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1. Introduction
In the last RAN2 meeting RAN2#74 held in Barcelona RAN2 sent an LS to RAN1 and RAN4 asking about the merits of using a UE based TA calculation scheme based on the timing difference between the downlink reference signals of the PCell and the Scell(s) [1]. Two possible variants of such method have been discussed:

a. The UE is solely responsible for maintaining the timing advance for the SCell(s) based on the timing difference between the downlink reference signals of the PCell and the Scell(s). The network would not provide timing advance adjustments for these SCells.

b. The UE uses measurement of downlink timing difference as in (a) to replace RACH based time alignment for SCells and possibly also for periodic updating of timing advance for the SCell. In addition, the network can also provide time alignment adjustments for the SCell using Timing Advance MAC CEs.

In this contribution, we would like to share our views on the questions raised by RAN2 LS.
2. Discussions
The following questions were raised by RAN2 in the LS [1]:
[Question #1]
RAN2 thinks that the transmitter and receiver for a cell or cells for which a timing advance is calculated would need to be collocated (i.e. so that uplink and downlink propagation path lengths are effectively the same). RAN2 would therefore like to ask RAN4 whether deployment of uplink-only or downlink-only repeaters (when the UE is configured with both an uplink and downlink for the same serving cell) would need to be considered for any deployment requiring multiple timing advance values.
The proposed UE autonomous methods for SCell timing advance measurement are based on the assumption that downlink and uplink propagation paths are identical (i.e. that the downlink transmitter and uplink receiver are co-located). Under these assumptions both methods can be applied and used instead of RACH-based method on SCell if timing accuracy requirements are met.

One of the potential scenarios in which the above assumptions do not apply is the deployment with downlink-only or uplink-only repeaters used for coverage extension in respective direction.
The similar situation may be observed in carrier aggregation scenario #5 where eNB operates at the F1 and F2 and a repeater is used to extend coverage at F2 [2]. Even if such frequency selective repeater is configured to operate in both downlink and uplink there may be situations where repeater’s DL and UL coverage areas are different  (Figure 1). So some UEs may operate directly with eNB in downlink and through the repeater in uplink directions. The likelihood of the problem depends on the TX power difference of eNB and repeater nodes, as well as pathloss characteristics and eNB/repeater antenna properties. In such situation the UE will not be able to differentiate signals coming from eNB and repeater on the SCell. So it may use the stronger signal coming from the eNB for timing reference calculation.
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Figure 1. DL/UL repeater coverage in carrier aggregation scenario #5
The same situation may exist in other heterogeneous deployments where Macro-eNB and RRH/Repeater nodes use carrier aggregation. For example we may consider Scenario 4 of the Rel. 11 CoMP SI. In this scenario a network with low power RRHs within the macrocell coverage where transmission/reception points created by the RRHs have same cell IDs as the macro cell is considered. In [3], it has been shown that in this scenario the downlink transmission points and uplink reception points may not be the same for a specific UE. So if we apply a carrier aggregation concept to such a scenario and assume that eNB operates at F1/F2 and an RRH uses F2 only, then the DL and UL propagation paths for the SCell may be different. In this scenario the UE’s autonomous UL timing estimation will not work for UEs having different DL and UL transmission paths.
In conclusion UE’s autonomous TA estimation is expected to have problems when reference DL and UL transmission paths are different, which is likely in various HetNet deployments as highlighted above. Therefore, given a baseline solution for MTA should address all deployment scenarios with different timing requirements we recommend reuse of existing RACH-based solution over UE based autonomous TA estimation due to its limitations.
Proposal 1 – A single and reliable solution to establish and maintain multiple timing advance that is applicable to all deployment scenarios should be adopted as baseline.

[Question #2]
RAN2 would also like to understand, and asks RAN1, whether the methods would be compatible with anticipated future environments such as CoMP.

CoMP and CA solutions are complementary and may be combined in the same deployment. CoMP techniques may operate on either PCell or SCell. In the earlier mentioned example of CoMP + CA scenario, the DL/UL propagation path may be different when different downlink transmission points and uplink reception points are selected. In addition, proposed autonomous methods may introduce higher level of UL timing alignment errors compared to the RACH-based solution so it may harm the UL CoMP performance. However, such impact needs to be investigated and quantified.
Proposal 2 – Higher level of UL timing alignment errors associated with the autonomous TA estimation methods for CoMP scenarios need to be evaluated and the impact of different CoMP transmission and reception points need to be investigated.
[Question #3]
RAN2 would like to ask RAN1 and RAN4 if calculating timing advance by the methods (a) and (b) would meet the accuracy and robustness that would be required to allow the UE to perform time aligned uplink transmission on the SCells in any feasible deployment.

In order to answer this question the analysis of autonomous timing advance estimation methods has to be done and their accuracy should be compared with the RACH method and existing LTE requirements.
UE autonomous timing advance calculation

The DL and UL transmit timing relationships for PCell and SCell are illustrated in Figure 2.
In case of using ideal timing advance estimation the following values should be used at the UE UL timing adjustment for PCell and SCell:

	TAPcell=TPcell_DL_Rx – TPcell_UL_Tx  = TPcell_DL_Prop + TPcell_UL_Prop
TAScell=TScell_DL_Rx – TScell_UL_Tx  = TScell_DL_Prop + TScell_UL_Prop
	(1)


where:

TAPcell, TAScell – are ideal timing advance values for PCell and SCell respectively;

TPcell_DL_Rx, TPcell_UL_Tx – DL receive and UL transmit timing in PCell;

TScell_DL_Rx, TScell_UL_Tx – DL receive and UL transmit timing in SCell;

TPcell_DL_Prop, TPcell_UL_Prop are propagation times for DL and UL transmissions paths for PCell and TScell_DL_Prop, TScell_UL_Prop are propagation times for DL and UL transmissions in SCell. Assuming that DL transmitter and UL receiver are located at the same geographical coordinates the DL and UL propagation paths may be assumed equal.

If RACH-based method is used for TA calculation on both carriers then the timing adjustment values can be represented as:

	TAPcell_RACH = TAPcell + ∆TPcell_RACH
TAScell_RACH = TAScell + ∆TScell_RACH
	(2)


where ∆TPcell_RACH and ∆TScell_RACH are errors caused by non-ideal measurements and other factors.
In case of using the proposed TA calculation scheme the initial SCell TA value is calculated based on the PCell TA value (TAPcell_RACH) and on the timing difference between the downlink reference signals of the PCell and SCell (∆TProp=TPcell_DL_Rx – TScell_DL_Rx):
	TAScell_Autonomous = TAPcell_RACH – 2∆TProp = TAPcell_RACH – 2(TPcell_DL_Prop – TScell_DL_Prop – ∆TDL_TX)
	(3)


where ∆TDL_TX is the time difference between the start of DL transmissions of PCell and SCell.
In case of using method a) the TA value for SCell is controlled at the UE side only. So the potential errors arisen during the initial timing advance procedure cannot be compensated. The UE autonomous timing advance method b) is a more general approach – as additional closed-loop adjustments may be done by eNB to compensate different sources of errors in equation (3).
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Figure 2. PCell and SCell timing example
Sources of timing advance errors for RACH-based TA estimation method
The following errors should be taken into account for calculation accuracy of RACH-based TA calculation method (note that LTE specification defines timing advance measurements requirements and radio resource management requirements):
1. Timing measurement errors (synchronization errors)
· UERX-TX time difference which is equal to ±10Ts for BW > 5MHz [4];
· eNodeBTX-RX no requirements provided and may be assumed to be equal to UERX-TX time difference (i.e. ±10Ts for BW > 5MHz);

2. Timing advance settings requirements (radio resource managements requirements)
· Quantization error of eNodeB TA command equal to ±8Ts [4];
· Requirement on the accuracy of UE TA settings equal to ±4Ts [4].
Assuming that all these factors contribute to final timing advance error we can conclude that the accuracy of RACH-based method will be within the range of ±32Ts.

Sources of timing advance errors for autonomous TA estimation method

Timing advance estimation includes the following types of errors:
1. TA errors of the PCell (RACH-based method) equal to ±32Ts;
2. Difference in PCell and SCell DL transmissions. According to the existing LTE requirements the maximum allowed timing alignment error for inter-band carrier aggregation shall not exceed 1.3 μs (±40Ts) [5];
3. PCell and SCell received DL signal timing measurement errors (synchronization errors):
· UERX-TX time difference which is equal to ± 10Ts for BW > 5MHz (for both SCell and PCell) [4].

Therefore the total initial timing advance error for variant (a) of UE autonomous TA calculation method may be as large as ±92Ts (3 μs) that is significantly exceeds the expected error of RACH-based method and it may lead to severe performance degradations due to inter-symbol interference [6]. 
The variant (b) of autonomous TA calculation method has the same accuracy for the initial stage timing advance (accomplished during the random access procedure). Meanwhile for this variant the eNB may further compensate timing advance errors by issuing appropriate closed-loop TA adjustment commands. So the accuracy of method (b) in steady-state mode may potentially be improved.

Observations:

· UE autonomous TA estimation method (a) has the worst accuracy comparing to the method (b) and baseline RACH-based method. The accuracy of the method (a) may be as large as ±92Ts (3 μs) and it does not meet the accuracy requirements for the SCell timing advance.
· UE autonomous method (b) has the same accuracy as method (a) for the initial timing advance operation. For steady-state operation method (b) timing advance accuracy may be improved using closed-loop mechanism similar to the one used for the PCell. Further accuracy estimates refinement for this method should be done.
Proposal 3 – If an additional solution is considered for timing advance estimation on the SCell (e.g. UE autonomous timing advance estimation) then the practical achievable  accuracy estimates should be further evaluated. Also, the appropriate assumptions for these evaluations have to be defined.
[Question #4]
RAN2 would like to know whether, if RAN2 were to adopt a solution based on method (a) or (b) rather than the multiple RACH solution, RAN1 and RAN4 thinks that their work load for Rel-11 would be increased.
The final accuracy estimates for autonomous TA method (b) should be further evaluated. The appropriate assumptions for these evaluations have to be defined. This will require additional work load for RAN1.
3. Conclusions
In this contribution we have shared our views on the questions raised by RAN2 related to using UE autonomous methods for timing advance estimation. As the result we have made the following observations:
· The UE autonomous TA solutions are expected to have problems when DL signal reception and UL transmission paths are different. For the carrier aggregation scenario #5 and other certain heterogeneous scenarios when eNB operates at PCell and SCell and RRH/Repeater operates at SCell the UE may operate in downlink with one station and in uplink with another. Thus the downlink and uplink propagation paths for the SCell may be different and the assumptions behind the proposed autonomous TA estimation methods may be invalid. In this sense a technical solution that fits all deployment scenarios and meets timing requirements is more preferable and the RACH-based solution is more appropriate as a baseline for multiple timing advance calculation.

· UE autonomous TA estimation method (a) has the worst accuracy comparing to the method (b) and RACH-based method. The accuracy of the method (a) may be as large as ±92Ts (3 μs) and it does not meet the accuracy requirements for the SCell timing advance.

· UE autonomous method (b) has the same accuracy as method (a) for the initial timing advance operation. For steady-state operation method (b) timing advance accuracy may be improved using closed-loop mechanism similar to the one used for the PCell. Further accuracy estimates refinement for this method should be done.

Given these above observations, we propose:

· Proposal 1 – A single and reliable solution to establish and maintain multiple timing advance that is applicable to all deployment scenarios should be adopted as baseline.
· Proposal 2 – Higher level of UL timing alignment errors associated with the autonomous TA estimation methods for CoMP scenarios need to be evaluated and the impact of different CoMP transmission and reception points need to be investigated.
· Proposal 3 – If an additional solution is considered for timing advance estimation on the SCell (e.g. UE autonomous timing advance estimation) then the practical achievable  accuracy estimates should be further evaluated. Also, the appropriate assumptions for these evaluations have to be defined.
We ask RAN1 to take into account provided observations and conclusions when preparing an answer to RAN2.
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