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1 Introduction
During RAN2#74, in the discussion on support for multiple timing advances (TA), it was agreed to support TA groups that contains serving cells that have the same UL TA requirement, where a TA group contains at least one serving cell with a configured uplink .

This contribution further discusses how to handle the Time Alignment Timer (TAT) when the use of multiple TA groups is configured by the eNB for a given UE.

In general, our view is that for R11 each TA group should maintain its own timeAlignmentTimer. A MAC PDU may contain up to two TACs, one for each TA group, and each TAC restarts the TAT of the corresponding TA group. One consequence of the above is that a UE may continue to receive PDSCH transmissions on a SCell DL when the TAT of the corresponding TA group has expired and/or is not running, i.e. as long as the PCell is considered synchronized.
In the remainder of this document, the TA group that includes the PCell is considered the “primary TA group”, while any other TA group is a “secondary TA group” of the UE’s configuration.

2 Timing Advance Timer for R11
In R10, the TA ensures that a UE perform uplink transmissions on the PUSCH/PUCCH of the PCell and on the PUSCH of configured SCells only when considered synchronized with the network. The value of the TAT is typically configured based on UE mobility, and the validity of the TA is entirely under the control of the eNB. The TAT typically expires only when the network stops sending TAC to the UE, as loss of TAC is infrequent. The eNB may thus use TAT expiration to revoke the configuration of the periodic SRS on dedicated uplink resources for both PCell and SCells, as well as to revoke periodic CQI/PMI/RI reporting on the PUCCH of the PCell for both PCell and SCells, if configured.

For R11, given the agreement to support TA grouping, the alternative of supporting one TAT per cell is not considered. Two alternatives are thus considered, a UE-specific TAT or a TA group specific TAT.
2.1 TAT: UE-specific or per TA group?
UE-specific TAT

The UE-specific TAT decouples the timing alignment used for an uplink transmission applied as a timing offset from a downlink timing reference (i.e. the TA) from the time for which the UE is considered to be synchronized with the UE (i.e. the TAT), when TA grouping is configured.

In this case, a SCell with a different TA (e.g. TA2) than that of the PCell (TA1) can be in an unsynchronized state although the UE-specific TAT is running. A UE could then turn off the corresponding RF chain while the SCells are still considered “time-aligned”. This could happen e.g. when all SCells with TA2 are in a deactivated state for a prolonged period of time (e.g. for power savings) in case the eNB configures the UE with a long-lived SCell configuration. During this inactive period, the UE does not perform any uplink transmissions (e.g. SRS or PUSCH) for those SCells such that the network would not have the possibility to update TA2. Upon activation of at least one SCell with TA2, the network would first have to ensure that an uplink transmission occurs on one of those SCells, until which time false alarms and periodic SRS transmissions (if configured) could generate interference to other UE’s uplink transmission in the concerned cell(s).

The benefits of having a single TAT is that a single timer is needed, and the eNB minimally only need to ensure that at least the PCell UL is properly time-aligned, or that it maintains TA also for the secondary TA group by periodically triggering an uplink transmission (SRS, or PUSCH) for a SCell of a secondary TA group.
However, there are a few unnecessary drawbacks with the UE-specific TAT for the handling of secondary TA groups:

· A SCell UL may not have a valid timing alignment while the UE-specific TAT is running;

· A SCell UL may transmit on PUSCH without having valid timing alignment in case of (rare) PDCCH false alarms;

· The handling of configured SRS transmissions becomes unnecessarily inflexible:

· eNB must ensure that the SCell always has proper uplink timing alignment when SRS is configured; and

· RRC signaling is required to revoke SRS resources when the corresponding SCells UL are no longer scheduled but the UE is being scheduled e.g. either for downlink transmissions and/or for uplink transmissions for another TA group; or

· SCell deactivation is required to preclude SRS transmissions for a TA group which uplink resources are no longer needed, thereby also precluding downlink transmissions on the corresponding SCells;
Possibly, it could be argued that the scheduler may rely on aperiodic SRS requests instead of configuring SRS for SCells UL of a secondary group, but there is little benefit in such limitation for handling SRS for secondary TA groups.

While these drawbacks may be handled by the eNB implementation, there may be simple ways to provide more flexibility, and possibly lower the resulting complexity for both the eNB and the UE implementations.

TA group specific TAT

In this case, similar to the principle used in R10 for the PCell and the SCells with uplink in the same frequency band, there is one TAT for all cells that have the same TA requirement.

The only possible drawback of supporting one TAT per TA group is that more than one timer is needed for a given UE. 
However, the benefits include additional flexibility for the eNB as it may rely on TAT expiration to preclude periodic SRS transmissions for a secondary TA group.

Proposal 1:
The UE applies one TAT for each TA group, i.e. there is one TAT for the primary TA group and one TAT for each configured secondary TA group (if any).

2.2 UE actions upon TAT expiration

In R10, when the TAT expires the UE flushes all HARQ buffers, clears any configured assignments/grants and RRC releases PUCCH/SRS i.e. it applies the default configuration for CQI-ReportConfig and cqi-Mask, for soundingRS-UL-ConfigDedicated and schedulingRequestConfig.

For R11, during RAN2#74 it was agreed that when the TAT of the primary TA group expires, the UE behavior remains the same as for R10. Our understanding is that this should apply also to UE behavior for SCells of a secondary TA group, independently of whether or not multiple TATs are supported (which should be confirmed):
Proposal 2:
When the TAT applicable to the primary TA group expires, the UE follows the R10 behavior, i.e. the UE flushes all HARQ buffers, clears any configured assignments/grants, and RRC releases PUCCH/SRS for all configured serving cells.

Assuming that RAN2 agrees to support one TAT per configured TA group (i.e. proposal 1 above), then proposal 2 also implies that any uplink transmissions should be prohibited for the UE and consequently:

Proposal 3:
When the TAT applicable to the primary TA group expires, a TAT applicable to a secondary TA group is also considered expired.

In addition, still assuming that RAN2 agrees to support one TAT per configured TA group (i.e. proposal 1 above), the UE behavior may differ between PCell and SCell(s) that have different TA requirements.

Our view is that if the TAT expires for a secondary TA group, the UE should only release the SRS configuration for the concerned SCell(s) i.e. the cqi-ReportConfigSCell-r10 should be maintained. Obviously, the PUCCH configuration of the PCell should not be affected from the expiration of the TAT of a secondary TA group.
In addition, all uplink HARQ buffers of the concerned SCell(s) should be flushed. This allows the network to efficiently schedule downlink transmissions for the UE on SCell(s) of the secondary TA group even if the network does not keep their corresponding SCell UL time-aligned. The eNB may deactivate the concerned SCell(s) or reconfigure the UE when CQI reporting should be stopped for those SCells.
Consequently, we propose the following:
Proposal 4:
When the TAT applicable to the secondary TA group expires, MAC indicates to RRC to release only the SRS configuration for all SCells of the secondary group, i.e. the CQI/PMI/RI reporting configuration for the SCells is maintained. In addition, MAC flushes all uplink HARQ buffers for the concerned SCells.
This also has the benefit to minimize RRC signaling, i.e. the eNB does not need to reconfigure the SCell(s) when UE is still synchronized and/or scheduled on serving cells of the primary TA group (e.g. on the PCell) in case the eNB configures the UE with a long-lived SCell configuration.
2.3 Restarting TAT
In R10, the reception of a MAC TAC CE restarts the single TAT. For R11, similarly it seems unnecessary to restrict the TAC MAC CE to be received on the downlink of a specific cell to determine to what cell it applies.
Consequently, the following is proposed:

Proposal 5:
A MAC PDU may include multiple TAC values, at most one for each configured TA group.

This may, for example, be realized by creating a TAC MAC CE of variable size e.g. using a bitmap followed by an ordered sequence of one or more fields - each field consisting of one octet containing 2 R bits and 6 bits for the TAC for the TA group indicated in the bitmap (left to stage 3 details).
3 Conclusion
It is proposed that RAN2 discusses the above and agree to the following:
Proposal 1:
The UE applies one TAT for each TA group, i.e. there is one TAT for the primary TA group and one TAT for each configured secondary TA group (if any).

Proposal 2:
When the TAT applicable to the primary TA group expires, the UE follows the R10 behavior, i.e. the UE flushes all HARQ buffers, clears any configured assignments/grants, and RRC releases PUCCH/SRS for all configured serving cells.

Proposal 3:
When the TAT applicable to the primary TA group expires, a TAT applicable to a secondary TA group is also considered expired.

Proposal 4:
When the TAT applicable to the secondary TA group expires, MAC indicates to RRC to release only the SRS configuration for all SCells of the secondary group, i.e. the CQI/PMI/RI reporting configuration for the SCells is maintained. In addition, MAC flushes all uplink HARQ buffers for the concerned SCells.

Proposal 5:
A MAC PDU may include multiple TAC values, at most one for each configured TA group.
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