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1 Introduction
In the San Francisco meeting (RAN2#76) it was discussed what should be the timing reference for an SCell-only TA group. The following agreements were reached:

	Agreements

 

1    UL timing is same for all the serving cells within the group (all UL SCells transmit simultaneously)

 

2    There is at any point in time one DL timing reference per group which is used as reference for the TA command and to lock the UL transmission to (same as PCell for Rel-10).

 

3    The SCell used as downlink timing reference must be known by the network.

 

4    The SCell used as downlink timing reference must be in the same time alignment group.

 

5    The SIB2-linked SCell where the RA was performed is used as timing reference for all UL SCells in the time alignment group. (error cases still need more discussion)

 


In the Dresden meeting (RAN2#77) companies had submitted contributions pointing out error cases they foresaw related to agreement 5 and some alternatives to solve these error cases. One of the alternatives for solving the error cases is to revert agreement 5 and instead, in each TA group, use the activated cell with the lowest ServCellIndex as timing reference. In this contribution we will further discuss the issues related to the above agreement 5 and why we believe the agreement should be reverted in favour for the lowest ServCellIndex-solution.
2 Timing jumps

The motivation for agreement 5 was that some companies have shown concern that there will be “timing jumps” when switching timing reference if the the lowest ServCellIndex-solution is used. It has been proposed that these timing jumps depend on either a time alignment error or a difference in propagation delay between two cells in a TA group. We will in section 6  explain our understanding of timing jumps. We conclude that, regardless of timing reference selection mechanism, timing jumps will not be a problem in Rel-11, as it was not a problem in Rel-10. 
3 Timing reference in LTE
The timing reference is used by the UE to know when uplink subframe start should begin to be transmitted. The timing reference could be seen as a clock that beats with a period of one millisecond. In earlier releases the DL of the PCell was used as timing reference and the UE transmits the uplink signals a time t, given by the TA value, before the downlink subframe start on the PCell is received. Since the UEs use a timing reference that is provided by the network rather than an internal timing reference their timing will not drift relative to each other.

As UEs can know the DL timing for any activated DL serving cell any of them could be used as timing reference and we therefore believe that we should have mechanism for selecting it which is as simple as possible.
3.1 Timing reference selection mechanisms
It was agreed in the RAN2#76 meeting that the timing reference should be the cell which performed random access but that error cases should be discussed further. In contributions submitted to the RAN2#77 meeting it was identified several issues with the agreed mechanism. When the current timing reference is deactivated or moved to another TA group there is no automatic switch of the timing reference and hence there is a need to introduce additional mechanisms to handle these situations. 
3.1.1 Timing reference switching procedure
With the current timing reference selection mechanism one open issue is when, during the RA procedure, the timing reference should be switched and if the uplink transmissions also need to be stopped during the RA procedure. It has been agreed that the UE should maintain one timing reference per TA group. Then the timing reference switch either needs to be done at PDCCH order for random access, at preamble transmission or at completion of the random access procedure. These alternatives have different drawbacks. If the timing reference is switched upon reception of PDCCH order for RA or at preamble transmission RAN2 will need to resolve yet another open issue, namely; what should happen upon random access failure. If the timing reference instead is switched at completion of the random access procedure, preambles will be transmitted using another cell as timing reference.
If instead the timing reference would be the activated cell with the lowest ServCellIndex in each TA group the switching would be made automatically. There is no need for further specification efforts to handle random access procedures.
3.1.2 Deactivation of timing reference

Aside from expiry of the sCellDeactivationTimer cells can be deactivated from explicit signaling from the eNB. Reasons for this could be that the eNB would deactivate a component carrier to save energy and thereby this carrier needs to be deconfigured for all UEs. If the eNB should be able to efficiently perform load balancing it needs the possibility to dynamically activate/deactivate cells. Also if a UE experiences bad channel condition on a serving cell and it therefore needs to be deactivated, the eNB needs to have the flexibility to deactivate any serving cell, including the timing reference cell. The current timing reference selection mechanism requires the eNB to treat the timing reference cell in a special way which imposes an unnecessary restriction. Deactivation of the current timing reference cell requires a preceding random access procedure which creates delay, RACH load and a risk of RA failure. Uplink transmissions on all cells in a TA group needs to be suspended when the timing reference cell is deactivated.
With the lowest ServCellIndex-solution deactivation of the timing reference cell, neither ordered by eNB nor due to expiry of the sCellDeactivationTimer, implies any extra effort or risk. There is no need for further specification efforts to handle deactivation of the current timing reference cell.
3.1.3 TA group change

The TA group assignment of a serving cell might change during the lifetime of the serving cell. If a serving cell acting as timing reference is moved out of its TA group, that TA group will be no longer be in synch. Either the eNB performs a random access prior to the TA group change, which as well as for deactivation implies delay, RACH load and risk for RA failure, or the cells in that TA group will be out of synch and the TA timer should then be stopped.
If instead the activated cell with the lowest ServCellIndex is used as timing reference, at TA group reconfiguration of the timing reference a new timing reference will automatically be reselected and the TA group will not become out of synch. There is no need for further specification efforts to handle a TA group change of the timing reference cell.
3.1.4 Specification effort and performance
The current timing reference selection mechanism will require the UEs to perform unnecessary random access procedures. This will increase RACH load and delay when performing certain procedures. If uplink transmissions need to be suspended during the random access procedures then throughputs will be suffering as well.
Each cell which should be used as timing reference also needs to have RACH configured, which is not the case if the lowest ServCellIndex-solution is used.

4 Conclusion

In the email discussion [77#26] regarding the timing reference for SCells it was expressed by many companies a concern for “timing jumps”. We have in this contribution analysed the issue and concluded that there will not be any problem with timing jumps if TA grouping is done in a sensible way. We also showed a scenario where timing jumps can already happen in earlier releases and these scenarios are already covered by the current specification. We have listed examples in when the timing reference needs to be switched and we do not believe that this should be considered a corner case.
To avoid complexity and extra specification efforts we believe that the activated cell with the lowest ServCellIndex should be used as timing reference in each TA group.

Proposal 1 The activated cell with the lowest ServCellIndex should be used as timing reference in each TA group.
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6 Annex – Timing jumps
In this section we will describe our understanding of “timing jumps” and explain why we do not believe they will create any problems.
6.1 Time Alignment Error

RAN4 has specified timing requirements which dictates the largest allowed timing misalignment for cells; this timing misalignment is called time alignment error (TAE). In intraband contiguous scenarios TAE is 0.13 μs. In interband scenarios TAE is 1.3 μs. RAN4 is currently discussing what TAE should be in intraband non-contiguous.

The impact of a TAE is shown in Figure 1 REF _Ref319868900 \h 
 below. The eNB is having two cells; red and pink. There are two UEs, one green and one blue. The pink cell is delayed by a time TAE in relation to the red cell. Consequently the two UEs receive the downlink signals on red and pink cell non-time aligned.
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Figure 1: The eNB has two cells which are transmitted with a timing alignment error (TAE).
Here an example will be illustrated which shows that if the TAE between two cells is larger than one TA-step the cells should not be placed in the same TA group. In this example the green UE is configured with both red and pink cell. Not assuming any particular timing reference selection mechanism, the red cell happens to be the timing reference for the TA group. Hence the uplink transmissions on the red and pink cell will be done by green UE relative to the downlink reception timing of the red cell. The blue UE is only configured with the pink cell and this cell is naturally the blue UEs timing reference.

To achieve uplink synchronization the green and the blue UE perform random access. In this example the green UE performs random access on the red cell, but this is only an example and the green UE could equally well perform random access on the pink cell. The blue UE performs random access on the pink cell. The eNB will upon preamble reception measure the preamble reception timing and compare this timing to the wanted uplink reception timing. This time difference is used to create a TA value which will, in a later stage of the random access procedure, be sent to the UE performing random access. This is illustrated in Figure 2 REF _Ref319869132 \h 
 below.
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Figure 2: Preamble transmissions by green and blue UE.
When the UEs have applied their TA values, subsequent uplink transmissions will be advanced by the amount specified by the TA value. As the green UE performed random access on the red cell, green UE’s TA value is set to make uplink signal to red cell reach time aligned. As the blue UE performed random access on the pink cell, blue UE’s TA value is set to make uplink signals to the pink cell reach time aligned. But, green UE was configured such that both red and pink cell are in the same TAG and they thereby share TA value and timing reference, meaning their uplink signals will be transmitted at the same time. As a consequence of grouping serving cells in the same TAG there will be timing misalignment. This is apparent when comparing the uplink signal reception timing for the pink cell between the green and blue UE. See Figure 3 REF _Ref319869258 \h 
 below. In the figure it is seen that the uplink signals from green and blue UE to the pink cell is misaligned by the same amount as the downlink signals for red and pink cell are misaligned, i.e. the TAE.
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Figure 3: Timing misalignment on pink cell as a consequence of TAE.
The above example shows that if two cells are grouped together there will in general be a misalignment in uplink equally big as the TAE. If the TAE is larger than one TA step it means that the uplink signals will reach with a timing misalignment larger than one TA step. Therefore TA grouping should not be done such that cells with a TAE larger than one TA step are placed in the same TA group. Such TA grouping would reduce the amount of time dispersion the system could handle when the cyclic prefix also has to compensate for faulty TA grouping.
6.2 Propagation delay difference

In an often quoted LS reply from RAN4 [1], to the question if there is a need for multiple TA values in LTE Rel-10 RAN4 replied that in 97-98 % of the cases the timing difference is smaller than one TA step. This LS reply is based on a ray-tracing simulation performed by DoCoMo and presented in their paper [2]. The results shows there is a 2.5 – 3 % probability that for two carriers in different frequency bands of that the first path reaches with a larger time difference than 0.52 us (i.e. one TA step) and they are never larger than 2.5 us.

The simulations were done in an interband scenario with carrier frequencies 800 MHz and 2 GHz and there is a small probability of path delay difference larger than one TA step. It is reasonable to expect that in an intraband scenario the maximum path delay timing difference is insignificant.
6.3 Corner effect

Due to the nature of radio propagation, signals can travel multiple paths from transmitter to receiver and different paths have in general different path delays. An example is seen in the left part of Figure 4 REF _Ref319869938 \h 
 below where a UE receives two components of a signal. The red line-of-sight component, which is expected to be the strongest component, and the blue component, which is bounced off a building and therefore weaker.

If the UE moves along the dashed path, the red line-of-sight component will get blocked by a building and the strongest component will instead be the blue component as seen in the right part of the figure. The effect seen in this scenario, where the main component changes suddenly as a UE moves around a corner of a building, is sometimes called the corner effect.
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Figure 4: Example of path delay difference and the corner effect.

The corner effect will impact the timing of the signal which the UE receives from the eNB. A change in timing, larger than one TA step, is not at all remarkable. This can of course also happen in previous releases of LTE and are already handled by current specification.

We have in this annex seen that timing jumps larger than one TA step will not happen due to timing reference changes when TA grouping is done such that cells with a TAE larger than one TA step are not placed in the same TA group. Path delay difference is not expected to be a bigger problem in Rel-11 compared to earlier releases so unless previous releases are broken we do not expect any problems in Rel-11.
Observation 1 Timing jumps will not be a problem in Rel-10 as it was not a problem in Rel-10.
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