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1 Introduction
It has been agreed (WG2#75) that it is needed to support Timing Advance Group change except for the PCell. We will in this contribution propose that the PCell Timing Advance Group should belong to a default Timing Advance Group with the group index 0, and where SCells without Timing Advance Group assignment will be placed.
It has also been agreed (WG2 #76) that there will be one Timing Advance value per Timing Advance Group. In the current MAC specification it is only possible to send one Timing Advance value to the UE that is valid for the PCell and for all SCells in the same Timing Advance Group as the PCell. What is missing is a way to send the Timing Advance values for one or several Timing Advance Groups to the UE. This paper also discusses how the Timing Advance value for the Timing Advance Groups can be sent to the UE.
2 Default Timing Advance Group

Since there is no need to support Timing Advance Group change for the PCell and since the PCell will always exist, it would make sense to place the PCell in a default Timing Advance Group. SCells without a Timing Advance Group assignment could then be placed in this default Timing Advance Group. It is expected that Rel-10 deployments, i.e. single Timing Advance deployments, will be common also in Rel-11 and it would in these scenarios not be necessary to signal Timing Advance Group identities for SCells if they are placed in the default Timing Advance Group. Hence, having a default Timing Advance Group will decrease signalling and avoid complexity in the system.
Proposal 1 The Timing Advance Group containing the PCell is considered the default Timing Advance Group, and SCells without a Timing Advance Group assignment is placed in this default Timing Advance Group.
3 Sending TA values for different Timing Advance Groups
To maintain an up to date Timing Advance value for all Timing Advance Groups, it is necessary to send Timing Advance Commands to the UE at regular intervals containing Timing Advance values for those Timing Advance Groups that the network intends to keep in uplink sync.
The following aspects must be considered when deciding on a solution for how this can be done:

A. Is it necessary to introduce a new MAC control element, or can we extend the existing one to also handle Timing Advance values for all Timing Advance Groups?

· The existing TAC MAC control element can be extended provided that the meaning of the control element is the same when the two R fields are set to zero. If we assume that the Timing Advance Group that the PCell belongs to is always having the value zero, then it is possible to reuse the existing TAC MAC control element for other Timing Advance Groups as well by using values 1, 2 and 3 for identifying these groups.
B. Is there a need to have one MAC control element containing TA values for all Timing Advance Groups, or can we have many MAC control elements where each element contains TA value for one specific Timing Advance Group?

· The answer partly depends on how often it is necessary to send timing advance values to the UE for more than one Timing Advance Group. In the general case it must be considered to be unusual for a UE to use more than one Timing Advance Group, since this is only needed when the UE is having a very high data throughput and in combination with the use of serving cells at different locations. Also, when a UE is handling high data throughput it does not really matter if there is an overhead in the MAC control elements for handling these timing advance values.
Furthermore, if timing advance values for all Timing Advance Groups should always be sent at the same time, then it would be a stronger argument for having them in the same MAC control element. However, there seems to be no reason for why we should require the timing advance values for all Timing Advance Groups to be sent at the same time. On the contrary it is sometimes useful to send timing advance values for only a subset of the Timing Advance Groups if the purpose by the network is to not keep some of the Timing Advance Groups in uplink sync.
Hence, using one MAC control element per Timing Advance Group should not be a problem.
C. How many TA groups do we need? This specifies the required value range for the TA group identity.
· In the current standard the maximum number of serving cells to be handled by one UE is 5, and in that respect it would seem logical to also allow up to 5 Timing Advance Groups. However it seems that having a maximum limit for the number of Timing Advance groups that is less than the maximum number of serving cells is more realistic.
Using two bits for encoding the identity of a Timing Advance Group gives up to 4 different Timing Advance Groups, and this should be sufficient also in the future to handle very advanced UEs.
Proposal 2 The Timing Advance Group identity of the group containing the PCell shall be zero.

Proposal 3 Use one Timing Advance MAC control element per Timing Advance Group.

Proposal 4 There is no need to support more than a maximum of 4 Timing Advance Groups, including the group containing the PCell.
3.1 Proposal for an Updated TAC MAC Control Element

This chapter specifies a proposal for how the MAC Timing Advance control element can be updated to include information about which Timing Advance Group that the command is applicable for.
A proposal is also given for how the specification of the maintenance of the timing alignment will be impacted due to the reception of a Timing Advance Command received either in a Timing Advance Command MAC control element or in a Random Access Response message. Note that even if the details of how the Random Access Response message is implemented when performing a random access on an SCell, the description in this section is on a general level and will apply independent on the final solution.
Start first modified section
5.2
Maintenance of Uplink Time Alignment

The UE has a configurable timer timeAlignmentTimer which is used to control how long the UE is considered uplink time aligned [8].

The UE shall:

-
when a Timing Advance Command MAC control element is received:

-
apply the Timing Advance Command for the indicated Timing Advance Group;

-
start or restart the timeAlignmentTimer associated with the indicated Timing Advance Group.

-
when a Timing Advance Command is received in a Random Access Response message for a serving cell in a Timing Advance Group:
-
if the Random Access Preamble was not selected by UE MAC:

-
apply the Timing Advance Command for the Timing Advance Group;

-
start or restart the timeAlignmentTimer associated with the Timing Advance Group.
- 
else, if the timeAlignmentTimer is not running:

-
apply the Timing Advance Command for the Timing Advance Group;
-
start the timeAlignmentTimer associated with the Timing Advance Group;

-
when the contention resolution is considered not successful as described in subclause 5.1.5, stop the timeAlignmentTimer associated with the Timing Advance Group.
-
else:

-
ignore the received Timing Advance Command.
-
when timeAlignmentTimer expires:

-
flush all HARQ buffers;

-
notify RRC to release PUCCH/SRS;

-
clear any configured downlink assignments and uplink grants.

The UE shall not perform any uplink transmission except the Random Access Preamble transmission when timeAlignmentTimer is not running.
End first modified section
Start second modified section
6.1.3.5
Timing Advance Command MAC Control Element

The Timing Advance Command MAC control element is identified by MAC PDU subheader with LCID as specified in table 6.2.1-1.

It has a fixed size and consists of a single octet defined as follows (figure 6.1.3.5-1):

-
Timing Advance Group Identity (TAG Id): This field indicates 0 for the Timing Advance Group that the PCell belongs to, and values: 1, 2, 3, are used for identifying Timing Advance Groups that only contain SCells;

-
Timing Advance Command: This field indicates the index value TA (0, 1, 2… 63) used to control the amount of timing adjustment that UE has to apply (see subclause 4.2.3 of [2]). The length of the field is 6 bits.
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Figure 6.1.3.5-1: Timing Advance Command MAC control element
End second modified section
4 
Summary

Proposal 5 The Timing Advance Group containing the PCell is considered the default Timing Advance Group, and SCells without a Timing Advance Group assignment is placed in this default Timing Advance Group.
Proposal 6 The Timing Advance Group identity of the group containing the PCell shall be zero.

Proposal 7 Use one Timing Advance MAC control element per Timing Advance Group.

Proposal 8 There is no need to support more than a maximum of 4 Timing Advance Groups, including the group containing the PCell.
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