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1 Background
The TP adds text regarding TAE for FR1 conducted.
2 Discussion
TAE requirements for CA is generally discussed and set as a requirement isolated at the base station while it is the TAE at the UE that matters (generally referred as MRTD). This can lead to wrong or unbalanced requirements. 

The maximum allowed TAE at the UE depends of implementation choices and potential design restrictions within the UE, so this is not a single fixed figure.

The TAE:

· The relative synchronization error between the transmission points involved in the CA service (ΔTsync) 

· The differences in signal arrival time at the UE due to difference in propagation distance between the transmission point and the UE (ΔTprop) which depends on actual deployment scenario and UE relative position.
Observation 1: Discussing CA TAE requirements isolated at the base station can lead to wrong or unbalanced requirements, it is not the TAE at the base station that matters, it is the TAE at the UE (MRTD) that matters.

Observation 2: The TAE at the UE (MRTD) depends of synchronization error between transmission points ΔTsync and differences in propagation time from the transmission points (ΔTprop).
 2.1 UE implementation  
As stated above the maximum allowed timing difference at the UE depends on actual UE implementation.

For CA the UE can be implemented with independent receiver paths for the CCs as shown to the left in Figure 1 below or with some common part resulting in dependencies between the paths. 
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Figure 1 UE implementation

Different receiver architectures were already highlighted in LTE [1] where two types of receiver options option A and B are described, see Figure 2.
[image: image2.png]Table 5.3.3-1: Possible UE Architecture for the three aggregation scenarios

Rx Characteristics
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(cQ) (cc)
Single (RF + FFT +
A baseband) with Yes
BW>20MHz
Multiple (RF + FFT +
B baseband) with Yes Yes Yes
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Option A

- UE may adopt a single wideband-capable (i.e., >20MHz) RF front end (i.e., mixer, AGC, ADC) and a single
FFT, or alternatively multiple "legacy" RF front ends (<=20MHz) and FFT engines. The choice between single
or multiple transceivers comes down to the comparison of power consumption, cost, size, and flexibility to

support other aggregation types.

Option B

- In this case, using a single wideband-capable RF front end is undesirable in the case of Intra band non
contiguous CC due to the unknown nature of the signal on the "unusable" portion of the band. In the case non

adjacent Inter separate RF front end are necessary





Figure 2 LTE CA receiver options
As can be seen receiver option B is more flexible to support different CA types since introduces less dependencies between the CC. 

Receiver option A with a single wide band receiver and FFT also requires strict timing requirements that relates to a fraction of the CP. As shown in the Figure 2 option A only supports intra band contiguous CA and it would generally be intra band contiguous that might be implemented with strict timing dependencies. As an example, CA between NR sub 6GHz and NR >24GHz high BW system would likely be implemented as separate receiver paths without any strict dependencies since very different receiver characteristics.
Similar for the transmitter, the UE can be implemented with independent paths or dependent paths as also shown in [1]. 

It is also important that CA now is a mature implemented technology in LTE and much knowledge have been gain over the years, potential implementation UE restrictions in the early days when introducing CA might not be applicable anymore and therefore not necessarily inherited as restrictions also in NR. 

Observation 3: Implementation assumptions about the UE must be made to understand its MRTD requirements and UEs can be implemented without any strict dependencies (i.e. no strict requirement for MRTD) which would give better service availability.

2.2   Deployment scenarios
As stated in the beginning the TAE at the UE depends of the differences in signal arrival time at the UE due to difference in distance between the transmission point and the UE (ΔTprop) which depends of the deployment scenarios as shown in Figure 3.
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Figure 3 Deployment scenarios
To the left in Figure 3 an intra base station deployment is shown and this is normally where the strict base station synchronization requirements can be met since close to a common timing source.

300m corresponds to approximately 1us RF propagation delay, as shown in the right part of Figure 3 a separation of the base station transmission points (different Radio Units connected to a common Digital Unit) will give a difference in signal arrival time at the UE. 
In addition, dependent radio channel condition (depends on frequency bands and environment) there will also be a ΔTchannel component that adds to the total TAE at the UE. 
This means that potential UE architecture requirements specified as a fraction of the CP e.g. based on a common FFT and will be intra site with co-located antenna transmission points.

It is also worth noting, separating the transmission points will put strict requirements on the interfaces towards a common aggregation node at the MAC layer.  

Observation 4: To allow for distributed and separated transmission points in CA (e.g. heterogenous deployments with different Radio Units connected to a common Digital Unit) the UE cannot be designed to have strict TAE requirement since ΔTprop quickly will be the dominating part of the complete TAE budget. It is either not desirable to only allow for short ΔTprop since it will seriously limit the availability of the service and where it can be provided.

2.3 Intra band contiguous CA 

To understand requirements for NR it is beneficial to first understand existing requirements in LTE since there will be dependencies in various forms.
If we then consider the intra band contiguous CA in LTE with a TAE requirement of 130ns at the UE, it is then clear that this can only be met as an intra base station requirement with the transmission points close to each other. This since a propagation difference of 39m would correspond to a ΔTprop =130ns (leaving unrealistically ΔTsync = ΔTchannel =0ns) or making the service unpractical since limit it to certain small areas where symmetric propagation delays are fulfilled. 
The 130 ns LTE intra band contiguous CA requirement is strict and only ~ 2.5% of the LTE CP.  Compared to CoMP and MBSFN the CA requirement is much stricter, hence it should not be used unconditionally as a base for scaling NR without new simulations, as an example keeping 130ns would still only correspond to ~10% of the CP for 60kHz numerology and 20% for the 120kHz numerology.  
The main technical motivation for strict TAE requirements in NR would be the possibility to use a single FFT in the UE, that is Option A in Figure 2. However, as we will see in subsequent sections, 2.4 and 2.5, CA non-contiguous intra band and CA inter band have allowed non-colocated Radio Units with a ΔTprop requirement of 30 µs for the relative time of arrival difference for LTE. It is fair to assume that NR CA non-contiguous intra band and NR CA inter band will have similar requirements, to allow non-colocated Radio Units connected to a common gNB Base Band Unit. This will drive UE architecture B with multiple FFT to be implemented for NR CA non-contiguous intra band and NR CA inter band.  The same thing can be said about Dual Connectivity (DC) feature. DC is non-colocated for most cases and has to handle different SCS between carriers. The non-colocated nature of DC feature as well as the need to support different SCS for different carriers drives the need to have separate FFT in UE implemented. One may conclude that multiple FFT will be implemented for other CA variants (non-contiguous intra band and inter band) and other features (DC). A UE architecture B with multiple FFT also for contiguous NR CA would also be more flexible when it comes to different SCS for NR contiguously aggregated carriers, in case of different latency needs or different BWP. TAE requirements can be relaxed for the case of separate FFT in UE.
Observation 5: Existing LTE intra band contiguous CA TAE requirement of 130 ns is an intra base station requirement. 

Observation 6: The LTE 130 ns intra band contiguous CA requirement is very strict since only ~ 2.5% of the CP.  It should not just be used unconditionally as a base for scaling NR without new simulations proving actual need, as an example keeping 130ns would still only correspond to ~10% of the CP for 60kHz numerology and 20% for the 120kHz numerology  
Observation 7: Main motivation for strict TAE is the possibility to use common FFT, but that multiple FFT will be implemented for other CA variants (non-contiguous intra band and inter band) and other features (DC). TAE requirements can be relaxed for the case of separate FFT in UE.

2.4 Intra band non-contiguous CA
From [2] existing relative base station synchronization requirement is 260ns however in [3] the TAE requirements at the UE receiver is 30.260 us. The chosen 30 us is dedicated for the ΔTprop and corresponds to a relative difference of 9km from the transmission points, and then it does not relate to the CP. The requirements require an ideal interface towards common aggregation node.
The 260ns of the total 30.26us corresponds to only 0.85% and cannot be considered as a well-balanced requirement.
Marginally increasing the TAE error at the UE e.g. to 33us (i.e. same as for DC) would allow for a less strict synchronization requirement (Tsync=3us) and hence allow for more flexible deployments. Alternative keeping the UE 30.26us TAE requirement and decreasing the relative propagation difference to 8.2km instead of 9km would also allow for Tsync = 3us. 
Worth noting, intra band between two > 24GHz systems with its smaller cell sizes, a need for 9km propagation difference would not be reasonable. 
Observation 8: The condition with a max propagation difference ≤ 9km will not be needed for e.g. intra band CA >24GHz.
2.5 Inter band CA

From [2] the existing relative base station synchronization requirement is 260ns however in [3] the TAE requirements at the UE receiver is 30.260 us and hence same as for intra band non-contiguous CA and everything valid in previous section are also valid here. 

3GPP 36.300 Annex J contains CA deployment scenarios.

Observation 9: For both intra non-contiguous and inter band CA the base station LTE requirement of 260 ns is not a well-balanced requirement since only ~0.85% of total budget.

Observation 10: For both intra and inter band non-contiguous CA, marginally increasing the LTE MRTD error at the UE would allow for a less strict synchronization requirement or allocating slightly reduced max propagation difference would reduce the synchronization requirement and allow for more flexible deployments.
2.6 Other dependencies 
There could be other intra/inter RAT dependencies and e.g. for CA sometimes minimizing overhead for UE measurement gaps is mentioned. However, for that specific scenario it can be show that e.g. using 33us instead of specified 30.26us would have a very small impact.

Even if an early NR design principle has been to avoid strict timing relations, potential cross dependencies must be analyzed to get the complete picture of potential timing dependencies.
Observation 11: For a full analysis, potential new NR inter/intra RAT CC cross dependencies must be analyzed to get the complete picture of potential timing dependencies. 
3 Summary
Requirements for TAE cannot be set isolated at the base stations since will lead to wrong or unbalanced requirements as sometimes seen in the past. The TAE at the base station is just one part of a total budget while in the end, it is the MRTD at the UE that matters.  Different UE architectures options will impose different requirements.
If requirements at the UE are set too strict it will reduce deployment flexibility, limit area where the UE can be served (small ΔTprop) and drive cost for synchronization. 

Main motivation for strict TAE is the possibility to use common FFT, but that multiple FFT will be implemented for other CA variants (non-contiguous intra band and interband) and other features (DC). TAE requirements can be relaxed for the case of separate FFT in UE.

4 Proposal

It is proposed that the attached text proposal is included in TR 38.817-02.
=================================== start of TP ==========================================
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
Recommendation ITU-R M.1036-5 (10/2015), “Frequency arrangements for implementation of the terrestrial component of International Mobile Telecommunications (IMT) in the bands identified for IMT in the Radio Regulations (RR)”.
[3]
3GPP TS 38.104: “NR; Base Station (BS) radio transmission and reception”.
[4]
ITU-R Recommendation SM.329: "Unwanted emissions in the spurious domain".
[5]
ITU-R Recommendation SM.328: "Spectra and bandwidth of emissions".
[6]
3GPP TS 36.104: “Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception”.
[7]
3GPP TS 37.105: “Active Antenna System (AAS) Base Station (BS) transmission and reception”.
[8]
3GPP TR 37.842: “
Evolved Universal Terrestrial Radio Access (E-UTRA) and Universal Terrestrial Radio Access (UTRA; Radio Frequency (RF) requirement background for Active Antenna System (AAS) Base Station (BS)”.

[9]
3GPP TR 37.843: “Radio Frequency (RF) requirement background for Active Antenna System (AAS) Base Station (BS) radiated requirements”.

[10]
R4-1700305, "LS on Characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz".
[11]
Code of Federal Regulations, Title 47, Part 30.203, Upper Microwave Flexible Use Service; Emission limits, Federal Communications Commission.
[12]
Recommendation ITU-R M.1545: "Measurement uncertainty as it applies to test limits for the terrestrial component of International Mobile Telecommunications-2000".

[13]
3GPP TS 38.141: “NR; Base Station (BS) conformance testing”. 

[14]
ETSI EN 301 489: “Electromagnetic compatibility and Radio spectrum Matters (ERM); ElectroMagnetic Compatibility (EMC) standard for radio equipment and services”.

[15]
3GPP TS 38.113: “NR; Base Station (BS) and repeater ElectroMagnetic Compatibility (EMC)”.

[16]
3GPP TS 37.114: “Active Antenna System (AAS) Base Station (BS) Electromagnetic Compatibility (EMC)”.

[17]
3GPP TS 38.141-1: "NR; Base Station (BS) conformance testing; Part 1: Conducted conformance testing".

[18]
3GPP TS 38.141-2: "NR; Base Station (BS) conformance testing; Part 2: Radiated conformance testing".

[19]
3GPP TS 37.104: “E-UTRA, UTRA and GSM/EDGE; Multi-Standard Radio (MSR) Base Station (BS) radio transmission and reception”.
[20]
3GPP TS 38.817-02: “NR; General aspects for UE RF for NR”.

[21]
3GPP TR 36.815, Further Advancements for E-UTRA; LTE-Advanced feasibility studies in RAN WG4 

[22]
3GPP TS 36.133, Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management
------------------------------ Next modified section ------------------------------
6.5
Transmitted signal quality

6.5.3

Time alignment error
Frames of NR signals present at antenna connectors (for 1-C type NR BS), or at TAB connectors (for 1-H type NR BS) are not perfectly aligned in time. In relation to each other, the RF signals present at the BS transmitter antenna port(s) or at the transceiver array boundary may experience certain timing differences. 

For a specific set of NR signals/transmitter configurations/transmission modes, the conducted Time Alignment Error (TAE) is defined as the largest allowed timing difference (i.e. error) between two different reference signals belonging to different antenna connectors (for 1-C type NR BS), or TAB connectors (for 1-H type NR BS). 

TAE is only applicable for NR BS transmitting from multiple antennas via transmit diversity, MIMO, CA, or some combinations of these three. 
The minimum requirement for conducted TAE requirement in FR1 shall not exceed the specified minimum requirements below: 

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

In case of 1-H type NR BS the number of TAB connectors could be large. Therefore, a concept for reducing number of test combinations was introduced in TS 37.105 [7]. In TAE requirement for AAS BS is designed as: 

The TAE between any two TAB connectors from different transmitter groups shall not exceed the specified minimum requirements above, where transmitter groups are associated with the TAB connectors in the transceiver unit array corresponding to TX diversity, MIMO transmission, CA, etc.
6.5.3.1 
Carrier aggregation

TAE requirements for CA is generally discussed and set as a requirement isolated at the base station while it is the TAE at the UE that matters (generally referred as MRTD). This can lead to wrong or unbalanced requirements. 

The maximum allowed TAE at the UE depends of implementation choices and potential design restrictions within the UE, so this is not a single fixed figure.

The TAE:

· The relative synchronization error between the transmission points involved in the CA service (ΔTsync) 

· The differences in signal arrival time at the UE due to difference in propagation distance between the transmission point and the UE (ΔTprop) which depends on actual deployment scenario and UE relative position.

Observation 1: Discussing CA TAE requirements isolated at the base station can lead to wrong or unbalanced requirements, it is not the TAE at the base station that matters, it is the TAE at the UE (MRTD) that matters.

Observation 2: The TAE at the UE (MRTD) depends of synchronization error between transmission points ΔTsync and differences in propagation time from the transmission points (ΔTprop).

6.5.3.1.1 UE implementation  

As stated above the maximum allowed timing difference at the UE depends on actual UE implementation.

For CA the UE can be implemented with independent receiver paths for the CCs as shown to the left in Figure 6.5.3.1.1-1 below or with some common part resulting in dependencies between the paths. 


[image: image4]
Figure 6.5.3.1.1-1 UE implementation

Different receiver architectures were already highlighted in LTE [21] where two types of receiver options option A and B are described, see Figure 6.5.3.1.1-2.

[image: image5.png]Table 5.3.3-1: Possible UE Architecture for the three aggregation scenarios

Rx Characteristics
Intra Band aggregation Inter Band
. aggregation
Option D:;‘;]'}'tzt;::rgx Contiguous Non Non
(cc) contiguous contiguous
(cQ) (cc)
Single (RF + FFT +
A baseband) with Yes
BW>20MHz
Multiple (RF + FFT +
B baseband) with Yes Yes Yes
BW=20MHz

Option A

- UE may adopt a single wideband-capable (i.e., >20MHz) RF front end (i.e., mixer, AGC, ADC) and a single
FFT, or alternatively multiple "legacy" RF front ends (<=20MHz) and FFT engines. The choice between single
or multiple transceivers comes down to the comparison of power consumption, cost, size, and flexibility to

support other aggregation types.

Option B

- In this case, using a single wideband-capable RF front end is undesirable in the case of Intra band non
contiguous CC due to the unknown nature of the signal on the "unusable" portion of the band. In the case non

adjacent Inter separate RF front end are necessary





Figure 6.5.3.1.1-2 LTE CA receiver options

As can be seen receiver option B is more flexible to support different CA types since introduces less dependencies between the CC. 

Receiver option A with a single wide band receiver and FFT also requires strict timing requirements that relates to a fraction of the CP. As shown in the Figure 6.5.3.1.1-2, option A only supports intra band contiguous CA and it would generally be intra band contiguous that might be implemented with strict timing dependencies. As an example, CA between NR sub 6GHz and NR >24GHz high BW system would likely be implemented as separate receiver paths without any strict dependencies since very different receiver characteristics.

Similar for the transmitter, the UE can be implemented with independent paths or dependent paths as also shown in [21]. 

It is also important that CA now is a mature implemented technology in LTE and much knowledge have been gain over the years, potential UE implementation restrictions in the early days when introducing CA might not be applicable anymore and therefore not necessarily inherited as restrictions also in NR. 

Observation 3: Implementation assumptions about the UE must be made to understand its MRTD requirements and UEs can be implemented without any strict dependencies (i.e. no strict requirement for MRTD) which would give better service availability.

6.5.3.1.2 Deployment scenarios

As stated in the beginning the TAE at the UE depends of the differences in signal arrival time at the UE due to difference in distance between the transmission point and the UE (ΔTprop) which depends of the deployment scenarios as shown in Figure 6.5.3.1.2-1.
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Figure 6.5.3.1.2-1 Deployment scenarios

To the left in Figure 6.5.3.1.2-1 an intra base station deployment is shown and this is normally where the strict base station synchronization requirements can be met since close to a common timing source.

300m corresponds to approximately 1us RF propagation delay, as shown in the right part of Figure 6.5.3.1.2-1 a separation of the base station transmission points (different Radio Units connected to a common Digital Unit) will give a difference in signal arrival time at the UE.

In addition, dependent radio channel condition (depends on frequency bands and environment) there will also be a ΔTchannel component that adds to the total TAE at the UE. 

This means that potential UE architecture requirements specified as a fraction of the CP e.g. based on a common FFT and will be intra site with co-located antenna transmission points. It is also worth noting, separating the transmission points will put strict requirements on the interfaces towards a common aggregation node at the MAC layer.  

Observation 4: To allow for distributed and separated transmission points in CA (e.g. heterogenous deployments with (different Radio Units connected to a common Digital Unit) the UE cannot be designed to have strict TAE requirement since ΔTprop quickly will be the dominating part of the complete TAE budget. It is either not desirable to only allow for short ΔTprop since it will seriously limit the availability of the service and where it can be provided.

6.5.3.1.3 Intra band contiguous CA 

To understand requirements for NR it is beneficial to first understand existing requirements in LTE since there will be dependencies in various forms.

If we then consider the intra band contiguous CA in LTE with a TAE requirement of 130ns at the UE, it is then clear that this can only be met as an intra base station requirement with the transmission points close to each other. This since a propagation difference of 39m would correspond to a ΔTprop =130ns (leaving unrealistically ΔTsync = ΔTchannel =0ns) or making the service unpractical since limit it to certain small areas where symmetric propagation delays are fulfilled. 

The 130 ns LTE intra band contiguous CA requirement is strict and only ~ 2.5% of the LTE CP.  Compared to CoMP and MBSFN the CA requirement is much stricter, hence it should not be used unconditionally as a base for scaling NR without new simulations, as an example keeping 130ns would still only correspond to ~10% of the CP for 60kHz numerology and 20% for the 120kHz numerology.  

The main technical motivation for strict TAE requirements in NR would be the possibility to use a single FFT in the UE, that is Option A in Figure 6.5.3.1.1-2. However, as we will see in subsequent sections, 2.4 and 2.5, CA non-contiguous intra band and CA inter band has allowed non-colocated Radio Units with a ΔTprop requirement of 30 µs for the relative time of arrival difference for LTE. It is fair to assume that NR CA non-contiguous intra band and NR CA inter band will have similar requirements, to allow non-colocated Radio Units connected to a common gNB Base Band Unit. This will drive UE architecture B with multiple FFT to be implemented for NR CA non-contiguous intra band and NR CA inter band.  The same thing can be said about Dual Connectivity (DC) feature. DC is non-colocated for most cases and has to handle different SCS between carriers. The non-colocated nature of DC feature as well as the need to support different SCS for different carriers drives the need to have separate FFT in UE implemented. One may conclude that multiple FFT will be implemented for other CA variants (non-contiguous intra band and interband) and other features (DC). A UE architecture B with multiple FFT also for contiguous NR CA would also be more flexible when it comes to different SCS for NR contiguously aggregated carriers, in case of different latency needs or different BWP TAE requirements can be relaxed for the case of separate FFT in UE.

Observation 5: Existing LTE intra band contiguous CA TAE requirement of 130 ns is an intra base station requirement. 

Observation 6: The LTE 130 ns intra band contiguous CA requirement is very strict since only ~ 2.5% of the CP.  It should not just be used unconditionally as a base for scaling NR without new simulations proving actual need, as an example keeping 130ns would still only correspond to ~10% of the CP for 60kHz numerology and 20% for the 120kHz numerology  
Observation 7: Main motivation for strict TAE is the possibility to use common FFT, but that multiple FFT will be implemented for other CA variants (non-contiguous intra band and interband) and other features (DC). TAE requirements can be relaxed for the case of separate FFT in UE.
6.5.3.1.4 Intra band non-contiguous CA

From [21] existing relative base station synchronization requirement is 260 ns however in [22] the TAE requirements at the UE receiver is 30.260 us. The chosen 30 us is dedicated for the ΔTprop and corresponds to a relative difference of 9km from the transmission points, and then it does not relate to the CP. The requirements require an ideal interface towards common aggregation node.

The 260ns of the total 30.26us corresponds to only 0.85% and cannot be considered as a well-balanced requirement.

Marginally increasing the TAE error at the UE e.g. to 33us (i.e. same as for DC) would allow for a less strict synchronization requirement (Tsync=3us) and hence allow for more flexible deployments. Alternative keeping the UE 30.26us TAE requirement and decreasing the relative propagation difference to 8.2km instead of 9km would also allow for Tsync = 3us. 

Worth noting, intra band between two > 24GHz systems with its smaller cell sizes, a need for 9km propagation difference would not be reasonable.
Observation 8: The condition with a max propagation difference ≤ 9km will not be needed for e.g. intra band CA >24GHz.
6.5.3.1.5 Inter band CA

From [3] the existing relative base station synchronization requirement is 260ns however in [22] the TAE requirements at the UE receiver is 30.260 us and hence same as for intra band non-contiguous CA and everything valid in previous section are also valid here. 

3GPP 36.300 Annex J contains CA deployment scenarios.

Observation 9: For both intra non-contiguous and inter band CA the base station LTE requirement of 260 ns is not a well-balanced requirement since only ~0.85% of total budget.

Observation 10: For both intra and inter band non-contiguous CA, marginally increasing the LTE MRTD error at the UE would allow for a less strict synchronization requirement or allocating slightly reduced max propagation difference would reduce the synchronization requirement and allow for more flexible deployments.
6.5.3.1.6 Other dependencies 

There could be other intra/inter RAT dependencies and e.g. for CA sometimes minimizing overhead for UE measurement gaps is mentioned. However, for that specific scenario it can be show that e.g. using 33us instead of specified 30.26us would have a very small impact.

Even if an early NR design principle has been to avoid strict timing relations, potential cross dependencies must be analyzed to get the complete picture of potential timing dependencies.
Observation 11: For a full analysis, potential new NR inter/intra RAT CC cross dependencies must be analyzed to get the complete picture of potential timing dependencies. 
6.5.3.1.7 conclusion

Requirements for TAE cannot be set isolated at the base stations since will lead to wrong or unbalanced requirements as sometimes seen in the past. The TAE at the base station is just one part of a total budget while in the end, it is the MRTD at the UE that matters.  Different UE architectures options will impose different requirements.

If requirements at the UE are set too strict it will reduce deployment flexibility, limit area where the UE can be served (small ΔTprop) and drive cost for synchronization. 

Main motivation for strict TAE is the possibility to use common FFT, but that multiple FFT will be implemented for other CA variants (non-contiguous intra band and inter band) and other features (DC). TAE requirements can be relaxed for the case of separate FFT in UE.

=================================== end of TP ==========================================
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