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1. Introduction
RAN4 has been discussing Dual connectivity, interrupts, interrupt lengths and UE power consumption now for a couple of meetings [10, 14, 15]. In this paper we will take a closer look at the interrupt lengths in connection with asynchronous Dual connectivity scenario. We will look at the different scenarios as discussed in the email discussion. Based on the discussion we conclude that although there are several undefined UE delays in the process it seems feasible to have a 1ms interrupt also for asynchronous DC.
2. Discussion
When discussing asynchronous dual connectivity one issue to consider when discussing interrupts is the interrupt length needed by some UEs. It has been discussed whether such interrupt would be of 1ms or 2ms. For CA and synchronous DC a 1ms interrupt has been agreed. Difference when discussing asynchronous DC is of the possible time misalignment between the PCell and PSCell – which can be up 500usec. 
Having a time difference of 500usec now introduces the uncertainty of whether one or two TTIs are interrupted when the PCell or PSCell transceiver chain state is changed. We have following basic cases to consider:

1) PCell transceiver chain state due to PCell DRX

2) PSCell transceiver chain state due to PSCell configuration

3) PSCell transceiver chain state due to PSCell de-configuration

4) PSCell transceiver chain state due to PSCell DRX

Each transceiver state change may potentially cause an interrupt on other transceiver chain if this is active. The interrupt for asynchronous case is illustrated in figure 1 below using the PSCell configuration as an example.
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Figure 1 Illustration if the interrupt for PSCell configuration in asyncronous DC.
As seen from the figure there is a certain time misalignment between the PCell and PSCell. UE receives the PSCell configuration through the PCell in TTI0 (green TTI) after which there is a given undefined UE processing time for processing the PSCell configuration. After the UE has processed the PSCell configuration the UE knows that it needs to activate the PSCell transceiver chain. This activation may cause disturbance on the active PCell transceiver causing an interrupt. The actual length of interrupt is undefined but is currently assumed to be 1TTI (blue TTI).
Based on above discussion it is seen that there are a couple of unknown parameters:
· Actual UE RRC processing delay

· Intra-UE processing delay

· Active transceiver disruption time

Despite these unknown delays which are related to UE implementation it is worth looking at the actual time when the transceiver chain state is changing. In Figure 1 it is assumed that the state change is done when the UE knows it has to activate the transceiver – independently of the already active transceiver timing.
In the actual implementation this may not need to be the case. This is illustrated in Figure 2.
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Figure 2 Illustration of added PSCell activation delay for reduced interupt impact
In Figure 2 the UE ensures that the transceiver activation time is aligned with the timing of the already active transceiver such that only 1TTI on the active transceiver chain is interrupted. This is done by delaying the activation by a time equal to the time offset between the two cells.
As such additional delay would at most be 500usec – which is maximum time difference between the two cells – the impact of such delay could be accounted in the PSCell activation delay.

In above discussion we have used the PSCell configuration as example but the general principle can be applied also for interrupts causes by either of the transceiver chains DRX state changes. Difference would be that instead of delaying the transceiver activation when the DRX state changes from inactive to active, the UE would activate the transceiver chain a bit earlier to align the timing with the already chain. For de-activation the same approach as for PSCell activation can be applied (by delaying the state change).
Based on the discussion here we see it feasible to limit the interrupts on the active transceiver chain due to activation or de-activation of other transceiver chain, to 1TTI interrupt length.

3. Conclusions

In this paper we looked closer at the interrupt lengths in connection with asynchronous Dual connectivity scenario. We looked at the different scenarios as discussed in the email discussion and based on the discussion we conclude, that although there are several undefined UE delays in the process, it seems feasible to have limit the interrupt also for asynchronous DC to 1ms.
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