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1. Introduction

The maximum uplink transmission timing difference requirements in dual connectivity has been discussed widely in previous RAN4 meetings. However the final consensus has not been reached yet since companies showed concerns on the time difference requirements of TDD-FDD synchronous mode deployment and the corresponding UE behavior when the maximum uplink transmission timing difference is exceeded. In this contribution, further discussion on the remaining issue would be provided.

2. Discussion
2.1. Maximum uplink transmission time difference
In this section, analysis on maximum uplink TX time difference would be presented.
The requirement of maximum UL TX time difference could be split into three parts:

1) Maximum uplink transmission timing difference for TDD-TDD and FDD-FDD synchronous mode of dual connectivity.

2) Maximum uplink transmission timing difference for FDD-FDD asynchronous mode of dual connectivity.

3) Maximum uplink transmission timing difference for TDD-FDD synchronous mode of dual connectivity.
For the first 1) case, the common understanding of the requirement has been reached in RAN4 #75 meeting in Fukuoka, which was given as:

· Factors involved for maximum UL TX time difference calculation for TDD-TDD and FDD-FDD sync DC:

· Factor (1): Propagation delay difference → 30μs

· Factor (2): Initial transmission timing error → ±24Ts
· Factor (3): Uncertainty of the reception time in the UE downlink → ±10Ts
· Factor (4): eNB time alignment error (TAE) → 3μs

· UL time difference between CGs: (1) + 2×[(2) + (3)] + (4) = 35.21μs
For the FDD-FDD asynchronous DC, it was proposed to reuse the methodology above with the exception that the total propagation delay and eNB time alignment error (factor 1 and 4 above) was changed to 500μs, i.e. 502.21μs. However, since there is no restriction that the uplink power control for asynchronous DC can only be performed in the pair of uplink subframes, anything more than 500μs would be meaningless. 

For TDD-FDD synchronous DC, another problem should be considered is about the TDD initial offset, i.e. 20μs of NTA offset. Here we have three options to address this problem:

Option 1: reduce the deployment distance between MeNB and SeNB.

Option 2: relax the maximum UL TX timing difference requirement for TDD-FDD synchronous mode of dual connectivity by 20μs compared with TDD-TDD and FDD-FDD synchronous mode, i.e. 55.21μs for TDD-FDD sync DC.

Option 3: align the FDD cell reception timing with the TDD cell, i.e. bias TA for all UEs within FDD cell by 20μs.

For option 1, it means that we could maintain the corresponding requirement of 35.21μs, which is the same as TDD-TDD and FDD-FDD synchronous mode DC. Thus the maximum propagation delay allowed will be decreased by 20μs. The consequence is that the maximum distance allowed between MeNB and SeNB will be shrunk (20μs corresponds to 6km propagation distance), which has negative impact on the practical deployment.
For option 2, it could avoid the reduction of the distance between MeNB and SeNB. However, UE is required to have the ability to deal with even longer transmission timing difference between CGs. This will introduce extra UE complexity and increase the cost.
For option 3, network can manage FDD cell’s UL TA with 20μs more advance compared to the TDD cell’s UL TA so that TX timing difference between TDD cell and FDD cell would not exceed 35.21μs.

Our preference is option 3, because it can avoid the restriction on the deployment without introducing any extra UE complexity. Besides, there maybe some other solutions to solve this problem and there is no need to capture the concrete solution in the spec. In a word, it is rational to keep the maximum UL TX time difference as 35.21μs for TDD-FDD synchronous mode DC.
Here we propose:

Proposal 1: The maximum uplink transmission timing difference for dual connectivity synchronous scenario for TDD-TDD, FDD-FDD and TDD-FDD deployments is 35.21us.

Proposal 2: The maximum uplink transmission timing difference for dual connectivity asynchronous scenario for FDD-FDD deployment is 500us.

2.2. Possible UE behaviour once the maximum UL TX timing difference is exceeded
Another issue has been widely discussed is about the UE behaviour when the maximum uplink transmission timing difference is exceeded. For simplification, we could divide the DC capable UE into two parts:

1) For UE that support asynchronous DC

2) For UE that only support synchronous DC

For the first case, if a UE support asynchronous DC, it shall be required to be able to support 500μs (according to proposal 2 above) uplink transmission timing difference between MCG and SCG. However, the actual timing difference between CGs would not be anything more than 500μs. Thus the problem regarding maximum timing difference excess would not exist for the UE that can support asynchronous DC.
For the second case, if a UE declares that it only supports synchronous DC, UE is not required to be able to support uplink transmission timing difference between CGs more than the maximum value as mentioned in proposal 1. A solution straight forward is that UE is allowed to stop uplink transmission on SCG when the maximum uplink transmission timing difference is exceeded. A fundamental expectation is that UE should stay in “DC mode” if possible. Thus once network becomes aware of this error case, it is expected that network would change the SCG for UE. Otherwise there would not be dual connectivity any more for the UE if the error case happens. 

However, here comes the concern that whether network could always be aware of this in time. As pointed in [1][2] that E-UTRAN user plane for dual connectivity is defined in TS36.300, which is informatively provided as:

Different bearer options can be configured with different user plane architectures. U-plane connectivity depends on the bearer option configured:

-
For MCG bearers, the S1-U connection for the corresponding bearer(s) to the S-GW is terminated in the MeNB. The SeNB is not involved in the transport of user plane data for this type of bearer(s) over the Uu.

-
For split bearers, the S1-U connection to the S-GW is terminated in the MeNB. PDCP data is transferred between the MeNB and the SeNB via X2-U. The SeNB and MeNB are involved in transmitting data of this bearer type over the Uu.

-
For SCG bearers, the SeNB is directly connected with the S-GW via S1-U. The MeNB is not involved in the transport of user plane data for this type of bearer(s) over the Uu.
For the last case, the MeNB is not involved in the transport of user plane over the Uu. This means the communication between UE and SeNB is independent. The consequence is that if UE stops the uplink transmission on SCG, MeNB would not have this knowledge. On the other hand, UE would not trigger SCGFailureInformation due to the uplink transmission timing error. Informatively, SCGFailureInformation message from TS36.331 is given as follow:

SCGFailureInformation-r12 ::=

SEQUENCE {

criticalExtensions




CHOICE {



c1








CHOICE {




scgFailureInformation-r12


SCGFailureInformation-r12-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

SCGFailureInformation-r12-IEs ::=
SEQUENCE {


failureReportSCG-r12



FailureReportSCG-r12 


OPTIONAL,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

FailureReportSCG-r12 ::= 


SEQUENCE {


failureType-r12





ENUMERATED {t313-Expiry, randomAccessProblem,













rlc-MaxNumRetx, scg-ChangeFailure },

measResultServFreqList-r12


MeasResultServFreqList-r10

OPTIONAL,

measResultNeighCells-r12


MeasResultList2EUTRA-r9


OPTIONAL,

...
}
-- ASN1STOP

From the yellow highlight it could be found that the error case regarding uplink transmission timing difference is not included in failure type. 

Thus, the MeNB would not be able to change SCG (SeNB) for the UE in time. UE may fallback to “non-DC mode” and degradation could be foreseen. In this situation, the consequence by stopping transmission on SeNB is not predictable.
One of the possible solutions to address this issue is that for UE only support synchronous dual connectivity, once the uplink transmission timing difference between CGs exceeds the maximum value proposed in proposal 1, UE shall inform network with the expectation that network would change the SCG. If so, network would have this knowledge in time regardless what kind of the bearer configuration is. However, this decision cannot be solely done by RAN4 but consultation with RAN2. It is up to RAN2 to decide the details of the signalling.
So we propose:

Proposal 3: LS to RAN2 to ask for feasibility of the signalling from UE to E-UTRAN once the maximum UL TX time difference between CGs is exceeded.
3. Conclusions

In this contribution, we provide further discussion on the maximum uplink transmission timing difference in dual connectivity and the possible UE behavior after exceeding the maximum value. After discussion, the following proposals are given:
Proposal 1: The maximum uplink transmission timing difference for dual connectivity synchronous scenario for TDD-TDD, FDD-FDD and TDD-FDD deployments is 35.21us.

Proposal 2: The maximum uplink transmission timing difference for dual connectivity asynchronous scenario for FDD-FDD deployment is 500us.

Proposal 3: LS to RAN2 to ask for feasibility of the signalling from UE to E-UTRAN once the maximum UL TX time difference between CGs is exceeded.
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