· If the cell received earliest in time (or the one being perceived as the first in time by the UE) is used as the new reference, it could require quite a large amount of slewing. In the worst case it could be as much as 148 chips. With the minimum required slewing rate of 233 ns per second, it could take as long as 165.4 seconds to reach the correct new UE Tx timing. During that time (more than two minutes) the UE would be constantly slewing and there is a considerable probability that the new reference cell could actually have faded away completely before the new reference timing was established correctly. The UE would have to select a new reference cell again. So the UE might easily end up in a situation in which the UE is constantly slewing, which should be prevented.

· The reference "at the time of active set update command" for the decision point in time to select the new reference cell is not really very precise. The UE is starting to use new cells for demodulation after it received and processed the active set update command. So a better point in time might be the time when the UE starts to send a message that the active set update has been completed.

3 Alternative solution

In the event that the reference cell for the UE Tx timing is removed from the active set while more than one other cell remain in the active set, it would be advantageous to select the cell that requires the smallest amount of slewing as the new reference cell. Or to be more precise: “Among all remaining cells in the active set, the new reference cell should be the cell for which the point in time when the boundary of a downlink DPCCH/DPDCH frame is received via the earliest detectable path (in time) of that particular cell is closest to the point in time that is 1024 chips before the transmission of the corresponding uplink DPCCH/DPDCH frame boundary occurs.” This would have several advantages:

· Smallest change of valid Rx time window, so that the likelihood that other paths fall out of the valid range is minimized. 

· Compatible with a symmetrical definition of valid Rx time window, i.e. almost balanced loading of the “early” and “late” parts of the valid Rx time window.

· No impact on the network side.

· Shortest possible period of time during which the UE Tx timing is adjusted, i.e. lower UE complexity.

· More reliable set-up of downlink timing of cells that are to be added to the active set due to a more constant UE Tx timing.

· Better performance of UE positioning due to more constant UE Tx timing.

· No need to have knowledge of the relative cell timing.

4 Conclusion

As pointed out above, the proposed definition of the UE behaviour in R4-011416 has some major drawbacks. We feel that in particular the potential removal of strong cells from the active set and the risk of almost constant slewing are prohibitive. An alternative method to define the new reference cell for the UE Tx timing in case that the reference cell is removed from the active set has been summarized. This method offers several benefits as pointed out above.

In previous discussions in TSG RAN1 on this issue, TSG RAN1 has also considered the soft handover situation and decided to refer for this part of the UE behaviour to the requirements defined in the corresponding test cases of TS 25.133. Currently there seems no urgent need to specify the details of the UE behaviour beyond of what is already included in the specifications. 

However, if TSG RAN4 feels that this missing part of the UE behaviour description needs to be specified, i.e if the selection of a new reference cell for the UE Tx timing in the event that the original reference cell for the UE Tx timing is removed from the active set while more than one other cell remain in the active set needs to be specified, it is strongly recommended to adopt the solution described in Section 3 of this document. In this case a proposal for a CR would be provided.

