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Discussion and decision
1
Introduction

In RAN #51, a working item toward LTE CA enhancement has been approved [1].  One of its main objectives is to support multiple timing advances.  Thus, RAN2 should analyze the impact of supporting multiple TAs on the related functions and then adopt the best option.  In our opinion, three functions may need to be considered as follows.   

1) Random Access (RA) procedure

2) Timing Advance Command (TAC)

3) Time Alignment Timer (TAT)

For the random access procedure, we discuss the impact in [2].  In this contribution, we would like to discuss the Timing Advance Command and the maintenance of Time Alignment Timer when multiple TAs are supported in Rel-11.
2 Discussion
In LTE system, the Time Alignment Timer (TAT) is used to indicate whether the uplink (UL) transmission is synchronised or not between the eNB and UE, i.e., when the TAT is running, the uplink is considered as synchronized.  Before TAT is running, eNB adjusts UL timing of UE by random access procedure, i.e., TAC in MAC RAR.  Besides, the timing adjustment is an absolute value.  However, when TAT is running (UL is synchronised), eNB adjusts UL timing of UE by MAC CE, i.e., TAC MAC CE.  The timing adjustment is a relative value. In the following, we would like to discuss how to assign timing advance command and how to maintain time alignment timer when multiple TAs is supported.
2.1 Timing Advance Command (TAC)

When multiple TAs is supported, how to assign TAs affects the design of TAC in MAC RAR and MAC CE.  Hence, we would like to discuss these two cases. 
Case 1:  TAC in MAC RAR

TAC in MAC RAR is mainly for adjusting the timing of UL Cell on which the preamble was sent. Furthermore, TAC in MAC RAR is absolute timing adjustment.  If an RAR includes multiple TACs for multiple CCs, the size of MAC RAR could not be fixed.  It would affect the original design of MAC RAR.  So it is good to have only one TAC in MAC RAR for only one CC or one TA group (in which CCs have the same TA) if TA group is supported.
Proposal 1:  Only one TAC is included in a MAC RAR for one CC or one TA group (if TA group is supported) when multiple TAs are supported.

Case 2:  TAC in MAC CE

TAC in MAC CE is mainly for adjusting the UL transmission timing due to UE movement.  So, TAC in MAC CE is designed to be a relative timing adjustment.  Additionally, in RAN2 #73bis meeting, RAN2 has agreed that multiple TAs should be supported for CA Scenarios 2~5.  Based on this agreement, when a UE is moving, TA value would most likely change for all CCs especially for the scenarios 2, 3, and 5 in which antennas for different frequencies are co-located. Therefore, when the TA value of one CC changes, it is very likely that TA value of other CCs would change as well. So the following observation is obtained. 

Observation:  TA vales of all CCs most likely changes at the same time. 

In most cases, eNB would need to adjust all TAs of UL synchronized Cells for a UE at the same time. In order to simplify the MAC CE design, all TAs of UL synchronized Cells for a UE should be updated at the same time when multiple TAs is supported, i.e., TAC in MAC CE shall be for all UL synchronized cells. (TAC in MAC CE shall be for all TA groups if TA group is supported.). 
Proposal 2:  All TAs of UL synchronized cells shall be updated at the same time when multiple TAs is supported, i.e., TAC in MAC CE shall be for all UL synchronized cells. (TAC in MAC CE shall be for all TA groups if TA group is supported.)
2.2 Time Alignment Timer (TAT)

In LTE system, since only one TA is supported in Rel-10 carrier aggregation, one TAT is enough to indicate whether UL CCs are synchronized or not.  However, when multiple TAs is supported, the number of TAT(s) may need to be re-considered.
Three options for TAT are considered in this contribution as follows:
· Option1: One TAT per UL CC
· Option2: One TAT per TA group
· Option3: One common TAT
Option1: One TAT per UL CC
If we consider multiple TAs among UL CCs, it is straightforward for a UE to maintain one TAT for each UL CC.  The update of a TAT (start, restart or stop) may follow LTE Rel-8/9 procedure.
Pros: The related procedures about TAT could follow LTE Rel-8/9. On the other hand, the UE does not need to send SRS on this UL CC after the corresponding TAT expires. In this case, the UE can save power.

Cons1:  A UE needs to maintain multiple TATs, even if some of UL CCs have the same TAs. 
Cons2:  Some additional work is needed to deal with the behaviour of TAT in PCell and in SCell. For example, when TAT expires, the procedure between PCell and SCell may be different, i.e., UE should release PUCCH when PCell TAT expires, but should not release it when SCell TAT expiries.  For another example, when TAT of Pcell is not running but TAT of SCell is running, do we allow UE do UL transmission on SCell?
Cons3:  When TAT is running for an SCell UL CC but this SCell UL CC is deactivated (no SRS sending), how does an eNB adjust the TA or how does a UE maintain the UL synchronization of this SCell UL CC?  Some additional work is needed to maintain UL synchronization in deactivation state. 

Cons4: In Rel-10, the aggregated UL CCs share a TAT. Thus, this option is not consistent with Rel-10.
Option2: One TAT per TA group

Since some of UL CCs may have the same TA value (i.e., the uplink timings of these UL CCs are the same), a Timing Advance Command could be applied to these UL CCs. In this case, the UL CCs which have the same TA could share the same TAT. In this contribution, we define a TA group in which the UL CCs have the same TA. Therefore, a UE could maintain one TAT per TA group.  The update of TAT in a TA group may follow LTE Rel-8/9 procedure.
Pros: Comparing with one TAT per UL CC scheme, a UE could maintain fewer Time Alignment Timers.  A Time Alignment Timer starts or restarts could depend on the Timing Advance Command received for its corresponding TA group.
Cons1: The eNB and UE need to maintain the TA group. Since the members of a TA group may be changed in different eNBs, the methods to maintain the members of a TA group may be needed. It needs some extra cost to maintain a TA group, e.g., using the RRC message to maintain the TA group may cause RRC message overhead.  
Cons2:  In addition, some additional work is needed to deal with the behaviour of TAT in PCell TA group and in SCell TA group. For example, when TAT expires, the procedure between PCell TA group and SCell TA group may be different, i.e., UE should release PUCCH when TAT of PCell TA group expires, but should not release it when TAT of SCell TA group expiries.  For another example, when TAT of Pcell TA group is not running but TAT of SCell TA group is running, do we allow UE do UL transmission on the cell in this SCell TA group?
Cons3:  When TAT of an SCell TA group is running but all SCell UL CCs in this SCell TA group are deactivated (no SRS sending), how does an eNB adjust the TA or how does a UE maintain the UL synchronization of this SCell TA group? Some additional work is needed to maintain UL synchronization of a TA group in which all CCs are in deactivation state.
Since the timing advance value depends on the propagation delay between eNB and UE, the TA adjustment for different TA groups may be needed simultaneously.  From this point of view, TATs for different TA groups may be restarted at the same time. Thus, multiple TATs may perform like one TAT. 
Option3: One common TAT

Another scheme is to maintain one common Time Alignment Timer. That is, all UL CCs share a common Time Alignment Timer.
Pros: Simple. A UE only needs to maintain one Time Alignment Timer.
Cons: Before the TAT expires, a UE needs to send SRS on all activated UL CCs. If the UE is not scheduled on all activated UL CCs for a period of time, the UE may waste energy to maintain all activated UL CC in sync.
For this cons, most companies think TAT is longer than deactivation timer. Thus, SCell would be deactivated before TAT expires. So the energy waste may be not a big problem. Furthermore, when TAT expires, UE can follow the same procedures as in Rel-10, i.e., release PUCCH/SRS, flush all HARQ buffers, and clear any configured downlink assignments and uplink grants.
In the following, we would like to discuss how one TAT operates with and without TA group.
How does one common TAT operate without TA group?
In this case, each SCell UL CC maintains its TA individually.  So when this SCell UL CC is activated, UE should perform random access procedure to obtain TA.  Then UE can associate this SCell UL CC to TAT, i.e., this SCell UL CC is synchronized.  When this SCell UL CC is deactivated, UE only needs to de-associate this SCell UL CC to TAT, i.e., this SCell UL CC is regarded as out of synchronization. In this case, UE does not need to maintain SCell UL CC timing during the deactivation state of this SCell.  
How does one common TAT operate with TA group?
In this case, some SCell UL CCs share the same TA.  So when the first SCell UL CC in this SCell TA group is activated, UE should perform random access procedure to obtain TA for this group.  Then UE can associate this SCell TA group to TAT, i.e., the SCell UL CCs in this SCell TA group is synchronized.  When the following SCell CCs in this SCell TA group are activated, UE does not need to perform random access procedure to obtain TA.  When the last SCell UL CC in this SCell TA group is deactivated, UE only needs to de-associate this SCell TA group to TAT, i.e., the SCell UL CCs in this SCell TA group are regarded as out of synchronization.  In this case, UE does not need to send SRS for the deactivated SCell in this SCell TA group before the last SCell UL CC is deactivated. 
From the above analysis, we may have the following observation:
Observation:  One common TAT can work well with or without TA group.
Considering the above analysis, we think one common TAT is simple so we propose that:
Proposal 3: One common TAT is enough when multiple TAs is supported.
3 Conclusions

In this contribution, we have the following proposal:

Proposal 1:  Only one TAC is included in a MAC RAR for one CC or one TA group (if TA group is supported) when multiple TAs is supported.
Proposal 2:  All TAs of UL synchronized cells shall be updated at the same time when multiple TAs is supported, i.e., TAC in MAC CE shall be for all UL synchronized cells. (TAC in MAC CE shall be for all TA groups if TA group is supported.)
Proposal 3: One common TAT is enough when multiple TAs is supported.
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