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1 Introduction
During RAN2#70 meeting, the topic of UE behavior at TAT expiry with Carrier Aggregation was discussed.
In particular, it was proposed in [1] that upon TAT expiry the UE would maintain its SCell configuration (including any dedicated R10 PUCCH resource for HARQ A/N feedback), while any active SCell(s) would be implicitly deactivated. 
During the discussion, some companies further expressed [2] that dedicated R10 PUCCH resources for HARQ A/N feedback should only be removed by RRC configuration. It was also further mentioned that TAT expiry could be frequent if SCell(s) may be kept configured when deactivated.

This contribution further discusses LTE R10 UE behavior when the TAT expires, when the UE is configured with at least one SCell. More specifically, the paper discusses the following two aspects related to TAT expiry in R10:

1) UE handling of the dedicated R10 PUCCH HARQ A/N feedback resources;

2) UE handling of configured SCell(s);

a. Whether or not the dedicated configuration for SCell(s) is released;

b. Whether or not a “configured, active but unsynchronized” state exists;
Generally, it is our understanding that TAT expiration will not occur more frequently for a R10 UE configured with CA than for a R8/9 UE, and that the manner in which the network will handle and control the UE’s timing alignment should be no different for R10.

Our view is thus that the UE should handle dedicated R10 PUCCH HARQ A/N feedback resources similar to other dedicated PUCCH resources (i.e. CQI/PMI/RI and SR) and release them when the TAT expires. In addition, given the need to reconfigure PUCCH resources for CQI/PMI/RI, SR and HARQ A/N using RRC when the UE recovers proper timing alignment (e.g. using RACH), consequently there should be no strong motivation to maintain the SCell(s) configuration when the TAT expires.

2 UE actions upon expiration of TA timer

2.1 UE behavior for R8/9

In LTE R8/9, before a UE can perform an uplink transmission on either PUCCH or PUSCH, the UE must have proper timing alignment with the network. Uplink synchronization is initially achieved using the RACH procedure, and the network subsequently transmits TA commands in the downlink to maintain proper timing alignment, upon which reception the UE restarts the TA timer (TAT).

When the TAT is running, the UE may transmit on a PUCCH resource in a subframe for which the UE does not perform a PUSCH transmission (single carrier property). PUCCH resources are dynamically allocated for HARQ A/N feedback for a PDSCH transmission in a frequency/time shared resource of the PUCCH region; the UE determines which PUCCH resource to use based on the first CCE of the DCI received on PDCCH which indicated the PDSCH assignment. In addition, the UE may be configured, using RRC, with dedicated resources for the transmission of CQI/PMI/RI reports and for scheduling requests (D-SR).

In addition, a UE may be configured with dedicated uplink resources for SPS, i.e. it may be configured with a PUSCH resource for UL SPS. If DL SPS is configured, the UE is also configured with uplink PUCCH resources for HARQ A/N for the corresponding DL SPS configuration. Finally, the network may also assign a UE with dedicated SRS resources to assist scheduling decisions in allocation of uplink resources for PUSCH transmissions. 

The TAT can expire for a synchronized UE when it does not receive a TA Command (TAC) from the network for a period at least equal to the configured value of the timeAlignmentTimer (which ranges from 500ms up to 10240ms, if enabled). A UE may not receive a TAC in case all TACs are lost during that period, i.e. following the consecutive loss of multiple TACs, which is a rare error case that can be minimized by a scheduler implementation using a sufficient number of repetitions. Alternatively, a UE may not receive a TAC if the network does not send any, for the purpose of implicitly releasing dedicated uplink resources when the network no longer schedules the UE for new transmissions.
In other words, the validity of the UE’s timing advance is entirely controlled by the eNB.
In LTE R8/9, when the TAT expires, the UE releases the above mentioned dedicated uplink resources, i.e.:

· Any configured SRS resources as well as PUCCH resources for D-SR, CQI/PMI/RI;

· Any configured downlink and uplink SPS resources;

Additionally, the UE is not allowed to perform any PUCCH or PUSCH transmission once it is not considered synchronized with the network. One motivation to avoid uplink transmission from UE’s which may no longer be synchronized is to avoid possible interference to the transmission of other UEs on adjacent sub-carriers. In addition, this provides implicit means for the scheduler to revoke dedicated uplink resources, simply by letting the UE lose TA (i.e the TAT expires following the absence of TA commands from the network).

2.2 UE behavior for R10
For R10, if a carrier aggregation scenario with more than 1 UL CC is supported, all UL SCCs will have the same timing advance. In addition, the PCell cannot be deactivated. For a UE configured with at least one SCell, this implies that TAC commands may be received by the UE with at least the same flexibility for a scheduler implementation as for a R8/9 UE, at least on the DL PCC, independently of whether or not the network uses an explicit (de)activation mechanism. Furthermore, considering that the PCell is expected to be used for coverage, the probability of TAT expiry due to an error case should be no higher than for a R8/9 UE.

2.2.1 R10 UE behavior for dedicated SRS, CQI/PMI/RI and SR resources
UE handling of dedicated SRS resources and dedicated PUCCH resources for CQI/PMI/RI and D-SR

For R10, the UL PCC is used for transmission of CQI/PMI/RI for all carriers, and for D-SR. For SRS, periodic SRS transmissions may be configured by the network and the network may also request a “one-shot SRS transmission”, i.e. an aperiodic SRS transmission (as agreed by RAN1), for any configured UL CC. This provides the network with additional flexibility where a periodic SRS may be configured for the PCell while for a SCell, the network may either also configure a periodic SRS or alternatively mainly rely on aperiodic SRS to constraint the dedicated periodic uplink resource allocation to the PCell similar to a R8/9 allocation. In either case, i.e. whether or not a PCell-only allocation is used, for periodic SRS allocations the same principle as for R8/9 should apply upon TAT expiration.
Additionally, should a configured SCell be released upon TAT expiry as proposed later below, release of the corresponding SRS resources would also be a straightforward consequence.

Therefore we propose the following:

Proposal 1: 
The R10 UE shall release any dedicated SRS resource and any dedicated PUCCH resource for CQI/PMI/RI and SR when the TAT expires, independent of whether or not at least one SCell is configured.

This is the same behavior as for R8/9 for dedicated uplink control resources, extended to a R10 UE supporting carrier aggregation.

UE handling of configured UL/DL SPS resources

For R10, SPS resources can only be configured for the PCell [3]. Similarly as above, our view is that the same principle as for R8/9 should apply upon TAT expiration, therefore we propose the following:
Proposal 2: 
The R10 UE shall release any dedicated DL/UL SPS resource when the TAT expires (similar to R8/9 UE behavior).

This is the same behavior as for R8/9 for SPS resources, also applicable to a R10 UE supporting carrier aggregation.
2.2.2 R10 UE behavior for dedicated SCell configuration
For a UE supporting carrier aggregation, the eNB will in addition configure SCells as well as dedicated PUCCH resources for HARQ A/N using RRC. The UE behavior when the TAT expires should be specified.

Our understanding is that TAT expiration will be infrequent, independent of whether or not configured SCells are activated. TAT expiration should thus occur only under control by the eNB e.g. when there are no further transmissions scheduled for a UE for a period of time at least exceeding the TAT value. 
All dedicated resources should be handled consistently, implying that when TAT expires the resources are released by the UE, i.e. the UE loses the resources.

It may also be more desirable to allow the network to keep the R8/9 flexibility to manage dedicated resource implicitly by letting a UE lose synchronization, than to introduce a small signaling optimization for an infrequent error case (i.e. multiple consecutive TAC losses).Our view is thus that the same principles used for R8/9 for the handling of dedicated uplink resources should also apply for the dedicated resources for R10 carrier aggregation.

· R10 applies the same principles as R8/9: the UE releases any configured uplink resources upon TAT expiry.

The difference is related to resource management and signaling; in one alternative no signaling is needed but with the other there is no explicit release of the configuration of the SCell/PUCCH thus requiring explicit RRC signaling (TAT expiry would no longer be sufficient). Would RAN2 wish to optimize something, we believe that TAT expiry due to eNB letting UE lose synchronization is more useful than TAT expiry due to (multiple consecutive) TAC losses.
UE handling of dedicated R10 PUCCH resources for HARQ A/N feedback
As described in the previous section, PUCCH resources for HARQ A/N feedback in R8/9 are dynamically assigned. For R10, RAN1 is still discussing different alternatives for supporting up to 10 HARQ A/N bits on the PUCCH of the UL PCC. There is a general understanding in RAN1 that the method defined will likely require semi-statically allocated PUCCH resources. In addition, if channel selection was used with PUCCH format 1a/b for a number of bits in the range [3-6] bits, the UE could be configured with multiple PUCCH indices.
Given that dedicated resources (i.e. SRS, CQI/PMI/RI and SR) are released upon that expiry (at least for R8/9, and as proposed above for R10), and given that the validity of the TAT is entirely under control of the eNB which may use expiration as a mean (or a safeguard) to implicitly release dedicated resources assigned to a UE for which it no longer expects to schedule any data, TAT handling by network implementations should be similar to that of R8/9 implementations as we see no strong motivation that would justify otherwise.

In addition, unless the R10 UE behavior is specified such that it does not release any of its dedicated resources when the TAT expires, if transmissions to/from the UE are restarted the eNB would likely reconfigure SRS, CQI/PMI/RI and SR for that UE.

Therefore, given that the eNB has complete control over the validity of the TAT, to remain aligned with R8/9 UE behavior for dedicated resources, our view is that dedicated HARQ A/N resources for carrier aggregation should be handled similarly.
Proposal 3: 
The R10 UE shall release any dedicated PUCCH resource for HARQ A/N when the TAT expires (similar to other dedicated PUCCH resources).

The main benefit is that it is consistent with R8/9 UE behavior; we see no reason to make an exception, especially if the SCell configuration is also released when the UE looses TA.
UE handling of SCell configuration
Given that the TAT would expire when the eNB no longer schedules the UE, it can be expected that the SCell configuration would be removed by RRC signaling; otherwise, if all dedicated resources such as PUCCH HARQ A/N are handled in a similar manner as per the proposals above, the eNB would have to reconfigure at least those resources when new data becomes available for the UE.
Consequently, once PUCCH resources for SCells are implicitly revoked upon TAT expiry, an unsynchronized UE cannot restart reception of downlink transmissions on any DL carrier until its PUCCH would first be reconfigured by the network.

We thus assume that keeping SCell configuration when TAT expires would be a small signaling optimization (i.e. one less RRC Connection Reconfiguration) for an infrequent case (loss of consecutive TACs while the UE is not experiencing RLF). 

Proposal 4: 
The R10 UE shall release the configuration for any SCell(s) when the TAT expires (similar to other dedicated resources).

In other words, the UE reverts to R8/9 single carrier operation when TAT expires; the HARQ A/N feedback on PUCCH is determined dynamically once the UE regain TA and until it receives a RRC Connection Reconfiguration that configures at least one SCell.

For TS 36.321, section 5.2 would thus be modified as follows to reflect all proposals above:
	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:

-
[snip]
-
when timeAlignmentTimer expires:

-
flush all HARQ buffers;

-
notify RRC to release PUCCH/SRS and configured SCell(s), if any;

-
clear any configured downlink assignments and uplink grants.


3 Conclusion
It is proposed that RAN2 discusses each alternative described above, and agree to the following:
Proposal 1: 
The R10 UE shall release any dedicated SRS resource and any dedicated PUCCH resource for CQI/PMI/RI and SR when the TAT expires, independently of whether or not at least one SCell is configured.

Proposal 2: 
The R10 UE shall release any dedicated DL/UL SPS resource when the TAT expires (similar to R8/9 UE behavior).

Proposal 3: 
The R10 UE shall release any dedicated PUCCH resource for HARQ A/N when the TAT expires (similar to other dedicated PUCCH resources).

Proposal 4: 
The R10 UE shall release the configuration for any SCell(s) when the TAT expires (similar to other dedicated resources).
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