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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. 

This paper briefly summarizes the issues discussed so far and reiterates the proposals to allow interruptions for inter-band CA to enable single chip implementations. Based on the identified challenges we present a proposal to allow some receive and transmit interruptions at the UE to enable VCO and synthesizer frequency switch. 
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.

In [2] it was pointed out that transient effects that may appear when the SCell chain is turned on/off at activation/deactivation or during measurements on SCC haven’t been analyzed much so far. In a single chip 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(even if the signal itself is not interrupted, phase and amplitude changes will disrupt the signal). Hence, we propose to allow interruptions at SCell activation/deactivation and during deactivated SCell measurements for inter-band CA also. If these interruptions are not allowed, the UE would not be able to turn off the RF circuits used by SCell leading to wasted power.

It should be noted that these interruptions are allowed for intra-band CA and no major system impact was seen. In the case of inter-band CA the interruptions will also be shorter (1ms vs. 5ms), hence, the system impact will be much smaller. Furthermore, the power savings in the case of inter-band CA will be significantly higher compared to the intra-band case. If in the intra-band case the power savings were mainly generated by the change in ADC sampling frequency, in the inter-band case more parts of the RF IC can be completely turned off, hence, the power saving benefits are higher.
Considering the above we propose to allow a 1ms interruption at SCell activation/deactivation and during deactivated SCell measurements. The current requirement of 0.5% packet loss during measurements when the measurement cycle is longer than 640ms should be extended to inter-band carrier aggregation also. We believe that it may be useful to differentiate the interruption requirements between intra-band and inter-band CA as the interruptions for inter-band are significantly shorter than for intra-band.

Proposal 1: Allow PCell interruptions at SCell activation/deactivation and during deactivated SCell measurements for inter-band CA.
As pointed out in the previous section, the power savings are more significant in the case of inter-band CA compared with intra-band CA. Currently, interruptions are allowed for intra-band CA only when the configure measurement cycle(measCycleSCell) is longer than 640ms. Considering the power saving benefits we believe it should be considered to allow interruptions when the measurement cycle is 320ms. The 320ms measurement cycle is the default value and it is very likely it will be used extensively in real networks. Also, taking into consideration that the interruption is short(up to 2ms), the system impact will be negligible. If the current packet drop requirement of 0.5% is extended to 320ms measurement cycle the system impact will be the same as in the longer measurement cycle case.
Proposal 2: Allow 0.5% packet drop rate for SCell measurement cycle of 320ms.
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 for inter-band CA to enable the use of single chip RF solutions.
Proposal 1: Allow PCell interruptions at SCell activation/deactivation and during deactivated SCell measurements for inter-band CA. 
Furthermore, because the power savings from allowing interruptions during deactivated SCell measurements and considering that the 320ms is the default value, we propose to extend the 0.5% packet drop allowance to apply when the 
SCell measurement cycle is 320ms.

 Proposal 2: Allow 0.5% packet drop rate for SCell measurement cycle of 320ms.
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 0.5% probability of missed ACK/NACK when the measCycleSCell is larger than or equal to 640 ms for intra-band CA and 320ms for inter-band CA. 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. No interruptions due to the SCell activation/deactivation status changes shall be allowed at least when measCycleSCell is smaller than 640 ms for intra-band CA and 320ms for inter-band CA.. 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 (packet drops) that are allowed when a UE is operating in CA mode. 

Note: The interruptions should not interrupt signallings or ACK/NACKs related to RRC reconfiguration procedure [36.331] for SCell addition/release or activation/deactivation. How to capture this should be further discussed.

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 [36.331] the UE is allowed an interruption of up to 5 subframes on PCell during the RRC reconfiguration procedure [36.331]. This interruption is for both uplink and downlink.
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 [36.331] the UE is allowed an interruption of up to [1] subframe on PCell during the RRC reconfiguration procedure [36.331]. This interruption is for both uplink and downlink.
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 [36.331] the UE is allowed an interruption of up to 5 subframes on PCell during the activation/deactivation procedure [36.331] delay defined in Section 7.7. This interruption is for both uplink and downlink..
7.8.2.4
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 0.5% probability of missed ACK/NACK when the measCycleSCell is larger than or equal to 640 ms. 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 0.5% probability of missed ACK/NACK when the measCycleSCell is larger than or equal to 320 ms. Each interruption shall not exceed 1 subframe.
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