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1. Introduction

In previous RAN4 meeting, maximum uplink transmission timing difference in DC enhancement was discussed widely. The agreements are summarized as follow:
The maximum uplink transmission timing difference for dual connectivity synchronous scenario is 35.21µs.
The maximum uplink transmission timing difference for dual connectivity asynchronous scenario for FDD-FDD deployment is 500µs.
Another issue needs to be discussed besides the maximum value is about UE behaviour when the maximum uplink transmission timing difference is exceeded. Analysis and proposals would be provided in this contribution.
2. Discussion
Similar situation can be found when we discussed the requirements of maximum transmission timing difference in CA. As described in TS36.133 section 7.9, in CA scenario UE is allowed to stop transmission on the SCell if after timing adjusting due to received TA command the uplink transmission timing difference between PCell and SCell exceeds the maximum value the UE can handle.
It is nature to reuse the methodology when we discuss the similar issue in DC. The difference is that the UE behaviour when maximum uplink transmission timing difference exceeds mainly depends on UE capabilities. UE behaviour can be summarized as follow:

1) Behaviour for UE that can only support synchronous DC

The agreement on the maximum uplink transmission timing difference in DC for this type of UE was 35.21µs, including FDD-FDD, TDD-TDD and TDD-FDD deployment. It means that UE should not be required to be capable of handling any uplink transmission timing difference larger than 35.21µs. Thus UE is allowed to stop transmission on the PSCell in case of uplink timing error.

2) Behaviour for UE that can support both synchronous and asynchronous DC
From TS36.213 section 5.1.4 it can be found that:

if the UE supports synchronous dual connectivity but does not support asynchronous dual connectivity, or if the UE supports both synchronous dual connectivity and asynchronous dual connectivity and if the higher layer parameter powerControlMode indicates dual connectivity power control mode 1

-
if the maximum uplink timing difference between transmitted signals to different serving cells including serving cells belonging to different CGs is equal to or less than [image: image1.wmf]threshold
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 is 35.21µs. It can be observed that:

Observation 1: Dual connectivity power control mode 1 only apply for UE whose maximum uplink transmission timing difference between different serving cells belonging to different CGs is equal to of less than 35.21µs, regardless whether it can support asynchronous DC or not.
From the yellow highlight above we can observe that even if UE can support asynchronous DC, once the uplink transmission timing difference between CGs exceeds 35.21µs, UE should be allowed to stop transmission on SCG if it is configured with PCM1.

Here we propose:

Proposal 1: if the UE supports only synchronous DC, or if the UE supports both synchronous and asynchronous DC and if the higher layer parameter powerControlMode indicates dual connectivity power control mode 1, then UE may stop uplink transmission on SCG in case UL TX time difference between CGs exceeds 35.21µs.
The definition of sub-frame pair in DC was specified in TS36.101 section 6.2.5C, which was informatively provided as follow:

If the UE is configured in Dual Connectivity, the subframes in one CG that overlap with subframes in another CG in their respective slot 1 shall be paired together between CGs. 
Subframe pairs in asynchronous DC are illustrated in Figure 1 and 2. Note that the constitution of subframes pair is determined by uplink subframes.
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Figure 1
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Figure 2

From Figure 1 it can be observed that when the uplink transmission timing is less than 500µs, subframe n and m should be paired. In Figure 2, when the timing difference is larger than 500µs, subframe n+1 and m should be paired. Then the uplink transmission timing difference between MCG and SCG would be Tdiff_new=1ms-Tdiff, where Tdiff_new is less than 500µs. Thus, for UE that can support asynchronous DC and if it is configured with PCM2, the UE can continue the DC operation when the uplink transmission timing different between CGs exceeds 500µs. But UE has to constitute new subframes pair from MCG and SCG.
Proposal 2: if the UE supports both synchronous and asynchronous DC and if the higher layer parameter powerControlMode indicates dual connectivity power control mode 2, UE shall constitute new subframes pair if the uplink transmission timing difference exceeds 500µs.
3. Conclusions

In this contribution, we provide discussion on the UE behavior when the uplink transmission timing difference between CGs exceeds the maximum value. After discussion the following observation and proposals are provided:
Observation 1: Dual connectivity power control mode 1 only apply for UE whose maximum uplink transmission timing difference between different serving cells belonging to different CGs is equal to of less than 35.21µs, regardless whether it can support asynchronous DC or not.

Proposal 1: if the UE supports only synchronous DC, or if the UE supports both synchronous and asynchronous DC and if the higher layer parameter powerControlMode indicates dual connectivity power control mode 1, then UE may stop uplink transmission on SCG in case UL TX time difference between CGs exceeds 35.21µs.
Proposal 2: if the UE supports both synchronous and asynchronous DC and if the higher layer parameter powerControlMode indicates dual connectivity power control mode 2, UE shall constitute new subframes pair if the uplink transmission timing difference exceeds 500µs.
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