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1. Introduction
Issues related to single chip RF implementations of carrier aggregation have been discussed in previous meetings [1],[2], [3]. It was shown that such implementations will generate interruptions when an SCell is configured/deconfigured and when one of the RF chains is turned on/off. In RAN4#68 a CR allowing a 1ms PCell interruption at SCell configuration/ deconfiguration and activation/deactivation was agreed in [5]. In RAN4#68bis a CR extending the interruptions allowed during measurements when the SCell is deactivated for longer measurement cycles to inter-band CA was agreed in [7]. In this paper we discuss PCell interruptions during deactivated SCell measurements for all measurement cycles.
2. Discussion

In previous papers we presented some extended analysis on the issues related to single chip RF implementations for CA and the disturbances caused in the receive/transmit signal when one of the RF chains is turned on/off or the LO frequencies are changed. Two CRs allowing a 1ms PCell interruption at SCell configuration/deconfiguration and activation/deactivation[5] and 0.5% packet drop rate for long measurement cycles also for inter-band CA [7]  were agreed in previous meeting. In RAN4#68 bis it was also proposed to extend the allowed packet drops to shorter measurement cycles, however, no agreement could be reached. In this paper we further discuss this issue. 
As pointed out in previous papers, the power savings are much more significant in the case of inter-band CA compared with intra-band CA with a single wideband ADC. The power consumption can be reduced to almost half if the unused RF chain is powered down. If we consider a basic implementation designed to meet the intra-frequency requirements that samples all the neighbor cells in 40ms(such that 5 samples are taken during one 200ms measurement period), the RF chain would have to be on only ¼ of the time for 160ms measurement period and 1/8 of the time for 320 measurement period. This means that ¾ or 1/8 of the time the RF chain is drawing battery power unnecessarily. If the measurement algorithm is further optimized(sampling all neighbors takes less than 40ms) then the amount of time that the UE wastes battery power is even longer. 

During the intra-band CA interruptions discussion the power saving benefits were thought be obtained only from shutting down the baseband processing(this can be done irrespective of the allowed interruptions) and the sampling rate change of the ADC. Hence, since in this case the power savings are not so significant it was decided to allow interruptions only for longer measurement cycles. The power saving benefits when an entire RF chain can be shutdown are much more significant, hence, to improve the user experience it would be beneficial to allow interruptions for shorter measurement cycles also.

It should also be noted that for a 1ms interruption in DL 2 ACK/NAKs are lost(1 during the interruption itself and 1 for the packet lost during the interruption. The current requirement of 0.5% packet drop with measurement cycles of 640ms or longer does not allow interruptions for each measurement cycles(4 packets in 640ms would mean a 0.625% drop rate) so the UE cannot do interruptions at each measurement or it has to use some complicated measurement algorithms. 
In previous meetings we proposed to scale the packet drop rate with the measurement cycles, e.g. for 320ms allow a 1% drop rate and for 160ms allow a 2% drop rate. Based on the above observation, even with these packet drop rates the UE would not be able to shut down the RF chain for each separate measurement, however, significant power reduction could still be expected. 

Considering the power saving benefits, we believe it should be considered to also allow interruptions for all measurement cycles, including 160ms. This would cover all the measurement cycles and would make the implementation simpler. The power reduction listed above for inter-band CA would also apply to intra-band CA using multiple RF chains. Considering that intra-band contiguous CA with a total aggregated bandwidth of 40MHz will very likely be implemented with multiple RF chains(even if they are in the same physical chip), we propose to allow interruptions for all measurement cycles for intra-band CA also. 
Proposal: Allow 2% packet drop rate for 160ms SCell measurement cycle and 1% for 320ms SCell measurement cycle.
The proposed requirements could be captured separately in the specifications, or one generic requirement of 2% could be specified. 
If the above proposal is not accepted, the actual power consumption will depend on the configurations and policies used by the network. A longer measurement cycle will significantly reduce the UE power consumption. 
The impact that packet drops will have over the network will also depend on the configured measurement cycles. Another important aspect will be how much the network uses activation/deactivation or SCell configuration/deconfiguration(addition/release). If configuration/deconfiguration is used more often than activation/deactivation, the power consumption can be further reduced at the price of some additional delay in delivering packets when the buffered data can take advantage of the wider bandwidth enabled by carrier aggregation.
3. Conclusion
In this paper we briefly revisited the issues associated with single chip RF solutions for carrier aggregation. We reiterate our previous proposals of allowing interruptions during SCC measurements when SCell is deactivated.
Proposal: Allow 2% packet drop rate for 160ms SCell measurement cycle and 1% for 320ms SCell measurement cycle.
The proposed requirements could be captured separately in the specifications, or one generic requirement of 2% could be specified. 
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