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1 Introduction

In RAN2#73bis discussions started for the Rel-11 WI on CA Enhancements. It was agreed that RAN2 should work under the assumption that RA on SCells would be required to obtain UL synch on at least some SCells. Some companies argued that managing multiple TA values will require also multiple TAT. However, it has been one of the design principles of LTE to rely on network controlled UE behavior (e.g. UL scheduling and link adaptation; handover; RLF detection on SCells). Only for cases where the network may not be able to control the UE (e.g. RLF on PCell; loss of time alignment on the PCell) RAN2 has defined UE based solutions such as RLF detection (T301) and TAT that trigger autonomous actions in the UE. In addition to the increased UE complexity, such solutions bear the risk of state mismatch between the UE and the network (UE’s timer expired while the network assumes it did not) and should therefore be avoided if not really needed.

To keep UE implementations simple and to avoid the above-mentioned problems, we think it is beneficial to also consider the approach of using only a single time alignment timer (TAT), even when multiple TA values are required. Hence, in this paper we evaluate different approaches of multiple TA management using only a single TAT per UE. 
2 Discussion
2.1 Background
In LTE it is essential that uplink transmissions are received time aligned in order to avoid interference to reception in adjacent subframes which may potentially be from other UEs. The eNB determines based on the received uplink signals whether the UE is time aligned or whether the signal should appear earlier or later at the eNB. Misalignment occurs primarily when the distance between the UE and the eNB’s antenna changes, i.e., when the UE moves. When the eNB would like to adjust the timing of the uplink transmission of a UE, it sends a TA Command (MAC CE) containing a TA value. This value determines the desired uplink transmission time in relation to the downlink reception time at the UE. 
It should be noted that the UE does not know whether its uplink transmission is received time aligned unless it receives a TA Command from the eNB. To ensure that non-time-aligned UEs do not perform any uplink transmission except for random access, a time alignment timer (TAT) was introduced in Rel-8. The UE maintains this timer and (re-)starts it with a configurable (RRC) value upon reception of a TA Command. When the timer expires the UE must consider itself as not time aligned even though its uplink transmissions may very well be time aligned at the eNB. The UE must then perform random access to obtain time alignment again. 
As said above, the duration of the time alignment timer is chosen by the eNB. Longer values increase the periodicity at which the eNB needs to send updated TA commands. But for quickly moving UEs, too long values bear the risk that non-time-aligned UEs perform uplink transmission (E.g. periodic CQI or dedicated scheduling request on PUCCH or sounding reference symbols). Therefore, already in Rel-8, the eNB is responsible for choosing a suitable TAT configuration and to keep track of the estimated expiry time of the TAT in each UE. 

2.2 Time alignment in Rel-11

While Rel-10 is limited to scenarios in which all uplink serving cells operate with the same time alignment, Rel-11 is supposed to support deployments in which UEs need to perform uplink transmission on serving cells with different time alignment in order to ensure time aligned reception at the eNB. 
We assume that the eNB determines suitable timing advance values for all serving cells or at least one timing advance value for each group of serving cells having the same propagation delay between UE and eNB. For the PCell, like in Rel-8/9/10, the timing advance value determines the time offset between the reception time of the downlink signal at the UE and the transmission time of its uplink signals. In Rel-11 the timing advance value for an SCell could either be considered the time offset to the downlink reception time of the SIB2 linked downlink or the time offset to the downlink reception time of the PCell or it could be expressed as the timing difference to the uplink transmission in the PCell. 

The details of these solutions, and also whether grouping or no grouping with regards to time alignment would be the best approach, need to be further discussed in RAN2. One area expected to be impacted is TA maintenance with regards to what information should be provided in the TA Command for Rel-11 and how the UE accordingly updates the TA values for activated serving cells or groups. For example when TA grouping is used, a TA Command might only contain one value per group, while for individual TA update, the TA Command might include one value per activated serving cell. When the TA value of an SCell or group of SCells is expressed as an offset to the UL transmission on the PCell, it would be sufficient to only include the time alignment for the PCell in the TA Command as long as the offset towards the SCells unchanged. 
2.3 TAT in Rel-11

Another question which RAN2 needs to discuss is how many time alignment timers are needed in order to support multiple timing advance. One possibility would be that the UE maintains one TAT per serving cell or at least one timer per group of serving cells expected to share a common TA value. However, one should keep in mind that the sole purpose of the time alignment timer in Rel-8/9/10 was to prevent non-time-aligned UEs from performing autonomous uplink transmission. 
Such misalignment could occur due to loss of connectivity or, more likely, due to the eNB deciding not to provide further TA Commands to the UE. Since the eNB keeps track of the UEs time alignment timer, it is (roughly) aware when the UE’s time alignment timer expires. As agreed for Rel-10, PUCCH is only transmitted on the PCell. Also, semi-persistent scheduling is only supported on the PCell. All PUSCH transmission on SCells is scheduled by the eNB. The UE may transmit periodic sounding reference symbols on an uplink SCell which could be considered an autonomous uplink transmission. But of course the eNB may at any time disable SRS as long as connectivity to the UE is maintained. As explained above, it is up to the eNB to keep track of the UEs uplink time alignment, to configure the time alignment timer and to provide TA Commands. If the eNB is not able or willing to update the time alignment the UE stops all kinds of uplink transmission on the PCell and on all SCells (including SRS). This principle applied for Rel-10 and should of course be maintained in Rel-11. 
With this in mind, we deduce that a dedicated time alignment timer for uplink SCells with individual timing advance is not necessary. It should rather be sufficient when the UE maintains a single time alignment timer which is started and restarted when receiving a time alignment command for the PCell. Like in Rel-10, we think that the UE should consider itself time aligned on all serving cells as long as this timer is running. 
Proposal 1 One time alignment timer (TAT) per UE is sufficient also in Rel-11.

2.4 Multiple TA with a single TAT

In this chapter we discuss how the time alignment mechanism would work when a single TAT is used.  
2.4.1 Single TAT start and restart
For initial synchronization on the PCell, it is assumed that the same mechanism as for Rel-8/9/10 should apply. With a single TAT, the timer would be started when the PCell receives a TA Command and becomes UL synchronized. 
We consider it the responsibility of the eNB to evaluate whether an SCell has the same propagation delay as the PCell or whether it needs to provide individual timing advance values for each SCell or group(s) of serving cells. Like in Rel-8/9/10, the eNB may do this evaluation based on the received uplink transmission such as PUSCH, SRS or random access and it must ensure to verify the time alignment sufficiently often. Since there is no UL transmission for the eNB to measure the time alignment on for a deactivated SCell, it is our understanding that the eNB maintains the UE’s time alignment only on activated SCells. Furthermore, the eNB is expected to not send any UL grants for this SCell until the SCell is considered UL synchronized. This could be either upon activation, if this SCell shares the TA value or TA offset of another SCell or group of SCells or, upon completion of random access for this SCell or another serving cell sharing TA value with this SCell. 
In the current specification, the UE shall start SRS transmission (if configured) on the SCell at activation. However, as SRS transmitted on a non-synchronized UL could be harmful for transmissions for other UEs in adjacent subframes, it would seem suitable to prohibit the SRS transmission, for example until the SCell has been assigned a valid TA value or until the first UL grant for the SCell is received. Alternatively, one could rely on the eNB to de-configure periodic SRS transmission before activating an SCell or to ensure that the SCells obtains time alignment before the next SRS occurrence. 
The SCell’s CQI reporting will however not be impacted as the non-synchronized UL will not affect the DL measurements, and the actual report is sent on the PUCCH of the PCell or multiplexed with the scheduled PUSCH. 

The TAT (which should already be running due to the PCell being UL synchronized), should not be restarted upon receiving a time alignment command for an Scell. The reason for this is that if the TAT would be restarted also upon SCell TA adjustments, the TAT might not ensure that the UEs PCell, potentially carrying UE controlled uplink transmission such as CQI and SPS, is time aligned. As explained above, the eNB will keep track of the UL SCells being time aligned or alternatively not schedule them for uplink transmission.
Proposal 2 The single TAT is (re)started when the UE receives a TA Command applicable for the PCell.
Proposal 3 The eNB should ensure that an SCell is UL synchronized before initiating any UL transmissions on it.  

2.4.2 Single TAT expiry
In Rel-8/9/10 the following actions are defined to occur at TAT expiry (ch 5.3 of 36.321):
- flush all HARQ buffers;

- notify RRC to release PUCCH/SRS;

- clear any configured downlink assignments and uplink grants.

With a single TAT solution, the above actions upon TAT expiry should apply also for Rel-11. Also valid for Rel-11 should be that just like in Rel-8/9/10, when TAT is not running, no UL grants should be processed for any serving cell and also no ACK/NACKs should be sent. 

When TAT has expired and has not been restarted, the UE would apply the same behavior as in Rel-8/9/10, i.e. it would consider itself UL time aligned again when the PCell is UL time aligned again and the TAT is started. 
If there are any SCells that remain activated at TAT expiry, the eNB should assume that time alignment for those SCells is lost. When time alignment for the PCell is reestablished, the UE may consider all SCells time aligned as well. The eNB may also consider them time aligned (e.g if the SCell(s) belong to the same group as the  PCell or if the previously provided TA offset or TA value is still valid), or it may request a PDCCH ordered random access on selected SCells to verify and update the time alignment. Alternatively, it should avoid scheduling those SCell’s PUSCH and also ensure that periodic SRS is deconfigured. 

Proposal 4 Upon expiry of the single TAT, Rel-8/9/10 behavior applies. 
3 Conclusion

As discussed above, a single time alignment timer would keep the UE implementation simple (like Rel-8/9/10). Also, from an eNB point of view, this approach would seem to keep the complexity down as it avoids keeping track of multiple time alignment timers in the UE and as it reduces the risk of state mismatch between UE and eNB. Furthermore, a single TAT would not introduce any need for new UE autonomous actions which would be inline with the RAN2 design principles for LTE so far. Hence we ask RAN2 to consider the following proposals:
Proposal 1
One time alignment timer (TAT) per UE is sufficient also in Rel-11.
Proposal 2
The single TAT is (re)started when the UE receives a TA Command applicable for the PCell.
Proposal 3
The eNB should ensure that an SCell is UL synchronized before initiating any UL transmissions on it.
Proposal 4
Upon expiry of the single TAT, Rel-8/9/10 behavior applies.
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