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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 this paper we discuss allowing PCell interruptions during deactivated SCell measurements for inter-band CA and extending the interruptions allowed for intra-band CA to 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. A CR allowing a 1ms PCell interruption at SCell configuration/deconfiguration and activation/deactivation was agreed in [5] during RAN4#68 for inter-band CA. 
In this paper we further discuss the proposals introduced in [6] to allow interruptions during measurements on SCC when SCell is deactivated for inter-band CA. As pointed out in [6], allowing interruptions during measurements on SCC when SCell is deactivated would bring power saving benefits that are most likely greater than those for intra-band CA. The UE would be able to shut down the SCC RF chain when it is not in use, leading to reduced power consumption. The impact on system performance is expected to be negligible as no major issues were raised for intra-band CA where these interruptions are already allowed. Hence, we propose to extend the interruptions allowed for the intra-band CA to inter-band CA. 
Proposal 1: Allow 0.5% packet drop rate for SCell measurement cycle of 640ms for inter-band CA.
It should be noted that not allowing interruptions during measurements would also make the interruptions at activation/deactivation useless. As it is impossible for the UE to predict whether the activation will happen before it needs to take some measurement samples, the UE will be forced to keep the SCell RF chain on at deactivation even though it is allowed to turn it off. Furthermore, the above proposal would bring one generic requirement to all CA cases and simplify the specifications and the UE implementation. 

As pointed out in the previous section, 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. Currently, interruptions are allowed for intra-band CA only when the configured measurement cycle(measCycleSCell) is 640ms or longer. 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 non-contiguous CA and intra-band contiguous 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.If we consider that a 1ms interruption is needed at the beginning and at the end of each measurement, the packet drop rate should be around 1.5% with a measurement cycle of 160ms This rate should have a negligible impact on system performance as the eNB will interpret the absence of ACK/NAK as NAK and just retransmit the lost packet.
We would also like to point out that when the current requirement for intra-band CA (0.5% for measurement cycle of 640 or greater) was agreed, the assumption was that the interruption would be 1ms. The actual requirement for the interruption length(up to 5ms) was agreed much later and also took into account the possibility of having MBSFN subframes. A drop rate of 1.5% would be consistent with allowing 0.5% packet drops with measurement cycles of 640ms or greater.
Proposal 2: Allow 1.5% packet drop rate for all SCell measurement cycles.
Proposal 2 can be seen as an extension of proposal 1 and both requirements could be explicitly captured or only proposal 2 can be specified as proposal 1 is somehow implicit if proposal 2 is accepted. 

It should be noted that the actual power consumption and impact of interruptions will also depend on the configurations and policies used by the network. A longer measurement cycle will reduce the UE power consumption and the number of subframes dropped as the UE needs to turn on/off the SCC RF chain less often. 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 enable by carrier aggregation.
In the annex we present 2 text proposals on how to capture the requirements in the specifications. The proposal in Annex A is changing the text in Section 8.3.3.2.1. The proposal presented in Annex B is moving the requirements to the newly created section 7.8 on CA interruptions and references the new section. Our preference is to adopt the proposal in Annex B as this makes the specifications better organized and easier to read. In this proposal all the requirements related to interruptions are captured in the same section.
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 for inter-band CA.
Proposal 1: Proposal 1: Allow 0.5% packet drop rate for SCell measurement cycle of 640ms for inter-band CA.

Furthermore, because the power savings from allowing interruptions during deactivated SCell measurements are significant we propose to extend the interruptions to all measurement cycles for both inter-band CA and intra-band CA. This proposal would allow implementation flexibility and have one consistent set of requirements for all CA cases.
Proposal 2: Allow 1.5% packet drop rate for all SCell measurement cycles.
Two text proposals on how to capture the requirements are presented in Annexes A and B. We prefer the proposal in Annex B because this makes the specifications better organized and easier to read. In this proposal all the requirements related to interruptions are captured in the same section
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Annex A
Text proposal for Section 8.3.3.2.1
A UE may reconfigure receiver bandwidth taking into account the SCell activation/deactivation status, and when making measurements of cells on an SCC with deactivated SCell. This may cause interruptions (packet drops) to a PCell. Such interruptions due to making measurements are allowed with up to 1.5% probability of missed ACK/NACK for any measCycleSCell Otherwise, no interruptions shall be allowed. The requirement considers only missed ACK/NACK due to reconfiguration of the receiver bandwidth, and not due to other causes such as RF impairments or channel conditions. . If the UE receives an RRC message implying that no SCell is configured, no interruptions due to receiver bandwidth reconfiguration shall occur after the corresponding RRC procedure delay has elapsed.
Annex B

Text in Section 8.3.3.2.1:

A UE may reconfigure the receiver bandwidth or turn on/off one of the RF chains when performing measurements on an SCC with deactivated SCell. This may cause interruptions on PCell that are specified in Section 7.8.

Text proposal for Section 7.8

7.8
Interruptions with Carrier Aggregation 
7.8.1
Introduction

This section contains the requirements related to the interruptions on PCell that are allowed for a E-UTRA CA capable UE when its SCell is configured, deconfigured, activated or deactivated.
Note: interruptions at SCell addition/release and activation/deactivation may not be required by all UEs.
Editor’s Note: The interruptions shall not interrupt RRC signalling or ACK/NACKs related to RRC reconfiguration procedure [2] for SCell addition/release or MAC control signalling [36.321] for SCell activation/deactivation command. How to specify this is FFS.

7.8.2
Requirements
7.8.2.1
Interruptions at SCell addition/release for intra-band CA

When an intra-band SCell is added or deleted as defined in [2] the UE is allowed an interruption of up to 5 subframes on PCell during the RRC reconfiguration procedure [2]. This interruption is for both uplink PCell and downlink PCell.
7.8.2.2
Interruptions at SCell addition/release for inter-band CA
When an inter-band SCell is added or deleted as defined in [2] the UE that requires interrupt is allowed an interruption of up to [1] subframe on PCell during the RRC reconfiguration procedure [2]. This interruption is for both uplink PCell and downlink PCell.
7.8.2.3
Interruptions at SCell activation/deactivation for intra-band CA

When an intra-band SCell is activated or deactivated as defined in [2] the UE is allowed an interruption of up to 5 subframes on PCell during the activation/deactivation procedure [2] delay defined in Section 7.7. This interruption is for both uplink PCell and downlink PCell.
7.8.2.4
Interruptions at SCell activation/deactivation for inter-band CA
When an inter-band SCell is activated or deactivated as defined in [2] the UE that requires interrupt is allowed an interruption of up to [1] subframe on PCell during the activation/deactivation procedure [2] delay defined in Section 7.7. This interruption is for both uplink PCell and downlink PCell.
7.8.2.4
Interruptions at SCell activation/deactivation for inter-band CA
When an inter-band SCell is activated or deactivated as defined in [36.331] the UE is allowed an interruption of up to [1] subframe on PCell during the activation/deactivation procedure[36.331] delay defined in Section 7.7. This interruption is for both uplink and downlink.
7.8.2.5
Interruptions during measurements on SCC for intra-band CA

PCell interruptions due to measurements on SCC when the SCell is deactivated are allowed with up to 1.5% probability of missed ACK/NACK for any measCycleSCell[2]. Each interruption shall not exceed 5 subframes.
7.8.2.6
Interruptions during measurements on SCC for inter-band CA

PCell interruptions due to measurements on SCC when the SCell is deactivated are allowed with up to 1.5% probability of missed ACK/NACK for any measCycleSCell[2]. Each interruption shall not exceed 1 subframe.
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