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1 Introduction
Agreements are drawn in RAN4#72 meeting [1],
	Agreements:

· In case of subframe level synchronized operation, the interruption from Pscell configuration/activation is 1ms.

· Interruption from Pscell in DRX case is FFS


In last RAN4#72bis meeting, interruptions in DC were discussed extensively, however no agreements were achieved.
We summarize the remaining issues need to be resolved as below:

(1) Interruptions in PSCell configuration/activation in unsynchronized case
(2) Interruptions in DRX cases
· Interruptions at transitions between active and non-active during DRX
-  Interruptions at transitions between DRX and non-DRX
In this contribution we provide our analysis on these issues and try to define the interruption requirements in DC.
2 Discussion                 
2.1 Interruptions at PSCell configuration/activation in unsynchronized case
The existing requirements for CA related to the interruptions on PCell and activation SCell if configured when its SCell is added, released, activated or deactivated and measurements are specified in section 7.8. In DC, no SCell related interruptions and only the interruption caused by PSCell configuration/activation shall be considered since it is agreed that 1CC/CG is considered in Rel-12.
Although inter-band deployment is considered in Rel-12 DC [2], single chipset implementation is not excluded. As we know with the single chipset implementation, the transient effects generated by PLLs and VCOs sharing the same power supply and non-ideal isolation will impact the receive signal and create interruptions [3]. The interruption is defined 1ms in CA scenario since the subframe boundary between PCell and SCell is aligned.  However in DC unsynchronised scenario, the interruption in PCell could be extended to 2ms since the subframe boundary is not aligned between MeNB and SeNB as shown in Figure.1.
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Figure 1. Interruption is 2ms at PSCell configuration/activation
In addition, generally interruption caused by PSCell configuration/activation is not frequent, so the performance degradation caused by the extended interruption length is not so outstanding.

So we propose that the interruption length for PSCell configuration/activation in unsynchronized case is up to 2ms.

Proposal1: The interruption length for PSCell configuration/activation in unsynchronized case is up to 2ms.
2.2 Interruptions in DRX cases

Before coming to the analysis on the interruptions in DRX cases, we first review the definition of DRX state specified in chapter 5 in TS 36.133.

	The state when no DRX is used is defined as follows:

· DRX parameters are not configured; or

· DRX parameters are configured and

·  drx-InactivityTimer is running; or

· drx-RetransmissionTimer is running; or

· mac-ContentionResolutionTimer is running; or
· a Scheduling Request sent on PUCCH is pending; or

· an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer; or

· a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received after successful reception of a Random Access Response for the explicitly signaled preamble (only applicable to UEs in RRC_CONNECTED).

Otherwise

· It is the state when DRX is used.
Note 2: Unless otherwise stated, the requirements in sections 5.1, 5.2.2.2, 5.2.2.3, 5.2.2.4, 5.3 and 5.4 are also applicable when a UE is configured with Scell(s).


In our understanding, the state shall be “when no DRX is used” when traffic is generated; otherwise the state is “when DRX is used” in RAN4 definition.

In DC, DRX can be configured separately on MeNB and SeNB, different DRX cycles may exist in MCG and SCG serving cells [4]. From UE side, multiple DRX states and multiple DRX configurations could exist. In case of single chipset implementation, DRX operation or DRX transitions in one serving cell (e.g., PCell /PSCell) would result in interruptions on other serving cell (e.g., PSCell/PCell). 
2.2.1 Interruptions at transitions between active and non-active during DRX
The interruptions result from the state switching of non-active to active and active to non-active in DRX operation. The following 3 cases need to be analyzed.

Case 1: MCG is in Non-DRX state, SCG is in DRX state
Case 2: MCG is in DRX state, SCG is in Non-DRX state
Case 3: Both MCG and SCG are in DRX state
· For case 1 and case 2(shown in Figure 2)
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Figure 2 Interruptions in case 1 and case 2
As we know UE has the exact subframe boundary timing difference between PCell and PSCell, so UE could switch DRX state (active and non-active) considering the timing of the other cells. Thus the interruption caused by transitions between active and non-active during DRX could be remained as 1ms as shown in Figure 3.
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Figure 3. Interruption is 1ms in case 1 and case 2
In addition recalling that the issue of UE transmit timing accuracy test cases in DRX mode was discussed in RAN4[5], RAN4 agrees that some practical UE implementations may start to acquire downlink timing during some period before the DRX on period. It means that UE could wake ahead and sleep lag. So the 1ms interruption in case1 and case2 is feasible.
Furthermore the transitions between active and non-active during DRX are probably frequent, so the smaller interruption length is expected.

Proposal 2: 
- In case 1, the interruptions on PCell due to transitions between active and non-active during PSCell DRX is up to 1ms for synchronized case and unsynchronized case.

- In case 2, the interruptions on PSCell due to transitions between active and non-active during PCell DRX is up to 1ms for synchronized case and unsynchronized case.
·  For case 3
Since PCell and PSCell are both in DRX states, it means there is no traffic on PCell and PSCell for transmission. So no interruption requirements need to be defined for case 3.

Proposal 3: Interruption requirements need not to be considered when both MCG and SCG are in DRX state.

The interruption length for different cases are analyzed as above, then the potential question is whether is it feasible that a percentage limit of the missed ACK/NACK alike in CA shall be defined. We think the network performance shall be guaranteed especially when the interruption occurrences during DRX are frequent. So we suggest that the missed ACK/NACK percentage requirements shall be introduced as defined in CA. The requirements could be defined as below,
· PCell interruptions due to transitions between active and non-active during DRX on PSCell when PCell is in non-DRX and PSCell is in DRX are allowed with up to [0.5%]probability of missed ACK/NACK when the configured PSCell DRX cycle is [640 ms] or longer.
· PSCell interruptions due to transitions between active and non-active during DRX on PCell when PSCell is in non-DRX and PCell is in DRX are allowed with up to [0.5%]probability of missed ACK/NACK when the configured PCell DRX cycle is [640 ms] or longer.

Proposal 4: Interruptions due to the transitions between active and non-active during DRX are allowed with up to [0.5%] probability of missed ACK/NACK when the configured DRX cycle is [640]ms or longer. 

2.2.2 Interruptions at transitions between DRX and non-DRX
When the UE transitions between DRX and non-DRX on one serving cell, the interruptions on other cell would occur when this cell is in non-DRX state, see an example as shown in below Figure 4.
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Figure 4. Transition between DRX and non-DRX

The interruption analysis resembles case1 and 2 as in section 2.2.1. So we propose that 
- The interruption on PCell when PSCell transitions between DRX and non-DRX is up to1ms 
- The interruption on PSCell when PCell transitions between DRX and non-DRX is up to1ms.

Proposal 5: The interruption during transitions between DRX and non-DRX is up to1ms for synchronized case and unsynchronized case.
3 Conclusions
In this contribution, we provide the further analysis on interruption requirements in DC. The proposals are shown as below,
Proposal1: The interruption length for PSCell configuration/activation in unsynchronized case is up to 2ms.
Proposal 2: 
- In case 1, the interruptions on PCell due to transitions between active and non-active during PSCell DRX is up to 1ms for synchronized case and unsynchronized case.

- In case 2, the interruptions on PSCell due to transitions between active and non-active during PCell DRX is up to 1ms for synchronized case and unsynchronized case.
Proposal 3: Interruption requirements need not to be considered when both MCG and SCG are in DRX state.

Proposal 4: Interruptions due to the transitions between active and non-active during DRX are allowed with up to [0.5%] probability of missed ACK/NACK when the configured DRX cycle is [640]ms or longer. 

Proposal 5: The interruption during transitions between DRX and non-DRX is up to 1ms for synchronized case and unsynchronized case.
The corresponding CR for interruption requirements are provided in [R4-147179].
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