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1. Summary
During the last two RAN2 meetings, the concept of using autonomous timing advance (TA) for SCells requiring a different timing advance from the PCell was discussed ([2]

 REF _Ref295809469 \r \h 
 \* MERGEFORMAT [3]). Relevant scenarios include for example the R11 inter-band RRH and repeater scenarios.
As a result, RAN2 has sent an LS to RAN1 and RAN4 [1] asking for input on the feasibility and impacts of using autonomous TA.

2. Introduction

As part of the R11 CA Enhancements Work Item, RAN2 is investigating how to implement control of UE TA in cases where a UE configured for carrier aggregation has cells that require UL TA that is different from that for the PCell. The carrier aggregation scenarios 4 and 5 described in Annex J of 36.300 are examples for these use cases.

RAN2 is currently working on a solution that is similar to the method that is used for R10 but extended to accommodate more than one timing advance per UE and to allow random access on SCells.

RAN2 is also considering an alternative approach in which the UE calculates the TA of SCells that do not have the same TA as the PCell based on the TA of the PCell and the DL timing difference between the PCell and the SCell measured by the UE. In the LS [1], two possible variants of this method have been identified:

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

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

RAN1 is asked to provide input in the following areas (questions to RAN4 only are omitted from the list):

1. If the methods would be compatible with anticipated future environments such as CoMP,
2. If calculating TA by the methods (a) and (b) would meet the accuracy and robustness that would be required to allow the UE to perform time aligned UL transmission on the SCells in any feasible deployment,
3. 
If RAN2 were to adopt a solution based on method (a) or (b) rather than the multiple RACH solution, do RAN1 and RAN4 think that their work load for R11 would be increased,
4. Identify any other issues that RAN2 should consider in their further work on multiple TA to help RAN2 to decide on the viability and/ or suitability of the calculation-based methods described.

In this contribution, we discuss in particular the second question on autonomous TA accuracy. For the fourth question, we deem it pertinent to consider one additional design aspect which is the initial SCell power.

3. Discussion

3.1 UL Transmission Timing Accuracy

3.1.1 Accuracy requirements
According to TS 36.133 Sub-clause 7.3.2.2, “the UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to ±4* TS seconds to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command is expressed in multiples of 16* TS and is relative to the current uplink timing.”
When the TA is provided in a closed loop manner by the eNB, the eNB knows exactly what the ideal TA should be, and can signal that to the UE with the accuracy of the TA command.  For the initial TA provided as part of the random access procedure, it is assumed the eNB will provide this near ideal (ideal except for signalling accuracy) TA.  For steady state, the eNB may do so as well, but there is no such requirement to do so. 

Given that the timing advance command is expressed in multiples of 16* TS, there is an inherent error of +/- 8Ts in the TA.  That combined with the allowed UE error for applying the TA of +/-4Ts, results in an overall allowed UL timing error of +/-12Ts (+/-0.75 TA steps or 0.39us).  This may be used as the allowed error (with respect to the ideal TA) for the initial autonomous TA to provide comparable performance with R8.  
For steady state operation, according to TS 36.133 Sub-clause 7.1.2, the UE must nominally maintain its transmission timing with an error less than or equal to (Te with respect to the DL timing reference minus the TA,
where:

· Te is 12*TS for DL BW>=3MHz (24*TS for DL BW =1.4MHz)

· The DL timing reference is when the first detected path (in time) of the corresponding DL frame is received from the reference cell. 

Consequently, if the TA used by the UE is the near ideal TA, then the allowed UL transmission timing error is the TA quantization error of +/- 8Ts combined with the allowed transmission error of +/-12Ts (>=3MHz BW) and the allowed UE error for applying the TA of +/-4Ts; this results in an overall allowed UL timing error of +/-24Ts (+/-1.5 TA steps or 0.78us).  This may be used as the allowed error for the steady state autonomous TA to provide comparable performance with R8, assuming for R8 the eNB updates the TA as needed to keep it near ideal.  Since there is no requirement on the eNB to maintain the TA near ideal in steady state, a less stringent requirement could be considered for steady state autonomous TA.
Observation 1:

Using +/-12Ts for the accuracy requirement for initial Scell autonomous TA seems consistent with R8 performance.

Observation 2:

Using +/-24Ts (BW>=3MHz) for the accuracy requirement for steady state Scell autonomous TA (i.e., assuming fully autonomous TA) seems consistent with best case R8 performance. Since the eNB is not required to maintain a near ideal TA for closed loop TA, a requirement less stringent than +/- 24Ts could also be considered for autonomous TA.

3.1.2 Factors Affecting Autonomous TA Accuracy

From [3], the autonomous TA equation proposed is:  
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where:

TAS = timing advance for Scell

TAP = timing advance for PCell

TDRP = time of PCell reception

TDRS = time of SCell reception

TDTP = time of PCell transmission

TDTS = time of SCell transmission

The accuracy of the calculation depends on a number of factors:

1. Whether the difference between the UL propagation delay and the DL propagation delay for a given SCell is small enough to be ignored and hence twice the DL propagation delay may be used to represent the DL+UL propagation delay
2. Accuracy of the UE’s measurement of time difference between the UE’s PCell reception and its SCell reception

3. Availability to the UE and accuracy of the time difference between the UE’s PCell transmission and its SCell transmission

4. Accuracy of TA for the PCell
3.1.3 Difference between UL and DL Propagation Delays

The autonomous TA calculation assumes the difference between the UL propagation delay and the DL propagation delay for a given SCell is small enough to be ignored.  If it is not small enough to be ignored, the accuracy of the autonomous TA calculation will be impacted which could result in unnecessary UL interference.

In [3], an analysis of inter-band propagation delay difference presented in RAN4 [5] [4]was used to provide an upper bound for the propagation delay difference between the DL and UL of the same cell.
According to this analysis, for inter-band Scenario #2 and #3, the timing difference for the strongest paths is less than 0.52 us (one timing advance step) for 97-98% of the cases and always less than 2.5 us. 

Then, according to [3], assuming an UL carrier and its linked DL carrier are in the same band, since the frequency difference between UL and DL carriers in the same band is much less than an inter-band frequency difference, the difference in propagation delay between the UL direction and DL direction can be no more than the inter-band timing difference of 0.52 us.
This value of 0.52us was, therefore, used to represent the upper bound on the difference between the propagation delays of the UL and DL directions of the same cell, and the TA accuracy based on UL/DL propagation delay only was given as 2*0.52us.  [The factor of 2 comes from the fact that the autonomous TA calculation includes an approximation of UL propagation delay based on DL propagation delay for both the PCell and the SCell, each of which has a upper bound error of 0.52us]. 

This upper bound is equal to 2*16Ts which is a much larger error than allowed for initial TA.  Therefore, a more realistic analysis is needed to determine what potential impact there is to TA accuracy for the assumption that the UL propagation delay is the same as the DL propagation delay.
Observation 3:
Use of DL propagation delay as an approximation for UL propagation delay introduces an error into the autonomous TA calculation which may need to be quantified realistically. 
3.1.4 Accuracy of PCell/SCell Reception Time Difference

For the autonomous TA, the UE must measure the difference between the time it receives the PCell DL and the time it receives the SCell DL. The accuracy of this measurement will affect the accuracy of the autonomous TA calculation.  A specification of this accuracy will be required to ensure that in reasonable conditions the measurement falls within some allowed range.  

The existing RSTD measurement which is used for positioning may be used as an example.  This is a measurement of the received signal time difference between two cells where the measurement is made using the positioning reference signal (PRS).  Inter-frequency measurement accuracy for (Ês/Iot)ref ≥ -6dB and (Ês/Iot)i ≥ -13dB is specified in the range of +/-9Ts to +/-21Ts.  Analysis would be needed to determine the correct specification for a similar TA measurement which may use CRS.  

For use of autonomous initial TA, the requirement would need to be such that the total error (all factors included) does not exceed the initial TA accuracy requirements (shown earlier to be +/-12Ts).
For both initial TA and subsequent TA, if autonomous TA is used and accuracy is specified, the question arises as to what happens if the criteria for the accuracy requirement is not met; for example if SCell DL is in a deep fade or the UE is unable to maintain consistent synchronization with the DL of the SCell.  The UE would not be required to meet the accuracy requirement in this situation, but the UE performing autonomous TA may still compute a TA and attempt to transmit in the UL with an incorrect TA which may result in unnecessary interference.
Observation 4:

It may be possible to specify accuracy requirements for the received DL timing difference measurement such that in certain conditions the UE will be able to meet initial and steady state TA performance requirements; however, when those conditions are not satisfied, the UE may compute an incorrect TA which may result in unnecessary interference.
3.1.5 Availability and Accuracy of PCell-SCell Transmission Time Difference

In order for the UE to autonomously determine the SCell TA, it needs to know the transmission time difference between the PCell and the SCell.  The accuracy with which the UE has this time difference will impact the accuracy of the calculated TA.

According to TS 36.104 version 10.3.0 Sub-clause 6.5.3.1 (as well as Section J.1 of 36.300), the maximum allowed BS misalignment (i.e., difference in transmission time) between two component carriers (transmitting from the same transmission point) in inter-band non-contiguous CA is 1.3us.  This is equal to 40Ts, which is much larger than the initial TA accuracy requirement.  This time difference is a function of the hardware components and, as such, may not be readily available to the eNB for signalling to the UE.

For deployment scenarios where transmission of the carriers is not from the same point, e.g., RRH scenario, additional misalignment may occur.  It has been assumed [3] that the eNB could obtain this information and need not update it often.  This should be discussed and confirmed.

In summary, the following questions need to be considered in order to determine the impact of the PCell-SCell transmission time difference on the accuracy of autonomous TA.

· How accurately can this time difference (including all sources of differences) be determined?

· Is it always known to the eNB so it can be made available to the UE?

· Does the value change over time such that it needs to be monitored by the eNB and be resent to the UE, and if so how often?

Observation 5:

An understanding of the availability and accuracy of the transmission time difference between the PCell and SCell is needed to understand the impact on the accuracy of autonomous TA calculations.
3.1.6 Accuracy of PCell TA

The autonomous SCell TA is based on the PCell TA.  The accuracy of the SCell TA is therefore dependent on the accuracy of the PCell TA, where accuracy means how close it is to the ideal TA to achieve the best UL timing.  There is an expectation that the initial PCell TA will be near ideal, but there is no requirement on the eNB to maintain the accuracy of the PCell TA within any specific tolerance. The requirement is only to achieve at least 70% of maximum throughput (per TS 36.104 section 8.2.2).
Since the TA command resolution is 16Ts, there is an inherent uncertainty of +/-8Ts in the PCell TA even when the eNB signals the best TA it can.  This will affect both initial autonomous TA accuracy and steady state autonomous TA accuracy.  
If the eNB in steady state does not maintain the PCell TA to the nearest TA step to ideal, there will be additional impact on the accuracy of the autonomous TA.

Observation 6:

Accuracy of PCell TA, which would affect both initial and steady state autonomous Scell TA, is at best +/-8Ts. Additional impact on accuracy is dependent on how well eNB maintains PCell TA to within +/-8Ts of ideal.
3.2 Initial Power Setting
The R8 method of using the random access procedure to initialize UL TA is also used to determine the transmit power of subsequent UL transmissions. 
In the random access procedure, the first transmission of the PRACH preamble power setting is related to measured pathloss and configured P0. If the first preamble is not successfully received at the eNB, the UE autonomously ramps the preamble transmit power in steps until it is finally successfully received.  The amount of power ramp up (delta from first preamble to last preamble) is used in the power setting for subsequent UL transmissions, presumably enabling the first PUSCH transmission to be successful.  Initial power is currently set this way for the PCell in R10.
In the absence of the random access procedure (as for the SCell in R10), the transmit power of the first PUSCH is related to measured pathloss and configured P0; no power ramp up value is available for adjusting the power.  If the first PUSCH is not successfully received at the eNB, the eNB would presumably signal step-up TPCs in subsequent UL grants, and at some point a subsequent PUSCH would be successfully received.

What we observe here is that with or without the random access procedure, initial power can be stepped up to the required power to achieve successful transmissions.  Using the random access procedure, the UE autonomously ramps the power.  Without the random access procedure, the eNB ramps the power with TPC commands.

We also observe that one of the reasons given for autonomous initial TA is to reduce delay.  When using the random access procedure, there is delay incurred by the random access messages and in the ramping process, with the result that the first PUSCH should be successful.  Without the random access procedure, the first PUSCH may or may not be successful.  If no ramping is needed, there is no delay for the first transmission.  If ramping is needed, however delay is incurred as TPC commands are needed to ramp the power.  
Given that ramping is needed, it is difficult to say which method will result in less delay since the delay depends on the parameters configured, e.g., preamble ramping step can be [2,4,6] dB, whereas the TPC step can be [1,3] dB, PRACH timing depends on which sub-frames are available for PRACH transmission, etc.  

Observation 7:

Initial power can be set with and without the random access procedure.  Whether more delay is incurred with or without the random access procedure is dependent on whether power ramping is needed and the parameters configured.
4. Conclusion

In this document, a number of observations were made regarding the accuracy of autonomous TA for both initial TA and steady state TA.
Based on these observations, we believe that Method (a), which allows the UE to be in sole control of TA without any adjustments from the eNB, may result in undesirable behaviour especially in the case of  poor channel conditions.

We believe it is essential for the eNB to have the ability to at least adjust/override the TA after the initial TA.

We also believe further analysis is needed to determine whether the initial TA can be made accurately enough to at least meet R8 performance requirements to avoid unnecessary UL interference.

We kindly ask RAN1 to take the observations and conclusions contained herein into account when deciding how to respond to the LS from RAN2.
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