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1 Introduction

Interruption requirements for dual connectivity were discussed for a few meetings without final agreements. Email discussion after RAN4#72bis was summarized in [1]. It seems the consensus can be reached on most of the issues. However, some open issues seem still more discussions. In the following, we present our view on the interruption requirements for unsynchronized dual connectivity.
2 Discussion
2.1 Interruption length for unsynchronized DC
For synchronized DC, the interruption length for PScell configuration/activation was agreed to be 1ms. For unsynchronized case, there are two opinions [1, 2]:
· Option 1: 2ms

· Option 2: 1ms
Option 1 of 2ms interruption is based mainly on the reasoning that the subframe boundaries between MeNB and SeNB for unsynchronized DC are not aligned. Thus, the 1ms configuration/activation in PScell may overlap two subframes in PCell, which in turn will cause interruptions on two subframes in PCell, as shown in Figure 1.
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Figure 1. Option 1: Interruption of 2ms on PCell
However, as pointed correctly in [2], if the action for PScell configuration/activation not randomly takes place, but aligned with the PCell subframe time, then the interruption on PCell will be limited to 1ms, which is the same as the case for the synchronized dual connectivity, as shown in Figure 2.
From UE implementation point of view, Option 2 should put not extra burden on the implementation. Instead, it allows the UE to have the same implementation of the PSCell activation for both synchronized and unsynchronized DC, since for synchronized DC, the start time for the PSCell activation has to be aligned with the PCell subframe boundary, since regardless whether the synchronized and unsynchronized DC, the subframe boundary for PScell is unknown at the time of the activation. 

Observation 1: The interruption on PCell can be limited to 1ms when PSCell activation time is aligned with PCell subframe boundary for unsynchronized DC. From UE point of view, this should not put extra burden on the implementation, since this should be the same implementation as the case for synchronized DC. 
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 Figure 2. Option 2: Interruption of 1ms on PCell
During the email discussion [1], there is a concern on if UE waits for the PCell subframe boundary to perform PSCell configuration activation action, the first DL subframe of the PSCell may sometimes be missed (see Figure 3). In this case, for TDD configuration 0, there is only 3 DL subframes are left for timing tracking/refinement during the remaining activation time. Thus 4 DL subframes for PSCell configuration/ activation could not be guaranteed [1].
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Figure 3. interruption is 1ms (copied from Figure 2 in [1])
It should be pointed out that this situation may happen regardless whether the PSCell activation time is aligned with PCell subframe boundary or not, since the UE does not know the subframe boundary of the PSCell at the activation. 
Observation 2: The chance of missing the first DL subframe of the PSCell for TDD system may always there, regardless whether the PSCell activation is aligned to PCell subframe boundary, since the PCell subframe boundary is unknown to then UE at the time to activate the PSCell.
The PSCell activation delay for synchronized DC can be defined to be the same as the SCell activation delay, because for both cases, the cells to be activated are time synchronized with the PCell. For unsynchronized DC, however, the PSCell is not time synchronized with the PCell. The maximum time difference will be up to the half-subframe between the PCell and PSCell. Thus, there is a need to clarify the PSCell activation delay is based on PCell subframe counts or based on PSCell subframe counts.
Observation 3: When defining the PSCell configuration/activation delay requirement, there is a need to clarify the delay is counted based on PCell subframe or based on PSCell subframe.
Based on above discussion, we like to propose follows: 
Proposal 1: The interruption length on PCell for the PSCell configuration/activation for unsynchronized DC is limited to 1ms, the same as synchronized DC.
Proposal 2: It needs to be clarified whether the PSCell configuration/activation delay for unsynchronized DC is based on PCell or PSCell subframe counts. 

Proposal 3: If PSCell configuration/activation delay for unsynchronized DC is based on PCell subframe count starting from the activation message is received, the PSCell configuration/activation delay can be 1ms longer than the cases for synchronized DC.  

Proposal 4: If PSCell configuration/activation delay for unsynchronized DC is based on PSCell time, the PSCell configuration/activation delay should be counted starting from the PSCell subframe immediately after the PCell subframe when the activation message is received.
3 Summary 

In this paper, we further discussed interruption requirements for dual connectivity. It is proposed that
Proposal 1: The interruption length on PCell for the PSCell configuration/activation for unsynchronized DC is limited to 1ms, the same as synchronized DC.
Proposal 2: It needs to be clarified whether the PSCell configuration/activation delay for unsynchronized DC is based on PCell or PSCell subframe counts. 

Proposal 3: If PSCell configuration/activation delay for unsynchronized DC is based on PCell subframe count starting from the activation message is received, the PSCell configuration/activation delay can be 1ms longer than the cases for synchronized DC.  

Proposal 4: If PSCell configuration/activation delay for unsynchronized DC is based on PSCell time, the PSCell configuration/activation delay should be counted starting from the PSCell subframe immediately after the PCell subframe when the activation message is received.
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