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Discussion and decision 
1 Introduction and Backgrounds
The work item (WI) “LTE Carrier Aggregation Enhancements” has been approved in the RAN 51st plenary meeting [5], wherein the multiple timing advances shall be supported in case of LTE uplink carrier aggregation for Rel-11 and beyond.

In LTE Rel-10 CA, the initial random access for uplink carrier aggregation (CA) is initiated from the uplink primary cell only. Both the uplink primary cell (PCell) and secondary cells (SCells) shall share the same timing advance (TA), which is only maintained on PCell. Therefore, only one single timing advance in Uplink (UL) is supported even for UL CA scenarios.  In fact, during the Rel-10 technical standardization, 3GPP RAN1, RAN2 and RAN4 have already studied and concluded that there are scenarios where the separate timing advance commands per component carrier are required [1][2]. These scenarios correspond to examples of using frequency selective repeaters (as shown in Figure 1), remote radio units (CA scenario 4) and uplink CoMP. Due to the limited timeline of Rel-10 technical standardization work, LTE Rel-10 timing advance only supports one single timing advance value with the following two restrictions (1) the timing advance is based on synchronization to the PCell; (2) no Random Access (RA) procedure is supported on SCell. 

[image: image1.emf]Repeater 1

UE

Cell

f

1

Repeater 2

f

2


Figure 1: Example of Using Frequency Selective Repeaters
2 Discussion
When the devices initially start from idle mode or after the cell search, it will perform the initial random access in the PCell to obtain the needed timing information. During the random access procedure, the random access preamble transmitted by the UE is used by the eNodeB for achieving initial time and frequency synchronization and for timing advance correction. After this initial synchronization from the RACH, the eNodeB can use other UL signals (e.g. cyclic prefix or the UL reference signal) for synchronization tracking/updates.

In order to support the multiple/different TA for both PCell and SCell in the uplink carrier aggregation two different scenarios are considered:

1. Adjustment of larger TA changes on the SCell or when there is the need of a separate Random Access (RA) procedure: To support the adjustment of larger TA value, the 11 bit timing advance command is used when the MAC CE is insufficient to adjust large timing difference, e.g. at initial random access, or when a new ranging procedure is needed.

2. Adjustment of smaller TA changes on the SCell: To support the adjustment of smaller TA value, a Timing Advance Command MAC control element (CE) can be use with certain cell indicators signalling associated with the corresponding TA adjustment.  It is possible to reuse the existing 6 bit TA MAC CE or design a new one.

One of the main goals to design multiple-timing advances methods for Rel-11 and beyond is to provide a simple workable solution to enhance the system performance by reusing existing procedures of Rel-8/9 and Rel-10 as much as possible.   In order to achieve such goal, two different options are proposed and described below.  The first option corresponds to the scenarios where a new TA is to be established in SCell with RA procedure; while the other option corresponds to the scenario when reasonable initial synchronization has achieved and the TA adjustment can be done without the need of additional RA procedure in SCell.

2.1 RA procedure on SCell 
After the initial random access takes place on the primary cell, as it is done in Rel-8/9/10, the link is synchronized and established with PCell.  Once the link and synchronization to the PCell is established, the SCell can be added via RRC configuration. To configure and/or activate the SCell, the eNB may or may not need to initiate a separate RA procedure in SCell depending on whether a new TA is to be established for the Scell or not. As we discussed in another paper [6], there could be two possibilities for eNB making a decision that a new TA is needed:

1. Based on deployment (e.g. RRH or repeaters being deployed on target carrier/band), always assign a new TA from the beginning of SCell configuration if it is needed.

2.  Assume a default TA (e.g. that of Pcell), and assign a new TA based on operation requirement in a more on-demand fashion, e.g. when UE is indeed close to a RRH/Repeater
We note that option-2 in practice may cause issues, since eNB would not likely know whether UE currently needs a new TA or not unless UE starts uplink transmission. If the UE indeed uses a wrong TA in uplink transmission, it leads to interference and additional interruption due to recovery from losing synchronization. Therefore in the rest of the paper, we assume that 

· eNB decides whether a newly added SCell requires a new TA or not based on deployment and UE’s current CA configuration. 
· a RA procedure is always used to obtain initial value of a new TA.
Performing RA procedure in SCell, although is different from the Rel-8/9/10 system behaviour and is not currently supported in Rel-8/9/10, may be needed due to large timing advance difference between PCell and SCell. Such behaviour appears to be consistent with legacy behaviour in establishing an initial TA.

Note in RAN2#73bis, UE autonomous adjustment was mentioned. RAN2 made decision to adopt a working assumption of “RACH on Scell” and leave it to RAN1 to decide whether UE adjustment could be a possible solution. While not really in RAN2 discussion scope, our study shows that there is a good possibility in repeater deployment case, UE may pick stronger eNB downlink signal as timing reference yet eNB may pick repeater signal in the uplink. This different downlink/uplink coverage map of eNB/repeaters is caused by deployment, e.g. different downlink TX power levels, and quite likely may occur. Thus UE autonomous adjustment may not work well in such case.
Proposal 1: Reconfirm Random Access procedure based TA adjustment on SCell is needed to support multiple-TA CA.

RA procedure based TA adjustment is used when UE is instructed by the eNB to obtain a new TA as part of SCell activation process or for an already activated SCell whose TA requires significant adjustment. eNB may inform UE of a dedicated RACH preamble on SCell via one PDCCH order transmitted on scheduling cell. In case the SCell in need of a new TA is cross-carrier schedule by another serving cell, the 3 bit Cell Index introduced in Rel-10 DCI format 1A in the above PDCCH can be used to indicate on which SCell UE shall initiate the RA procedure. 
Here we assume multi-TA and cross-carrier scheduling are independent capabilities and configurations, and there is no change to the cross-carrier scheduling configuration with or without multi-TA configured for the UE. For example, if cross-carrier scheduling is not configured for the target SCell, the PDCCH RA order is only sent from that SCell, implying obtaining initial TA of that SCell must happen after SCell activation. 
Corresponding to the RACH preamble sent on a SCell, eNB signals, the 11 bit timing advance in MAC RAR (random access response) is used. Since eNB assigns dedicated preamble for RA procedure on SCell, TC-RNTI is ignored by UE. 
Whether the RAR message is sent on the corresponding SCell downlink or PCell is FFS. Since in Rel-10 UE does not monitor PDCCH search space corresponding to deactivated Scell, and without getting RAR, the SCell is not really usable in a strict sense, it seems reasonable to have RAR sent in PCell. If so, RAR message is to be redesigned to include some Cell Index or TA Index explicitly to avoid any possible confusion. More discussion on this is in Section 2.2 below.
On the other hand, it does not appear to have any problem to have RAR on the corresponding Scell either, except that this limits RA procedure on SCell to be allowed only after SCell activation, if we are to keep Rel-10 behavior on deactivated SCells.
Proposal 2: The PDCCH order, possibly cross-carrier scheduled based on configuration, is used to signal a dedicated RACH preamble for the RA procedure on SCell.

Proposal 3: W.r.t. Proposal 2, supporting multiple-TA should not require additional UE capability on cross-carrier scheduling.
The proposed RA procedure on SCell is illustrated in the following Figure 2, in which we assume UE is configured so that SCell1 is scheduled from PCell but SCell1 requires a new TA different from PCell.
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Figure 2 Multiple Timing Advance Using RA procedure (assuming SCell1 is cross-carrier scheduled by PCell).
2.2 Maintenance of Multiple TAs with MAC CE  

When a UE has already achieved its synchronization and maintained a TA for SCell (different from PCell), eNB may use MAC CE to adjust the UE’s TA as shown in Figure 3.  There does not appear to be a need to limit transmitting the TA MAC CE only from the corresponding SCell, i.e., it could be sent only from PCell or any available downlink assignment without restriction (e.g. “any cell”). Therefore MAC CE for TA shall include certain index information, e.g. the Cell index or TA index information, so that UE is clear to which TA the adjustment is to be applied. 

As we discussed in another paper [6] defining a new “TA index” seems to be preferable than using a representative cell index. Otherwise, when using a cell index to represent TA instance, if the representative cell is deactivated or removed, reconfiguration of other cells associated with the TA are required which causes some overhead and complexity.
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Figure 3 Timing Advance Command for SCell Using MAC CE sent on PCell
One possible solution is defining one new timing advance command containing the Cell Index or TA Index field to signal which TA instance the current timing advance applies to. We can name the new TA command as Extended Timing Advance Command MAC Control Element, with an example format shown in Figure 4. One Octet is appended, wherein the most significant 3-bits in Octet 2 can represent the Cell Index or TA Index. This Extended Timing Advance Command can indicate the timing advance for up to 8 TA instances. 
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Figure 4, Extended Timing Advance Command MAC Control Element.
Proposal 4: Extend TA MAC CE in Rel-11 to specify TA index or Cell Index, to allow independent TA adjustment.
3 Conclusion

In summary, the contribution proposed how to support UL multiple timing advances for LTE Rel-11 CA with focus on related MAC enhancements. The key proposals are:

Proposal 1: Reconfirm Random Access procedure based TA adjustment on SCell is needed to support multiple-TA CA.

Proposal 2: The PDCCH order, possibly cross-carrier scheduled based on configuration, is used to signal a dedicated RACH preamble for the RA procedure on SCell.

Proposal 3: W.r.t. Proposal 2, supporting multiple-TA should not require additional UE capability on cross-carrier scheduling.
Proposal 4: Extend TA MAC CE in Rel-11 to specify TA index or Cell Index, to allow independent TA adjustment.
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