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1 Introduction

RAN2 has agreed on introducing multiple timing advance. In RAN2#74 [1] compared a TA calculation based method with the agreed RACH on SCell based solution. Discussion on this topic resulted in sending an LS to RAN1/4  in [2] asking if a timing difference based solution for timing advance on SCell TA groups meets accuracy and robustness. RAN1 replied in [3] and RAN4 in [4].
In this contribution we compare three methods for achieving initial uplink synchronization for a SCell TA group. Synchronization based on RACH on SCell is compared with two DL arrival measurement based methods that are based on measuring the DL arrival timing between PCell and SCells. For one method the actual TA calculation is done in the network and for the other one UE is performing the measurements as well as autonomously performs the TA calculation. Further points of the discussion are details on the necessary measurements and reporting for DL arrival timing differences-based synchronization.
It should be noted that we consider the methods discussed in this contribution for initial time alignment of TA groups. It is our assumption that the network can also provide time alignment adjustments for TA groups using Timing Advance MAC CEs
2 Discussion
2.1 RACH procedure on SCell

The currently agreed method for synchronizing the UL of a SCell TA Group is the extension of the RACH procedure to SCells.
RAN2 agreed to extend the RACH procedure, in previous releases limited to the Pcell, to Scell in order to support UL synchronization in TA groups consisting solely of SCells.

While RACH procedure is already well investigated and established in previous releases, the extension to SCell will bring up new challenges and problems to be solved especially on the uplink transmission power management.

One unclear aspect of the UL power issue is if and how PRACH can be transmitted when UE is scheduled for PUSCH or PUCCH transmission simultaneously. Even though inter-band UL CA is realized by multiple independent RF blocks, the total sum of the UE transmission power needs to be taken into account from EMC perspective. To de-prioritize the transmission power of L1 control information, e.g. PUCCH on Pcell, in case of simultaneous PRACH transmission on a SCell has some impact to the PCell traffic and the system operation including SPS traffic.
RAN2 already realized issues involved with the possibility of having more than one RACH procedure ongoing in a UE in parallel. Hence the decision that a UE does not need to support the execution of two parallel RACH procedures.
Since the decision above limits the UE to having only one RACH procedure at a time, the activation and usage of an Scell when activating more than one TA group will be delayed.
Additionally, the need to have more than one RACH procedure in order to be able to use all intended cells for transmission (this is the case when intended cells are from other TA groups than only the PCell TA group) increases latency when compared to Rel10 and below.
Observation 1: RACH procedure on SCell has issues concerning UE transmission power management which lead to increased  latency.
2.2 DL arrival time measurement based procedures

RAN2 has discussed methods where the appropriate value for the timing advance for the UL of a SCell TA group is derived by observations made by the UE on the DL arrival time difference between PCell and SCell in [1], [5]. Essentially the Timing Advance (TA) value for Scell is calculated by the UE autonomously and applied for future uplink transmissions. The basis of the procedure is that there is a reference cell, PCell, where the uplink is already time synchronized, e.g. by RACH procedure, and that the propagation delay between DL and UL are at least similar if not the same. 
Using the timing relation between PCell and SCell on both UE and eNB described in Annex 1, following equation for 
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,i.e. the TA value for an SCell,  can be obtained:
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is the time difference between SCell reception timing and PCell Tx timing at UE
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is the time difference between DL PCell and DL SCell at eNB side
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is the time difference between PCell reception timing and PCell Tx timing at UE
In order to allow the calculation of 
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at the eNB, the UE is required to report 
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is already specified in TS36.214 section 5.1.15. Even though 
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is a new measurement from UE, the framework behaviour is very similar to 
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If band-specific repeater delay or specific operational delay is required between PCell and SCell, it can be taken into account by 
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Observation 2: In order to allow eNB the calculation of the TA value for an SCell, UE is required to report the time difference between PCellRx - PCellTx and  SCellRx - PCellTx .

The reason why we think, that the Timing Advance for an Scell should be determined by eNB rather than calculated by UE itself [1][5] is, that we see the need of the freedom to set 
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 at  eNB side.
While detailed requirements on TA settings for CoMP operations still need further discussion, we expect that especially from CoMP operation perspective, in order to set the UE transmission timing for uplink CoMP properly in order to have orthogonal transmissions among multiple cells and multiple UEs, the propagation delay of multiple cells and the transmission/reception timing of multiple UEs are required to be taken into account for the decision of 
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. Such calculation/decision can be only done at the network side because UE cannot take into account other UEs’ transmission/reception timing.
Therefore, we see the need to report multi-cell reception timing to the network and also to decide the Timing Advance for an Scell by the network. Note that such network based TA decision is also possible by means of performing RACH on SCell. On the other hand as described above in section 2.1 we see demerit when supporting RACH on Scell.
Observation 3:  Network based calculation of SCell TA value is necessary in order to support anticipated future techniques such as UL CoMP. 

Further motivation for a network based calculation and setting of TA for an Scell are the concerns that were addressed in [4] mentioning the  challenge to keep the TA error for interband carrier aggregation below the required value of 1.3 μs if TA is not be determined or set in eNB. 
For the case of network based calculation of TA on SCell, we assume that the timing difference measurements, i.e. 
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can be performed and reported by UE already before an Scell is actually activated, e.g. similar to mobility measurements the timing difference measurements are also performed for deactivated serving cells. This will allow the same latency for Scell activation as in Rel-10.
The summary of three methods for Scell synchronization, i.e. RACH on SCell, network based calculation of TA on SCell and UE based calculation of TA on SCell [1][5] is presented in the table below:.
Table 1. Comparison of three schemes

	
	RACH on SCell
	Network based calculation of TA on SCell
	UE based calculation of TA on SCell

	Transmission power management difficulty
	Yes
	No
	No

	Latency to use SCell
	Larger than Rel-10
	same as Rel-10
	same as Rel-10

	Uplink CoMP suitablity
	OK
	OK
	not given


Proposal:  RAN2 shall introduce UE reporting of the time difference between PCellRx - PCellTx and  SCellRx - PCellTx in order to use the reports for network based calculation of TA on SCell.
3 Conclusions

Based on the discussion, we observed and propose following.

Observation 1: RACH procedure on SCell has issues concerning UE transmission power management and latency.
Observation 2: In order to allow eNB the calculation of the TA value for an SCell, UE is required to report the time difference between PCellRx - PCellTx and  SCellRx - PCellTx .

Observation 3:  Network based calculation of SCell TA value is necessary in order to support anticipated future techniques such as UL CoMP. 

Proposal:  RAN2 shall introduce UE reporting of the time difference between PCellRx - PCellTx and  SCellRx - PCellTx in order to use the reports for network based calculation of TA on SCell.
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Annex 1: Derivation of the equation
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Figure 1 – DL arrival time measurement in reference to PCell RX
Using the time difference between PCell transmission at eNB and the SCell reception at UE, following relations can be derived:. 
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where
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is the time difference between DL PCell and DL SCell measured at UE
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is the time difference between DL PCell and DL SCell at eNB
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 can be calculated as follows:


[image: image24.wmf]SCell

SCell

PD

TA

´

=

2



[image: image25.wmf])

(

2

,

,

SCell

Pcell

eNB

SCell

Pcell

UE

Pcell

SCell

Diff

Diff

PD

TA

-

-

-

+

´

=


Although
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 is in principle half of 
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 which is known by eNB, the autonomous change of the uplink timing by UE according to TS36.133 section 7.1.2 causes some deviation from half of 
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 except only just after PRACH transmission. In order to calculate
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can be used. Using the relation 
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 can be expressed by following equation:
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 is a measurement which is available only at the UE. In order to calculate the same value at eNB for 
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directly to eNB. Another approach is using the following relation: 
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is the time difference between SCell reception timing and PCell Tx timing at UE.
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Then 
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can be calculated as following.
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