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Discussion and decision 
1 Introduction 
Among the open issues for Rel-11 CA multiple TA is the timing reference for an SCell in an sTAG. In the last RAN2 meeting, the following options were identified in the Chairman’s note [1]: 

Timing Reference (for initial Msg1 timing and for maintaining timing lock): 

a) The PCell is used as timing reference?

b) The SIB2-linked SCell is used as timing reference?

c) The scheduling cell (may be PCell or an SCell) is used as timing reference?

d) The eNB explicitly configures one of the UE’s serving cells as timing reference?

e) The UE may choose any SCell from within the TA group as timing reference?

In this contribution, we present our views on the following aspects:

1. The need for a stable and well-defined reference cell for UL transmission timing

2. Definition of reference cell for UL transmission timing 
3. Reconfiguration of reference cell for UL transmission timing
2 Discussions
2.1 The need for well-defined reference cell for UL transmission timing
In this section, we discuss if there is a need to define a reference cell for UL transmission timing for SCell(s) in an sTAG.

For Rel-10, it is stated in [2] that:

The uplink frame transmission takes place 
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 before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell. When the UE is configured with SCell(s), it shall use PCell as the reference cell for deriving the UE transmit timing.
Hence, in Rel-10 there is a well-defined cell as the timing reference for the SCell, namely the PCell.

To track the DL timing of a cell, the UE can use PSS/SSS/CRS or exploit the OFDM symbol structure (cyclic prefix) of the cell. In principle, the rate of timing adjustment can be around, e.g. 1-10ms, with the actual rate depending on the UE implementation. In addition, the UE has to perform autonomous UL timing adjustment in case the timing difference between the DL reception and the UL transmission changes due to movement of the UE, sudden changes in propagation delay or oscillator drift in the UE, and is not compensated by the timing advance command, according to the rule specified in [2]. 
In case there are multiple SCells in an sTAG, the DL timing for different SCell observed by the UE can be different even though they belong to the same sTAG. If the UE is free to choose any SCell in the sTAG as the timing reference including the freedom to switch cell as it see fits, it can potentially trigger frequent timing advance command from the network or frequent autonomous adjustment action by the UE, which is not desirable. Having a stable and well-defined reference cell removes the uncertainty that that the change in UL transmission timing observed by the network can be a result of the UE changing the reference cell.
Having a well-defined reference cell can also prevent the UE from using inappropriate cell as the reference cell such as deactivated SCell or SCell with poor channel condition. Therefore, a well-defined reference cell helps ensure good timing accuracy.
Furthermore, if the choice of reference cell is completely up to UE, the test procedure for verification of timing accuracy requirement may be more complex since the test needs to take into account the fact that different UE may use different reference cell. Therefore, to facilitate testing, it is also beneficial to specify a well-defined reference cell for UL transmission timing.

Finally in Rel-10, the PCell never gets deactivated and can serve as a reliable timing reference. A well defined reference cell known to both the eNodeB and the UE will also allow the eNodeB to take it into account when deciding which SCell to be deactivated. In other words, the eNodeB can keep the SCell chosen as the reference cell activated for as long as it can.
Proposal 1: There is a need for a well-defined reference cell for UL transmission timing to ensure the stability of UL transmission timing and testability.
2.2 Definition of reference cell for UL transmission timing
As is already pointed out by many contributions e.g. [3]

 REF _Ref308118146 \n \h 
 \* MERGEFORMAT [4]

 REF _Ref308118147 \n \h 
 \* MERGEFORMAT [5]

 REF _Ref308115911 \n \h 
 \* MERGEFORMAT [6], the PCell is not suitable to be used as the timing reference for SCell(s) in a different TAG. This is mainly because the DL timing difference between the PCell and the SCell(s) in the different TAG can be very large (up to 31.3 us) since the cells are not co-located. As a result, the eNodeB’s preamble detection window may not overlap with the arrival of the preamble at the eNodeB [3]

 REF _Ref308118146 \n \h 
[4]. 
Besides, the UE autonomous UL transmission timing adjustment feature was not designed for the case where the reference cell is not co-located with the SCell(s) concerned and can actually degrade the timing misalignment instead of correcting it, e.g. if the UE is moving with high speed from one cell towards another cell [5], and cause harm to the system performance due to increased UL inter-user interference. 

It is clear that the cell that should be used as the timing reference has to belong to the same sTAG.
Proposal 2: The cell that is used as the timing reference belongs to the same sTAG.
Several options have been mentioned in past contributions and in the chairman’s note as the potential definition of the reference cell. To obtain all the benefits as mentioned in Section 2.1, it is sufficient to have a simple definition known by both the network and the UE, e.g. the reference cell can simply be the activated SCell with the smallest SCellIndex in the sTAG. 
[image: image2.png]SCell 1 SCell 2

DL carrier DL carrier

Reference cell, Scellret
(Selected accordingto a predefinedrule,
e.g. activated SCell with the smallest SCellIndex)

. "




In case the reference cell is deactivated or if there is a change in the TAG such that a new reference cell is needed, the UE simply reselect a new cell as the reference cell using the same rule.
As mentioned in Section 2.1, since the eNodeB is aware of the activation status of SCells as well as how the reference cell is chosen by the UE, the eNodeB can take this into account when deciding which SCell(s) within a sTAG to be deactivated or deconfigured in case not so many SCell(s) are needed anymore. The SCell used as the reference cell can be kept activated for enabling a stable reference cell.

It should be noted there seems to be no need to restrict the RACH procedure to be performed only on the cell designated as the reference cell. The network can always choose to configure RACH for the cell used as the reference cell. But if needed, RACH can also be configured for multiple SCell(s) in the sTAG and the RACH procedure for the sTAG can be carried out on any of those SCell(s) within the sTAG.
Proposal 3: It is sufficient to have a simple definition known by both the network and the UE, e.g. the reference cell can simply be the activated SCell with the smallest SCellIndex in the sTAG.
Proposal 4: There is no need to restrict the RACH procedure to be performed only on the cell designated as the reference cell. The network can always choose to configure RACH for the cell used as the reference cell. But if needed, RACH can also be configured for multiple SCells in the sTAG and the RACH procedure for the sTAG can be carried out on any of those SCell) within the sTAG.
3 Conclusions
Our proposals are as follows:

Proposal 1: There is a need for a well-defined reference cell for UL transmission timing to ensure the stability of UL transmission timing and testability.
Proposal 2: The cell that is used as the timing reference belongs to the same sTAG.
Proposal 3: It is sufficient to have a simple definition known by both the network and the UE, e.g. the reference cell can simply be the activated SCell with the smallest SCellIndex in the sTAG.
Proposal 4: There is no need to restrict the RACH procedure to be performed only on the cell designated as the reference cell. The network can always choose to configure RACH for the cell used as the reference cell. But if needed, RACH can also be configured for multiple SCells in the sTAG and the RACH procedure for the sTAG can be carried out on any of those SCells within the sTAG.
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