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1 Introduction
During RAN2#73bis, it was agreed to continue the work for Rel-11 on support for multiple Timing Advance (TA) for carrier aggregation, with the assumption that a solution based on RACH on SCell is needed unless if later indicated otherwise by RAN1 [1]. Multiple TA may be needed to support serving cells that are in different frequency bands (inter-band UL aggregation) and/or that have different transmission points (e.g. RRH deployment).

This contribution further discusses UE support for multiple TA.
In general, our view is that for R11 at most two different TAs should be supported; one TA for cells that can use the PCell DL (e.g. a primary TA group) as a timing reference and one for all other SCells (a secondary TA group, if configured). 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.
In addition, it should be possible for the UE to receive PDSCH transmissions on the SCell DL when the SCell is not time aligned, as long as the PCell is considered synchronized. This implies that expiration of the TAT for the secondary TA group should not preclude downlink transmissions on the corresponding SCells, such that HARQ A/N and CQI reporting should be maintained as long as the TAT applicable to the PCell is not stopped or has not expired.

The topic of how to gain initial timing alignment using RACH on SCell is further addressed in R2-113258 [2].
2 Support for multiple Timing Advance

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, a sufficient alternative to support multiple TA could be that each cell maintains its own TA based on the SIB2-linked cell DL with a UE-specific TAT. For each SCell, the UE could gain initial TA following reception of a PDCCH DCI format 1A (a PDCCH order to perform RACH). TAT expiration could trigger the same UE behavior as for R10.
However, this unnecessarily restricts the handling of timing advance and eNB-UE timing synchronization. For example, it requires that the eNB maintains a valid TA for all cells with configured uplink, unless a “state” is allowed such that an activated SCell UL may not have proper TA while on the other hand the UE-specific TAT is running.

Maintaining a valid TA for all cells requires that the UE performs uplink transmissions at regular intervals on at least two cells that have different TA requirement (assuming at most two different TA is supported); the eNB could then replicate in each cell-specific TAC the proper TA value for each cell to minimize the need to regularly activate and deactivate each SCell for the purpose of maintaining TA.

Alternatively, there could be a state such that the UE-specific TAT is running but the eNB does not ensure that all SCells have a valid TA. For example, this could occur immediately after activation of a SCell with a different TA than that of the PCell. In this case, there may be additional complexity with the handling of SRS transmissions (in particular, the periodic SRS configuration) and also (although unlikely) a new possibility for spurious PUSCH transmissions due to false PDCCH detection until initial TA is gained using the RACH procedure.
While these drawbacks may possibly 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.
One alternative is to define TA groups, which we will discuss further in details below.
2.1 Multiple TA requirements

Multiple TA may be needed to support serving cells configured for a UE that are in different frequency bands (inter-band UL aggregation) and/or that have different transmission points (e.g. RRH deployment).
Given the deployment scenarios addressed in R11, it seems sufficient to support at most two sets of serving cells where each set has a different TA requirement. More specifically, it seems unlikely that support for combinations using more than one RRH and/or using cells of more than two different frequency bands for a given UE is needed. In addition, from an implementation perspective, supporting more than one TA per RF front end (i.e. for intra-band carriers) is challenging, at best.
Consequently, the following is proposed:

Proposal 1:
For R11, the UE support at most two different Timing Advances.

In addition, this may help minimize the amount of signaling required to manage UE synchronization.

2.2 Primary and Secondary TA Groups

The UE may be configured with multiple serving cell that have the same TA requirements, e.g. the cells are either in the same frequency band and/or originate from the same transmission point. Given this, grouping of cells for TA management is possible.
For each cells with configured uplink within a TA group, the UE may apply the same TA offset. Assuming that a R11 UE should support at most two TAs as proposed above, the configured cells may be associated to either the primary TA group or to the secondary TA group. The PCell would always be part of the primary TA group, while whether or not a SCell configured with uplink belongs to the primary or to the secondary TA group can be under RRC control. 
Consequently, the following is proposed:
Proposal 2:
The UE supports at most two TA groups, a primary TA group and a secondary TA group.

Proposal 3:
The primary TA group consists of the PCell, and zero or more SCell(s).

Proposal 4:
The secondary TA group consists of zero or more SCell(s), and whether or not a SCell is part of the secondary TA group is configured by RRC.

There are some benefits in terms of reduced signaling overhead when gaining initial TA, for TAC signaling as well as in the implementation complexity for the maintenance of timing alignment. In addition, it may help lowering the need to handle concurrently ongoing Random Access procedures on different serving cells, as discussed in R2-113258 [2].
The UE behavior for the primary TA group can be identical to the R10 UE behavior, independently of whether or not there is at least one SCell configured for the secondary TA group.

The UE behavior for the secondary TA group is discussed further below, in terms of UE behavior for the SCell DL while the corresponding SCell UL is not synchronized and in terms of UE behavior upon TAT expiration.

One consequence is also that the eNB could maintain a deactivated SCell of the secondary TA group properly time-aligned, when another SCell of the same TA group is active such that the UE can receive TAC for the secondary group.

2.3 Time Alignment Timer

It is possible to decouple 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). In other words, independently of whether or not TA groups are introduced, the TAT could be either UE-specific, cell-specific or applied for a subset of cells (e.g. per TA group, as defined above).
UE-specific TAT

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 UE-specific TAT is thus somewhat less flexible and more complex from a TA maintenance perspective.

Cell-specific TAT

In this case, in addition to the PCell, each SCell would maintain a TAT upon which expiry the behavior of the UE would need to be specified in terms of SRS and CQI/PMI/RI configuration for the concerned SCell.
In addition, if a “multi-value” MAC TAC CE is used, its format would need to ensure that up to the maximum number of cells are addressable in addition to restarting the corresponding TAT(s).
Finally, the UE would unnecessarily maintain several TAT when multiple SCells are configured.

There is thus little incentive to have a cell-specific TAT when the TA is common to multiple cells, and in particular if there can be at most two different TA for a given UE.

TAT applied per TA group

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.

This alternative minimizes the number of timers, minimizes TAC signaling, and lowers the complexity of a “multi-value” MAC TAC CE and its associated procedures. It also easily allows flexibility for managing SRS and CQI/PMI/RI configuration for the concerned SCells upon expiry of the TAT for the secondary TA group.
In addition, it provides the additional flexibility for the eNB to maintain synchronization for all configured cells of a secondary TA group independently of their respective activation state, as long as one cell of the secondary TA group is activated and kept time-aligned by the eNB.
Proposal 5:
The UE applies one TAT for each TA group, i.e. there is one TAT for the primary TA group and one TAT for the secondary TA group (if configured).

Applicability of TAT to SCell DL HARQ processes
A UE does not transmit uplink feedback on the PUCCH of a SCell. When multiple TA is supported and when a SCell is not considered to have a valid TA, the UE behavior should apply only to PUSCH and SRS transmissions for the SCell. 
Consequently, assuming that multiple TATs are used, the following is proposed with respect to DL HARQ processes:

Proposal 6: 
A SCell DL HARQ process indicates the generated HARQ A/N to the physical layer when the TAT applicable to the PCell is running, i.e. independently of the state of the TAT applicable to the SCell.

This proposal is independent of whether or not grouping is used, and is not applicable if a single UE-specific TAT is used for all serving cells. One consequence is that the UE would always generate the HARQ A/N feedback for transmission on the PUCCH of the PCell for any PDSCH received on a SCell of the secondary TA group, i.e. even if the TAT for the corresponding SCell(s) is stopped or has expired.
2.4 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, when multiple TA is supported, when uplink synchronization is lost the UE behavior may differ between PCell and SCell(s) that have different TA requirements.
More specifically, the UE behavior when the TAT expires for the primary TA group should remain similar to the R10 behavior. However, if the TAT expires for the 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 and the PUCCH configuration of the PCell should not be affected.
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 7:
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 8:
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 PCell in case the eNB configures the UE with a long-lived SCell configuration.
2.5 Time Alignment Command (TAC)

It seems unnecessary to restrict the TAC MAC CE to be received on the downlink of a specific cell to determine to which cell it applies. Consequently, we propose the following:

Proposal 9:
A MAC PDU may include up to two Timing Advance Commands.

This may, for example, be realized using either one of the following equivalent alternatives (left to stage 3 details):

1) Create a new TAC MAC CE that consists of 2 octets, each octet containing 2 R bits and 6 bits for the TAC; or

2) Add one additional LCID value for a TAC for the secondary TA group, and allow both instances of the same TAC MAC CE format to be present in any MAC PDU.
2.6 Initial Timing Alignment

During the RAN2#73bis, an assumption was taken such that the UE would use a solution based on RACH on SCell to gain initial timing alignment [1].

For R10, the eNB may use the preamble transmission from the UE to estimate the amount of timing adjustment necessary for the UE. The UE may receive from the eNB an 11-bit TAC inside the RAR.

For R11, minimally, a UE supporting multiple TAs could be required to transmit one preamble on PRACH of each configured cell, in particular if the UE maintains independent TA. However, assuming that RAN2 agrees that the R11 UE supports at most two different timing alignments, one uplink transmission per TA group is sufficient for initial TA.

For the primary TA group, the UE can gain initial timing alignment using a procedure identical to that of R10.

Proposal 10:
The UE obtains timing alignment for serving cells of the primary TA group according to R10 behavior.

For the secondary TA group, the UE should obtain initial timing alignment only when requested by the eNB. The UE should initiate a RACH procedure on a SCell with configured PRACH resources only from an explicit request from the eNB, i.e. from the reception of a PDCCH that orders the UE to perform RACH on a SCell.

Proposal 11:
The UE obtains timing alignment for serving cells of the secondary TA group using a network-initiated RACH procedure on the indicated SCell of the secondary TA group with a RACH configuration.

Details of RACH on SCells for R11 are further discussed in R2-113258 [2].

3 Conclusion
To support multiple Timing Advances, TA groups may be useful to simplify the UE behavior, to lower the signaling overhead and may easily allow flexible control of resources by the eNB.
Accordingly, it is proposed that RAN2 discusses the above and agree to the following:
Proposal 1:
For R11, the UE support at most two different Timing Advances.

Proposal 2:
The UE supports at most two TA groups, a primary TA group and a secondary TA group.

Proposal 3:
The primary TA group consists of the PCell, and zero or more SCell(s).

Proposal 4:
The secondary TA group consists of zero or more SCell(s); RRC configures whether or not a SCell is part of the secondary TA group.

Proposal 5:
The UE applies one TAT for each TA group, i.e. there is one TAT for the primary TA group and one TAT for the secondary TA group (if configured).

Proposal 6: 
A SCell DL HARQ process indicates the generated HARQ A/N to the physical layer when the TAT applicable to the PCell is running, i.e. independently of the state of the TAT applicable to the SCell.

Proposal 7:
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 8:
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 9:
A MAC PDU may include up to two Timing Advance Commands.

Proposal 10:
The UE obtains timing alignment for serving cells of the primary TA group according to R10 behavior.

Proposal 11:
The UE obtains timing alignment for serving cells of the secondary TA group using a network-initiated RACH procedure on the indicated SCell of the secondary TA group with a RACH configuration.
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