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1 Introduction

In the last RAN2 meeting, discussion on Multiple Timing Advance started as part of the Work Item on Carrier Aggregation Enhancements for Rel-11.
This contribution discusses some of the properties of multiple TA as TA timer handling and TA grouping that need to be decided in RAN2. 
2 Discussion
2.1 Multiple timing advance and timing advance groups

In Rel-10 there is only support for one timing advance applied to all UL component carriers which are active in the UE. While in Rel-10 only intra-band aggregation is allowed for the uplink, Rel-11 will support inter-band aggregation as well. Furthermore, deployment scenarios including Remote Radio Head (RRH) and Frequency Selective Repeater (FSR) make it necessary to consider the aggregation of UL carriers in the UE that are determined by different propagation delays.
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Figure 1 – Example of UE aggregating four UL carriers grouped within two TA groups
In order to support such scenarios it is necessary to support more than one timing advance.
However, deployment scenarios will consist mostly of co-located cells. It is a realistic assumption that in the case that an UE aggregates the maximum number of uplink cells, the number of locations these uplink cells are received at will be lower. Therefore, it is not necessary to support a separate timing advance for each UL of an aggregated cell in the UE. Since cells in the same frequency band which are received at the same location experience the same propagation delay, such cells, when aggregated in a UE, can be grouped together and share a timing advance. While the concept of TA groups will require the indication of the UL carrier – TA group relations, we propose to adopt such concept for the simplicity and robustness in the UE and eNB since this concept reduces the number of timing advances that need to be handled simultaneously. This also allows the synchronization to the cell with difficult condition of the timing synchronization purely from individual cell because of HetNet usage.
Proposal 1: More than one UL cell can share the same timing advance by forming TA groups
2.2 Handling of TA timer

In last meeting, the Time Alignment Timer (TAT) was discussed shortly for the case of multiple Timing Advance (TA) [1].
Concerning this discussion we see two alternatives for the TAT.

Alternative 1: TAT runs for each TA group

In this alternative, for each reception of Timing Advance Command MAC CE, TAT starts and runs individually for each TA group. This also covers the case that there is TAT for each CC.
Alternative 2: TAT runs only for TA group containing PCell

In this alternative, SCells which do not belong to TA group containing PCell do not have TAT. The behaviour for these SCells is specified as the interaction to TAT for TA group containing PCell. While the TAT for TA group containing PCell is running, UE assumes that all UL CCs are synchronized. eNB assigns PUSCH based on eNB's understanding of UL synchronization which could be different from UE's understanding .
When TAT expires, we envisage that the following behaviour would be carried out similar to Rel-10.

-
flush all HARQ buffers;

-
notify RRC to release PUCCH/SRS;

-
clear any configured downlink assignments and uplink grants
From HARQ buffer management perspective, alternative 2 means to keep HARQ buffer longer than alternative 1. To keep HARQ memory contents longer has some impact on the battery when long DRX cycles are used [2]. On the other hand, the difference of keeping HARQ buffer contents is still governed by maximum TAT value for TA group containing PCell. Even though alternative 1 seems to have a slight benefit, we envisage no big difference on the required time to keep the contents of the HARQ buffer.

From PUCCH perspective, there is no difference between the two alternatives if RAN1 keeps the same behaviour from release 10, i.e. that PUCCH is only on PCell.

From SRS perspective, the SRS transmission from UE should be avoided if UE does not confirm the UL synchronization. Immediately after activation an SCell is not synchronized. In order to control such a case, alternative 1 is useful. If only aperiodic SRS is used in SCell, there is no difference between the two alternatives.

From SPS perspective (configured downlink assignments and uplink grants), again, the two alternatives do not differ if RAN1 keeps the same behaviour from Rel-10, i.e. that PUCCH is only on PCell.
Considering the above we think that alternative 1, i.e. a TAT runs for each TA group is the better alternative.
Proposal 2: TAT runs for each TA group.

It was already mentioned above that there is no need to apply a separate timing advance to each UL cell aggregated in the UE. It is assumed that the TA procedure for a TA group is a copy of the Rel-8 TA procedures to each group. According to the proposal 2 TAT runs for each TA group, we think it is natural the TAT of each TA group is controlled via a separate Timing Advance Command MAC CE. But it might be further discussed whether each TA group is controlled via a separate Timing Advance Command MAC CE or the TA commands can be grouped into one per UE MAC CE .

As in Rel-10/11 the maximum number of aggregated cells is 5, limiting the maximum number of TA groups below 5 makes sense considering that the case of one TA per CC when 5 CCs are aggregated is not needed. The determination of the exact number of TA groups should be left to RAN4.

Proposal 3: Limiting the maximum number of TA groups makes sense. The exact number of allowed TA groups is FFS and is up to RAN4 decision.
TAT runs for each TA group could trigger the condition that TAT containing PCell expires but the remaining TAT (containing only SCells) do not expire. Since PCell should control per UE level behaviour allowing UL transmissions on SCells while UL transmission on PCell is not possible should be avoided since the state of only SCell UL being active without PCell UL requires new behaviour for the case that PDSCH is assigned but no PUSCH is assigned i.e. no PUCCH transmission. In addition, the lack of PCell synchronization may invoke the synchronization status of SCell depending on the implementation. In order to assure that further UL transmission on SCells is not possible anymore after TAT containing PCell expires, we propose that after TAT containing PCell expires, the other TATs (those not containing PCell) should immediately expire as well, even though TA is still ok for those groups.
Proposal 4: If TAT containing PCell expires, the other TATs not containing PCell simultaneously expire as well.
3 Conclusions

This contribution discussed several issues on TA procedures necessary for multiple TA supported and makes the following proposals.
Proposal 1: More than one UL cell can share the same timing advance by forming TA groups

Proposal 2: TAT runs for each TA group.
Proposal 3: Limiting the maximum number of TA groups makes sense. The exact number of allowed TA groups is FFS and is up to RAN4 decision.
Proposal 4: If TAT containing PCell expires, the other TATs not containing PCell simultaneously expire as well.
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