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Discussion 

1. Introduction
In [1], RAN2 send an LS to RAN1 and RAN4 asking some questions about timing advance calculation using time difference measurement, and initial discussion [2],[3],[4] and [5] took place in RAN4#59AH. For convenience, the content of the LS is reproduced below
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2. TA calculation scheme

In this section, the basic method for calculating TA for SCells is outlined reproduced from [7].

In multiple TA case, because UE is connected to eNB and also has a valid UL TA value on PCell, it is possible to let UE get the UL TA on SCell deployed using e.g. RRH, based on the value on PCell and the DL reception timing difference between PCell and SCell. 

We assume the propagation delay for UL direction and DL direction will be same on each carrier. So we could get that UL TA value should equal to a round trip timing delay or 2*DL transmission delay when use the DL reception timing as the timing reference. Furthermore in the multiple TA case, as long as UE can measure the DL reception timing difference between PCell and SCell, it can calculate the UL TA on SCell. Figure below shows an example of the timing relationship between DL transmission, UL transmission, DL reception time on PCell and SCell
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Figure 1, example of timing relationship between PCell and SCell

From the figure 1, we could get the TA on PCell and SCell as 
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From above we can further derive that the timing advance on SCell is; 
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To have only single unknown in the calculation the network would need to signal the DL transmission timing difference between PCell and SCell at eNB transmission εTAE= (TDTP  - TDTS). Here and for the remainder of the contribution, we assume that the intended transmission timing for the eNB is to have PCell and SCell transmission aligned, ie the target is that TDTP-TDTS=0. As indicated by RAN2 in the LS, there are two variants of the TA calculation scheme namely:
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.

Equivalently, the UE should set Scell timing according to 

TUTS=2TDRP -2εTAE  - TDRS– TAp


= TUTP+ [TDRP- TDRS]-2εTAE  The latter formulation is useful for error analysis, as it indicates the additional steps to deriving the Pcell transmission timing. Hence it highlights where additional error could be expected compared with release 8 non CA transmission timing, or release 10 PCell based transmission timing.
3. Discussion

The main question which needs detailed analysis is question 3 on accuracy and robustness of the calculated timing advance solution. Based on RAN4#59AH, there are several sources of error which are summarised in table 1.

	Error source
	Already in release 8
	References

	Timing alignment error (TAE) of PCell and SCell
	No
	36.104, R4-113450[2], R4-113723[5]

	Quantization error of Pcell/Scell departure timing difference 
	No
	R4-113717[4]

	Pcell TA accuracy
	Yes
	R4-113450[2],R4-113723[5]

	Quantization error due to the resolution of UL TA
	Yes
	R4-113717[4], R4-113723[5], 

	Difference between the uplink and downlink propagation delays
	Partially
	R4-113723[5], R4-113685[3]

	Estimation error of Pcell/Scell arrive time
	Partially
	R4-113450[2], R4-113717[4], R4-100340 [6]

	Allowed UE error for applying the TA
	Yes
	36.133, R4-113723[5]


Table 1: Summary of different factors identified in RAN4#59AH impacting accuracy

The other factor which needs to be considered is how accurate the UE SCell transmission timing needs to be. Our view is that this is rather closely linked to the discussion on the two possible variants of TA calculation method. For method a) the SCell has no possibility to perform further corrections on top of the UE calculated SCell timing and hence it could be expected that the outcome of the calculation needs to meet a higher level of accuracy to avoid additional uplink interference. For method b) the outcome of the calculation could be somewhat less accurate, because the SCell can perform additional correction. Our view is that method b) is preferable over method a).
These factors are now considered in more detail

· How accurate does the SCell uplink transmission timing need to be?

In considering this, we think that one possible way to evaluate is to compare with baseline approach of PRACH based setting of the initial SCell uplink timing. If method b) is used for calculated timing advance then there does not seem to be a strong motivation for requiring tighter initial SCell transmission timing than would be expected at the system level using a PRACH solution, considering also possible eNB errors in the PRACH detection.
PRACH detection requirements are given in in 36.104, section 8.4.2
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Hence it would be considered acceptable (from eNB conformance perspective) if the PRACH timing is estimated with an accuracy of +/-1.04uS=32Ts (AWGN) or +/-2.08uS=64Ts (ETU70). Based on detection with this accuracy, the initial UE PUCCH timing advance would be derived. Based on this, we do not think that an initial timing target for calculated TA of +/-12Ts [5] would be appropriate, since this cannot be guaranteed with the PRACH method when considering possible eNB PRACH detection errors. Considering eNB and UE errors, the initial timing error of the PUCCH transmission for PRACH based method would be either 32Ts+12Ts (AWGN case) or 64Ts+12Ts (ETU70 case) for bandwidth ≥3MHz.
Considering the 12Ts UE requirement, when this was developed in release 8, it was directly copied from the WCDMA requirement for initial DPCCH/DPDCH timing of +/-1.5 chips (WCDMA also has a PRACH requirement of +/-3.5 chips which was not copied). Hence it should be kept in mind that there was no detailed analysis of the impact to the E-UTRA system of different timing errors when release 8 requirements were developed. Also, RAN4 did not perform detailed evaluations performed of the technical feasibility of UE being able to meet the 12Ts requirement.
· Timing alignment error (TAE) of PCell and SCell
This is specified in 36.104 section 6.3.5.1 and shown as TDTP-TDTS in figure 1
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One discussion in RAN5#59AH was whether TAE can be signalled to the UE. The discussion was that if the eNB knew the TAE, then rather than signalling TAE to UE, it could adjust the PCell/SCell timing to minimise the TAE of the transmissions. While this is true, there may be issues with updating the timing of a cell on the fly, while some UE are connected to it (including rel8 UE which are not aware of CA procedures). On the other hand, signalling the TAE allows CA capable UE to make use of the value only for new SCell activations.
More fundamentally, the question this raises is whether the eNB can be aware of the PCell/SCell TAE. In this context, we note that the use of uplink carrier aggregation with calculated timing provides additional information to the eNB compared with a release 10 network. Assume that the eNB signals a transmission time difference of 0 between the Pcell and SCell, whereas in reality there is a TAE such that the SCell transmission is εTAE later than the PCell transmission. Based on equation 2, the UE will calculate a timing advance such that the SCell uplink arrives at a time εTAE earlier than would be expected. On the other hand, the SCell ideal uplink timing would be εTAE later than expected using PCell as a reference (due to its TAE). Hence a deterministic error of 2 εTAE would be seen by the Scell for all UE performing uplink CA. Since all other error sources are very likely to be random, especially when averaged over a population of UE, a deterministic timing error seen by the SCell is a very likely indication of a TAE. Even if the deterministic error has arisen from other sources, the signalled TAE can be regarded as a generic correction factor that will adjust the SCell transmission timing of all carrier aggregation UE. Therefore we believe there may be a good possibility for the eNB to become aware of the TAE and either correct, or signal it.
Otherwise, if not corrected, TAE introduces a maximum uplink timing error of 2 εTAE.

· Quantization error of Pcell/Scell departure timing difference
Since the signalling for TAE (if feasible) would need to be introduced in release 11, the quantisation error cannot yet be analysed. On the other hand, if such signalling is introduced, it should be designed such that quantisation errors are not a limiting factor in the accuracy of calculated TA procedure. For example, if TAE is signalled in 1Ts steps, a range of +/-64Ts can be covered with 7 bits, limiting the quantisation error to +/-0.5Ts, although this resolution may well not be necessary given the accuracy of other factors in the timing calculation. However, for the purposes of initial analysis, our view is that this factor could be neglected under the assumption that the signalling would be designed in such a way that the error does not contribute significantly.

· PCell TA accuracy

This refers to how accurately the eNB will set the PCell TA command. There are no requirements on how the eNB responds to provide timing advance commands to UE. Therefore, the uplink timing on the PCell might not have been set to the ideal by the eNB. In case of the calculated timing advance method, the PCell TA command is also applied to set the initial timing on the SCell so this will result in a common offset in both PCell and SCell timing. Morevover, for method (b) separate TA commands can sent for the SCell, so the steady state TA accuracy can be the same as for release 8 or release 10. Since this is not an additional source of inaccuracy compared with rel10 CA, or release 8 it is not evaluated in further detail.
· Quantization error due to the resolution of UL TA
Since the calculated SCell TA depends on the PCell TA, quantisation of the PCell TA will also apply to the calculated SCell timing. Since the quantisation of Pcell is not an additional source of inaccuracy compared with rel10 CA, or release 8 it is not evaluated in further detail.

· Difference between the uplink and downlink propagation delays
This is an important factor to be considered. The calculated TA method depends on the difference in uplink propagation delay being near identical to the difference in downlink propagation delay which is measured. The main analysis which has been performed in this area in the past is [8]. In the contribution, ray tracing simulations are performed based on a geographical region representing a typical area of downtown Tokyo. Scenarios 2 and 3 are evaluated and the simulations use F1=800Mhz and F2=2GHz. It is important to note that these simulations were primarily considering the difference between propagation delay on downlink of Pcell F1 (800MHz) and uplink of F2 (2GHz), to understand the extent to which scenarios 2 and 3 could be supported with only a single timing advance setting. In case of the calculated timing advance method, we are interested in the correlation between uplink and downlink propagation delay (earliest detected paths) on the same bands, since the method depends measuring the downlink timing using both frequencies to determine the uplink timing. In principle, calculated TA could even be used for interband CA with scenarios 2 and 3 and is likely to improve on the situation evaluated in [8] where only a single TA command directly sets the timing of PCell and SCell transmission.
The conclusion of [8] is that the difference of the first path timing between F1 and F2 is less than 0.52us/16Ts with a probability of 97-98%. Considering that calculated timing advance method depends on measurements of both F1 and F2 (and evaluation of the earliest path on both frequencies) it is very pessimistic to take 0.52us*2=32Ts as was assumed e.g. in [5], as the contribution from this source. As release 8 E-UTRA FDD transmission timing already depends on the uplink and downlink propagation delay (first detected path) being closely matched. Therefore we would expect that any additional error introduced is less than 16Ts. There is not much possibility for multiple companies to evaluate and verify this in an aligned simulation campaign at least following the approach in [8], as the ray tracing software and 3D city model are somewhat specialised and not readily available. However, we would expect the difference in propagation delay between the downlink of F1 and F2 and the difference in propagation delay between the uplink of F1 and F2 to be more closely matched than the difference in propagation delay between the downlink of F1 and the uplink of F2, i.e. this should be significantly better than 0.52us=16Ts.
· Estimation error of Pcell/Scell arrive time
The initial transmission requirement in release 8 is +/-12Ts for bandwidths ≥3Mhz. This includes estimation of the downlink timing, and practical implementation margins such as uncertainties in the receiver and transmitter delay.

 The value +/-12Ts was first suggested in [9], and is based on the WCDMA requirement for initial DPDCH/DPCCH transmission of 1.5 chips, expressed in Ts units. Hence, no specific simulation campaign was performed when the release 8 requirement was set, such as evaluation of the PCell timing estimation in low SNR conditions. Additionally no evaluation was performed of the RF impairments specifically for LTE.
Considering the calculated TA method, the SCell initial transmission timing would depend on the SCell timing estimate (this is included even if multiple TA are signaled) and additionally the difference between PCell and SCell timing.
Another approach which gives an indication of the RX timing estimation error is to look at the simulation results which were used to derive requirements for positioning RX-TX measurement. The results are summarized in [6] and reproduced below

Table 2: Simulation results for Ês/Iot = -3dB

	
	90% confidence interval of results (Ts)

	Company
	CATT
	Ericsson
	Huawei

	AWGN
	
	
	

	1.4MHz
	-6.4～-3.5
	-1.2 ~ 1.2
	±12

	10MHz
	-3～-2
	-0.06 ~ 0.06
	±0

	20MHz
	-2.35～-2.3
	-0.025 ~ 0.025
	±0

	EPA5Hz
	
	
	

	1.4MHz
	-29～-1
	-0.5 ~ 2.5
	±12

	10MHz
	-6～0
	0 ~ 2
	±1

	20MHz
	-1～0
	0 ~ 1.9
	±0.4

	ETU70Hz
	
	
	

	1.4MHz
	-18～7
	0 ~ 6
	±13

	10MHz
	0.5～4
	0 ~ 6
	±1.25

	20MHz
	0～2
	0 ~ 1.2
	±0.7


As noted in [6], there is not particularly good alignment between the results. For 10MHz bandwidth and above, the results of all companies are better than +/-6Ts with most results considerably better. On the other hand, the simulations only cover Ês/Iot = -3dB and out of sync would not be expected to occur at this level. As noted in [3], there is no release 10 radio link monitoring procedure for SCells, and the responsibility to deactivate or deconfigure weak SCells lies with the eNB. Our view is that if calculated timing advance is used for the SCell, there may also be a benefit from introduction of a radio link monitoring procedure for the SCell to ensure that transmission does not take place on wrong timing due to low SNR. On the other hand, this is a somewhat independent issue since release 10 procedures to deactivate the SCell could also prevent use of a very low downlink SNR SCell to derive the timing.
To analyse the impact of timing estimation errors, we assume the correct PCell downlink reception timing is denoted by TDRP and that the UE estimates the PCell downlink timing as θp = TDRP+εp where εp is the error term.
First, we consider the case εp doesn’t vary, for example if it represents some receiver delay which  is not ideally know. For this case, PCell TA commands will compensate PCell uplink, as fixed UE downlink estimation estimation errors would be seen in the uplink by the feedback loop. This means that the feedback loop ideally sets the uplink advance as TAp = 2 * ( TDRP-TDTP) +εp. When this TA value is applied to the UE estimated Pcell downlink timing, it results in the correct Pcell uplink timing ie 
TUTP = θp- TAp 
=(TDRP+εp)-( 2 * ( TDRP-TDTP) +εp) = 
2 TDTP- TDRP. 
In other words, the feedback loop will adjust the PCell timing to the timing that the eNB wants, regardless of the UE downlink timing estimate.

Consider how the SCell timing is derived using the calculated TA method. Again, UE estimates the timing of the downlink SCell signal with an error term

 θs = TDRS+εs
Based on this, the SCell-PCell calculated TA command is

TAs=TAp-2*( θp –θs) and this is applied to the SCell downlink estimated timing ie

TUTS =θs- TAs
= θs- [TAp-2*( θp –θs)]

= 2θp- θs - TAp
= 2 TDRP+2εp- TDRS-εs-[2 * ( TDRP-TDTP) +εp]
= εp-εs- TDRS-2DTP 
























(Case 1)
On the other hand, if εp varies randomly such that the PCell feedback loop cannot compensate it (for example fluctuation in the timing estimate due to downlink SNR of the PCell)

TAp = 2 * ( TDRP-TDTP)

Following the same approach as before, but with a TA command for the PCell which doesn’t track downlink timing error:

TUTS =θs- TAs
 = 2θp- θs - TAp
=2 TDRP+2εp- TDRS-εs -2 * ( TDRP-TDTP)

=2εp-εs- TDRS-2 TDTP
























(Case 2)
So the error in case 1 is less because PCell timing estimation is partly compensated by the feedback. In the best case, if εp=εs (eg due to same RF received design and delays for both Pcell and Scell) the errors cancel and even the SCell timing  is perfectly compensated by the eNB via the PCell feedback loop (εp-εs=0). If εp≠εs but εp has been compensated by the PCell  feedback loop then the SCell uplink timing error (εp-εs) has a variance 2x the PCell uplink timing. In the worst case, if the timing estimation was completely then the error in Scell uplink (2εp-εs) has a variance 3x the PCell timing variance.
From table 2 above, this gives a worst case error contribution from PCell and SCell timing estimation of approximately +/-18Ts (3x6Ts) although the lack of alignment in the different company results should be kept in mind.
Implementation margin due to receiver delay uncertainty should also be considered. Reference [3] indicates that 100ns ≈ 3Ts was considered in RX-TX time difference for both RX and TX delay uncertainty. It is quite likely that this uncertainty budget would be equally divided between RX and TX, in other words each receiver could have an uncertainty budget of 1.5Ts.  For this case, we assume that PCell errors are compensated by the feedback mechanism as described in case 1 above. Hence the uncertainty due to implementation impairments is +/-3Ts
· Allowed UE error for applying the TA
Having calculated 
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the allowed error in UE in applying the TA to set the SCell transmit timing is next considered. Following a similar approach to the receiver delay uncertainty, we assume at most +/-1.5Ts of uncertainty in the UE for transmitter delay.
The different components in accuracy estimate are summarised in table 3.
	Error source
	Difference in error source from release 8

	Timing alignment error (TAE) of PCell and SCell
	Maximum +/-80Ts if TAE cannot be signalled/corrected. Can be significantly better than +/-80Ts e.g. if deterministic SCell timing errors are logged and corrected by eNB signalling

	Quantization error of Pcell/Scell departure timing difference 
	Negligible, provided signalling is correctly specified

	Pcell TA accuracy
	eNB implementation issue, no difference from release 8 non-CA

	Quantization error due to the resolution of UL TA
	No difference from release 8 non CA.

	Difference between the uplink and downlink propagation delays
	Some additional error compared to release 8, likely significantly less than +/-16Ts

	Estimation error of Pcell/Scell arrive time
	Up to +/-13.5Ts additional error compared with rel 8 (3*6Ts assumed for estimation  + 2* 1.5Ts assumed for receiver delay uncertainty, less 6Ts+1.5Ts assumed for release 8)

	Allowed UE error for applying the TA
	Already included in rel8 (1.5Ts assumed for transmitter delay uncertainty)

	Total
	+/-29.5 Ts error compared with release 8 non CA if TAE can be ideally signalled/corrected

+/-109.5Ts error compared with release 8 non CA if TAE cannot be signalled/corrected


Table 3 : Summary of accuracy estimates

Based on these estimates, our view is that setting the initial Scell transmit timing by a calculated method compares favourably with the PRACH method when considering the requirements for eNB PRACH detection accuracy of 32Ts (AWGN) or 64TS (ETU70), especially if uncertainties due to PCell/SCell TAE are able to be addressed. On the other hand the additional uncertainties which arise due to the calculations would be quite significant as a steady state error, which appears to exclude method (a) from the RAN2 liaison statement.
According to our analysis, the timing alignment error (TAE) of PCell and SCell is the most significant factor in the accuracy of the method, and the dominant source of error, especially as any difference in the timing of the SCell/PCell which cannot be corrected or signalled deterministically affects the entire population of UE. On the other hand, because it is a deterministic error source, our view is that there is also a good possibility for the eNB to use SCell uplink timing to compute the TAE between cells. For example, if UE initial transmissions are found, on average, 60Ts later than the expected then this indicates that the SCell transmission timing is around 30Ts late relative to the SCell.
As our analysis indicates that TAE would be the most significant error source if uncorrected, we think that RAN4 should discuss TAE as a priority. The other areas where there are uncertainties to be considered are in the difference between the uplink and downlink propagation delays, and the estimation of PCell/SCell arrival time. In considering these factors, it should be remembered that the need for the eNB to perform estimation of SCell PRACH timing is removed by the calculated SCell timing method, so our view is that provided the additional uncertainties introduced by the UE are comparable or better than the uncertainties introduced by the PRACH estimation procedure, the calculated timing advance method can be considered feasible.  Other benefits of the TA calculation scheme are summarised in table
	
	TA calculation scheme
	RACH based solution

	RACH overhead and dimensioning at SCell
	No overhead introduced, no extra RACH capacity needed
	Preamble (6 PRB shared with other UE)

RAR (48bits from MAC layer point of view)

	Signalling overhead
	Small one extra DL RRC parameter. MAC CE signalling
	Full PRACH configuration on SCell. At least two PDCCH (Msg 0/2/4). MAC CE signalling.

	Delay
	1ms at most
	10ms for the best case

	Updating frequency
	Maintained constantly, when PCell TA is valid. Update of PCell TA adjusts automatically SCell TA.
	Totally independent between PCell and SCell

	At SCell activation
	Correct immediately when DL timing difference is measured. 
	If deactivation period is longer than time alignment timer, RACH procedure is required,  causing additional delay to the SCell activation procedure. 

	Implementation impact at eNB side
	Small, possibly signalling of DL Transmission  timing difference
	Increased complexity of preamble scheduling, and preamble receiving in cross carrier scheduling case

	Implementation impact at UE side
	Need to measure the DL timing difference.
	Introduction of RACH transmission on SCell, which may occur parallel to PUSCH, PUCCH, SR or RACH transmission on PCell.

	Extra standardization work
	Small
	Possible RACH selection, possible parallel RACH transmissions, RACH in cross carrier scheduling case. RAN4 work on simultaneous RACH on SCell and PUSCH, PUCCH or RACH transmission at PCell.

	UE extension carriers
	No need to introduce RACH on extension carriers
	Requires RACH configuration.


4. Conclusions

In this contribution, we have provided analysis of the error sources in SCell initial transmit timing, especially focussing on error sources which are additional to the release 8 or PCell initial transmit timing. When considering these additional errors, it should be kept in mind that the need for eNB detection of the SCell PRACH would be eliminated by the calculated TA method, and the 36.104 specification indicates that a detection timing error is considered if the eNB detected timing is in error by 32Ts (AWGN) or 64TS (ETU70).
The worst case error estimate for the calculated Scell timing method is 29.5Ts if eNB timing alignment can be ideally signalled and increases to a worst case of 109.5Ts if there is no correction of the maximum eNB TAE. If calculated timing is used for initial SCell transmission, then eNB TAE would introduce  a deterministic error. For this reason, it should be possible for the eNB to estimate (based on average error seen from different UE) the TAE between PCell and SCell, and either modify the SCell timing or signal a correction for release 11 CA UE.
Based on this, the calculated timing advance method has the potential to compare favourably with PRACH detection and setting of a signalled initial TA for the SCell by the eNB, especially if TAE can be signalled. However, the accuracy of the method does not appear sufficient for steady state operation and method (b) from the RAN2 liaison statement seems necessary, so that MAC CE timing advance commands can refine the initial timing. 
On other aspects of the liaison statement from RAN2, our views are unchanged from those discussed in [3]. For question 1 we think that downlink-only, or uplink only repeaters are not supported by other aspects of specifications such as power control calculations based on path loss, and as such they do not need to be considered especially as a part of the work on carrier aggregation transmission timing. If such deployments are needed then the work would be considerable, and all relevant aspects of the specifications including, for example, uplink power control would need to be addressed.
Considering question 4, either multiple RACH or calculated timing advance methods are likely to cause some work to need to be done in RAN4. For multiple RACH, RAN4 may need to specify RF requirements for simultaneous RACH on SCell and PUSCH, PUCCH or RACH transmission at PCell. For calculated timing advance there would need to be changes to the RRM requirements to add a different requirement for initial transmit timing on the SCell. Assuming method (b) is used, the requirements when TA commands are sent to adjust SCell timing could be largely copied from release 8. An RRM test case for initial transmission timing would also need to be developed. Our view is that the necessary RRM changes would be quite feasible to do in RAN4 for release 11. At any rate, technical considerations on the merits of the methods should be the primary consideration, and the workload in RAN4 should only be a secondary consideration when deciding which method to specify.
Based on these considerations, we provide a draft response to RAN2 in [10].
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1. Overall Description:


As part of the Rel-11 CA Enhancements work item, RAN2 is investigating how to implement control of UE timing advance in cases where a UE, configured for carrier aggregation, has cells that require uplink timing advance that is different from that for the PCell. The carrier aggregation scenarios 4 and 5 described in Annex J of 36.300 are example applications.


RAN2 is currently working on a solution that is similar to the method that is used for Rel-10 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 timing advance of SCells that do not have the same timing advance as the PCell based on the timing advance of the PCell and the downlink timing difference between the PCell and the SCell measured by the UE [1, 2]. 


Two possible variants of this method have been identified:-


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.


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.


RAN2 does not have the expertise to decide whether these timing difference based methods are viable alternatives to the RACH based method that RAN2 is already working on. RAN2 has identified the following issues where input from RAN1/4 is needed:-


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. 


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


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.  


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.


RAN2 kindly requests RAN1and RAN4 to answer the questions above and advise RAN2 of these, or any other issues that RAN2 should consider in their further work on multiple timing advance, to help RAN2 to decide on the viability and/ or suitability of the calculation-based methods described.





2. Actions:


To RAN1:


RAN2 kindly requests RAN1 to address questions 2, 3 and 4 above and comment on any other issues related to multiple timing advance that RAN2 may not have identified.


To RAN4:


RAN2 kindly requests RAN4 to address questions 1, 3 and 4 above and comment on any other issues related to multiple timing advance that RAN2 may not have identified.





8.4.2	PRACH detection requirements 


The probability of detection is the conditional probability of correct detection of the preamble when the signal is present. There are several error cases – detecting different preamble than the one that was sent, not detecting a preamble at all or correct preamble detection but with the wrong timing estimation. For AWGN, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 1.04us. For ETU70, a timing estimation error occurs if the estimation error of the timing of the strongest path is larger than 2.08us. The strongest path for the timing estimation error refers to the strongest path (i.e. average of the delay of all paths having the same highest gain = 310ns for ETU) in the power delay profile.


The test preambles for normal mode are listed in table A.6-1 and the test preambles for high speed mode are listed in A.6-2.








6.5.3.1	Minimum Requirement


For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.


For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 130 ns.


For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 1.3 μs.
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