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1
Introduction
It was agreed that in Rel-10, only intra-band CA is supported for the UL and the CA application scenarios of Radio Remote Head (RRH) and repeaters will not be supported in the UL direction. But in Rel-11, if we consider UL inter-band CA for RRH and repeater cases, multiple timing advance (M-TA) will be needed and it was agreed that it should be included in the CA work item in [1].
2
Application scenarios which need multiple TA
In Rel-10, five application scenarios for CA were agreed. Scenario #4 & #5 are about RRH and repeater cases, which were not supported in Rel-10 but will be considered in Rel-11. 
For scenario #4, a RRH is deployed to provide higher throughput at hot spots. If a UE is located within the overlapped area of a RRH and a macro cell, and has the capability to do UL transmission to both the RRH and the macro cell eNB, multiple timing advance (M-TA) will be needed to ensure the UL transmission alignment to both RRH and macro cell eNB when it is configured with carrier aggregation between carrier(s) on RRH and on macro cell eNB,
For scenario #5, a repeater is deployed to extend the coverage of a macro cell eNB. Similar to the RRH scenario, if a UE is located within the overlapped area of a repeater and a macro cell and is configured with CA, multiple timing advance will also be needed for this case.

In Rel-10, RAN4 had a LS [2] to clarify the timing difference between different frequency bands. It concluded that for the same location, different frequency bands will not cause big timing differences for UL transmission. In 97%~98% of cases, the TA difference will be less than one TA step and the maximum TA difference will be less than five TA steps for the same location but different frequency bands. So multiple timing advance will be only needed for different receiving locations. And if more than one carrier is operated with the same receiving node, these carriers could use the same TA value for UL transmission.
In the agreed CA deployment scenarios, currently we didn’t find valid reason to have overlapped coverage from more than two reception nodes, but we could not preclude the possibility of some more complex use cases in the future.
For UL intra-band CA, carriers within the same frequency band are probably having similar coverage, so in this case, we may not need to deploy a RRH or a repeater. What’s more, on the same frequency band, if a UE has more than one TA, it might cause some difficulty for the RF design. So for multiple TA case, UE should also support UL inter-band CA. In this case, UE may need separate RF chain for each frequency band with a different TA value in each chain, so the number of the supported TA will also affect the cost at the terminal side.
Considering the practical deployment scenarios and the cost at the terminal side, we have a small preference that two TAs might be enough for one UE. 
Proposal 1: RAN2 will need to discuss practical deployment scenarios and the consequent maximum number of separate TAs that UEs will need to support.
3
How to get the extra timing advance
3.1
Enable RACH on SCell
In Rel-8/9/10 an absolute value for timing advance is obtained from RACH either initiated by the UE or by the network using PDCCH order. When multiple TA is supported possibly the most straightforward solution to acquire TA for a timing advance based on SCell only is to use the same principle, however, this would require that RACH is available on the SCell. 

In Rel-10, only a single TA was supported, and it was agreed that RACH would only be performed on the PCell, which means that eNB does not need to indicate to the UE the RACH configuration on SCells.  This saves signalling overhead and complexity. If we choose RACH to measure TA on an SCell, it will be necessary to enable RACH on one or more SCells and eNB will need to indicate to the UE the RACH configuration(s) on SCells that are to be used. This will entail some signalling overhead and some complexity, furthermore obtaining timing advance from RACH entails some delay. There would also be some issues to resolve, for example do we allow parallel RACH on the PCell and SCell; is RACH configured on only one SCell per timing advance; are contention free signatures i.e. PDCCH order and/or contention signatures i.e. UE initiated utilised on an SCell.
Some positives for the mechanism are:-
-
Straightforward, RACH is already a mature solution in LTE, no new mechanism introduced,
-
Current eNB already has the competence to calculate TA based on preamble and UE is able to transmit preamble, so no big impact for eNB and UE implementation.
And some negatives are:-
-
Need to enable RACH on SCell, also a need to indicate the available RACH configuration to the UE, 
-
Some more evaluation and specification effort will be needed for possible issues for RACH, e.g. parallel RACH and RACH selection,
-
Delay in obtaining timing advance from RACH is not avoided,
-
Some additional RACH load.

3.2
Other possibility to acquire TA with less overhead and delay
In using the RACH procedure to calculate absolute TA, at least a TA probe (i.e. PRACH preamble) will need to be transmitted to eNB for TA calculation and a TA command (i.e. Random Access Response) must be received from eNB. Even for contention free RACH i.e. PDCCH order, it may need 6~15ms for preamble transmission plus 4 + RAR window milliseconds for RAR reception so if timing correction is required prior to uplink transmission it is possible that the delay from eNB deciding to do UL scheduling on one SCell to the time when UL transmission is possible could be tens of milliseconds. In addition there is potentially a wasting of the UL grant in the RAR if timing correction is made when there is no data to be sent.

One potential way to avoid delay in obtaining absolute timing advance for an SCell is to let the UE calculate the TA value on the SCell itself based on the available timing information on PCell, Because TA is used to ensure that UL transmission from all the UEs received at eNB side simultaneously, and aligned with the transmission timing at eNB side. And because UE takes DL reception timing as the TA reference, so the TA value should be equal to twice of the DL transmission delay. In multiple TA case, when UE is aware of the TA value on PCell, it could calculate the propagation delay for UL/DL transmission on the PCell. The UE could measure the DL reception timing difference between PCell and SCell to calculate the propagation delay for DL/UL transmission on SCell, and then calculate the TA value for UL transmission on SCell. 
Here we made the assumption that eNB has aligned DL transmission timing on the PCell and the SCell. In case different transmission timing on macro cell eNB and repeater/RRH, eNB could indicate the timing difference of DL transmission for UE to calculate the timing advance on SCell. figure 1 shows an example of the corresponding timing relationship.
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Figure 1 example for the timing relationship

Such a mechanism would also avoid the need to enable and signal to the UE an SCell RACH configuration. Following from the discussion in sections 3.1.and 3.2 the following observation is made.
Proposal 2: For the case of multiple TA, RAN2 should consider both RACH on SCell and alternative approaches to obtaining the absolute timing advance for timing advance based on SCell . 
4
How to maintain the multiple timing advance

In Rel-10 CA, a common timing advance is maintained for all UL cells and corrections received by Timing Advance MAC CEs are applied to all uplink transmissions. In addition a single time alignment timer operates. When a UE is configured for multiple TA it will need to be decided how uplink TA is adjusted on the fly i.e. by MAC CE and how time alignment timers are to be implemented.
In Rel-10 timing advance operates for a group of cells i.e. the PCell and SCells supporting UL transmission. When a UE is configured for multiple TA, it seems reasonable to assume, although this will need to be agreed, that the second (or third etc) timing advance (associated with a SCell) can also apply to a group of SCells i.e. Scells associated with a common receiver.
Adjusting UL TA by Timing Advance MAC CEs

In Rel-8/9/10 the Timing Advance MAC CE is used to keep the UE in time alignment. When multiple TA is supported it seems natural that the receiving entities correct for changes in each TA using the MAC CE mechanism. It is not necessary to correct the UL cells simultaneously and so Timing Advance MAC CEs could be sent for each TA independently whenever there is a need. The timing correction contained in the MAC CE could be applied to all cells that share the same TA. It would need to be decided whether the TA to which the correction relates is identified implicitly from the DL cell on which it is received or from the MAC CE.

Time Alignment Timer

A furter issue that will need to be decided is the use of time alignment timers when multiple TA is configured. One approach would be to operate a separate time alignment timer for each TA, re-initialised when a Timing Advance MAC CE or an absolute timing advance e.g. from RACH is received for that TA. UL transmission would not be permitted on cells for which the associated timing advance timer has expired, which raises the case of the PCell time alignment timer having expired when the timer associated with a SCell has not.  
A secondary question is that, if more than one time alignment timer is used, should they have the same run length i.e. should the parameter timeAlignmentTimer have the same value for each timer. How long the UL TA could be valid should mainly depend on the mobility speed of UE and the environment around it, so there may be no big difference for the PCell and the SCell, and eNB could configure one single timeAlignmentTimer for all the serving cells.
Proposal 3: RAN2 will need to discuss and decide between the options for TA maintenance mechanism in the case of multiple timing advance being configured.

5
Conclusion
We have analyzed the carrier aggregation deployment scenarios which need multiple timing advance and also discussed the possible solutions to acquire TA on SCell in this contribution.
Proposal 1: RAN2 will need to discuss practical deployment scenarios and the consequent maximum number of separate TAs that UEs will need to support.
Proposal 2: For the case of multiple TA, RAN2 should consider both RACH on SCell and alternative approaches to obtaining the absolute timing advance for timing advance based on SCell. 
Proposal 3: RAN2 will need to discuss and decide between the options for TA maintenance mechanism in the case of multiple timing advance being configured.
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Annex

	#
	Description
	Example

	1
	F1 and F2 cells are co-located and overlaid, providing nearly the same coverage. Both layers provide sufficient coverage and mobility can be supported on both layers. Likely scenario when F1 and F2 are of the same band, e.g., 2 GHz, 800 MHz, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	2
	F1 and F2 cells are co-located and overlaid, but F2 has smaller coverage due to larger path loss. Only F1 provides sufficient coverage and F2 is used to provide throughput. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that aggregation is possible between overlaid F1 and F2 cells.
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	3
	F1 and F2 cells are co-located but F2 antennas are directed to the cell boundaries of F1 so that cell edge throughput is increased. F1 provides sufficient coverage but F2 potentially has holes, e.g., due to larger path loss. Mobility is based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
	
[image: image4.emf]

	4
	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to provide throughput at hot spots. Mobility is performed based on F1 coverage. Likely scenario when F1 and F2 are of different bands, e.g., F1 = {800 MHz, 2 GHz} and F2 = {3.5 GHz}, etc. It is expected that F2 RRHs cells can be aggregated with the underlying F1 macro cells.
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	5
	Similar to scenario #2, but frequency selective repeaters are deployed so that coverage is extended for one of the carrier frequencies. It is expected that F1 and F2 cells of the same eNB can be aggregated where coverage overlap.
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