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1. Introduction
RRM Requirements for dual connectivity were discussed during previous RAN4 meetings. Dual connectivity operation has some similarities to carrier aggregation, especially in the RF implementation. As such, interruptions caused by the reconfiguration of RF circuits to different frequencies or change of state(on/off) will also occur. During RAN4#72 several issues related to interruptions such as interruption length and time they occur were briefly discussed without any conclusions.
In this paper we present our view on this issues.
2. Discussion

Similarly to the case of carrier aggregation, interruptions can occur when the operating frequencies of RF circuits have to be changed or when an RF chains is turned on/off if not enough isolation is achieved. 

 Based on the discussion in the previous meetings, the interruptions can happen at the following events:

· PSCell configuration/addition

· PCell/PSCell on/off transitions that can happen during DRX operation or at the beginning/end of DRX operation  
Furthermore, there was also no agreement on whether the interruptions for the async case should be 1ms or up to 2ms [1].  We would like to point out that a 1ms interruption in the asynchronous assumes a very tight time control between the carrier groups(controlling the hardware of one carrier based on the timing of another carrier) which is not trivial to implement. Furthermore, the timing between the carriers is constantly changing making this kind of implementation even more complicated. As such, we propose to allow interruptions up to 2ms for the case of async DC.
Proposal 1. Allow interruptions up to 2ms for asynchronous DC operation.

For DRX operation multiple cases should be considered as shown below. We would like to emphasize that DRX operation is designed specifically to enable power savings. As such, if not enough interruptions are allowed to achieve significant power consumption gains, the feature does not serve its purpose and becomes useless.

Observation 1: If not enough interruptions are allowed to enable significant power consumption gains, DRX does not serve its purpose and becomes useless.
Cases for DRX operation: 
1. Both carrier groups are in DRX
2. One carrier group is in DRX and the other is in non-DRX
For case 1, we propose not to allow any interruption during the DRX on duration.

Proposal 2. Do not allow any interruption during the DRX on duration.

For case 2, a proposal to allow 0.5% interruptions only when the DRX cycle is longer than 640ms was presented in [2]. We would like to point that no technical justification was given to the choice of DRX cycle or the interruption percentage. For measurements on deactivated SCC interruptions were initially allowed for measurement cycles of 640ms or longer so this seems to be the basis for the choice of DRX cycle length. We would like to point out that there is a major difference between measurements and DRX operation. The implementation of measurements(the time the UE takes the measurement samples and the periodicity) is only bound by meeting the accuracy requirements and the UE does not necessarily have to take samples exactly at an interval equal to the configure measurement cycles. Hence, the UE can achieve some significant power savings if the implementation can strike a good balance between time diversity and sampling timing. For DRX operation the moments that the UE has to wake up are fixed and hence, the power consumption will be different for the same cycle length and interruption percentage.

For each DRX on period the UE would have to cause 2 interruptions, with each interruption accounting for 2 missed ACK/NAKs [3]. Therefore, for the proposal listed above, in order for the UE to be able to turn off the RF circuits between every DRX on period, an interruption percentage of 0.625% should be allowed. In Table 1 the interruption percentage needed for different DRX periods is shown together with the power consumption dependency on the percentage of allowed interruption. It is assumed that the UE keeps the RF circuits on for one additional subframe before and after each on Duration (for example, for 40/2 the UE RF is on 4ms during the DRX cycle). The table shows the power increase in number of times compared to the case when the UE would have to keep the RF circuit on only during the on Duration and the 2 additional subframes mentioned above(For 40/2 it is assumed that power consumption is 1 if UE RF circuit is on 4ms out of 40). Only the RF power consumption is considered as the baseband power consumption of channel estimation and PDCCH decoding is negligible compared to the RF circuit power consumption.
	DRX cycle length
	40
	160
	320
	640
	1280

	On Duration
	2
	10
	10
	10
	10

	Interruptions needed for 100% power savings 
	10
	2.5
	1.25
	0.625
	0.3125

	Interruption 0%
	10
	13.33333
	26.66667
	53.33333
	106.6667

	Interruption 0.5%
	9.55
	10.86667
	16.4
	11.46667
	N/A

	Interruption 0.625%
	9.4375
	10.25
	13.83333
	1
	N/A

	Interruption 1%
	9.1
	8.4
	6.133333
	N/A
	N/A

	Interruption 1.25%
	8.875
	7.166667
	1
	N/a
	N/A

	Interruption 2.5%
	7.75
	1
	N/A
	N/A
	N/A


Table 1. Dependency of power consumption increase depending on interruption
We believe that shorter DRX cycles are used in practice, not 640ms. As such, a higher interruption percentage that applies to all DRX cycles should be allowed. It should be noted that the network impact is the same for a given interruption percentage irrespective of the DRX cycle. Hence, interruptions should be allowed for any DRX cycle length. The achievable power consumption gains would be smaller for shorter cycles, however, they would still be useful.

Proposal 3. Allow 1% interruptions for all DRX cycles.

We would like to point out that based on the simulations shown in [4], the network can handle an interruption of 1% if it is aware that it is happening. If a very low PDCCH error is needed then the network could disable the DRX operation as this would not serve its purpose anyway. 

Also, if a certain interruption percentage is allowed by the specifications, whether one interruption is 1ms or 2ms becomes almost irrelevant as the network impact is the same. UEs that are able to limit one interruption to 1ms would be able to achieve higher power saving gains and would have a clear advantage. Also, as the PSCell configuration/addition does not happen often and the network is aware of it, the interruption length will not cause a significant impact irrespective of its length.
Observation 2. Allowing interruptions of up to 2ms would not cause bigger network performance degradation because the total amount of interruptions is capped by the allowed interruption percentage.

3. Conclusion
In this paper we briefly analysed the issue of interruptions with dual connectivity. Based on our analysis we presented the following observations and proposals.

Observation 1: If not enough interruptions are allowed to enable significant power consumption gains, DRX does not serve its purpose and becomes useless.

Observation 2. Allowing interruptions of up to 2ms would not cause bigger network performance degradation because the total amount of interruptions is capped by the allowed interruption percentage.

Proposal 1. Allow interruptions up to 2ms for asynchronous DC operation.
Proposal 2. Do not allow any interruption during the DRX on duration.

Proposal 3. Allow 1% interruptions for all DRX cycles.
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