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1
Introduction
In previous meetings several issues related to single chip RF CA implementations were discussed. A CR allowing interruptions for inter-band CA was agreed in [1]. In this paper we discuss the implications of these interruptions on inter-frequency measurements without gaps. 

2
Discussion
Inter-frequency measurements without gaps were introduced in Release 10 targeting CA capable UEs in single carrier mode. These UEs are likely to have an idle RF chain that can be used to perform measurements while the other RF chain is used to communicate with the serving cell. Gapless measurements can bring up to 15% throughput improvement(case of gaps every 40ms) compared to measurements that require gaps so they are an attractive feature to improve UE performance.
In previous meetings, some challenges regarding future single chip RF CA implementations were brought up and the need to allow PCell interruptions when the SCC RF chain is reconfigured(center frequency is changed) or turned on/off were discussed. In order to take advantage of the cost/power consumption benefits that single chip implementations have, PCell interruptions of up to 1ms were agreed at SCell configuration/deconfiguration and activation/deactivation [1].

As the idle RF chain is turned on\off or reconfigured when inter-frequency measurements are performed, there will be a need for interruptions or measurement gaps with single chip implementations. This topic was briefly discussed in [2] and it was proposed that UEs that need any kind of interruption signal the network the need for gaps to perform inter-frequency measurements. 
Another option would be to define some performance requirements in terms of a packet drop rate similar to the CA case of SCC measurements when SCell is deactivated. If the packet drop percentage is relatively low, a good tradeoff between the benefits of measurements without gaps (the actual interruptions would be significantly lower than 15%) and system performance impact can be achieved. 
If measurement gaps are used, the number of samples/cells a UE can measure during 1 gap is limited, however, if the idle RF chain is used, the actual measurement time can be extended while decreasing the measurement frequency. Thus, the number of interruptions needed can be reduced. It should be noted that increasing the interval between measurements will affect the measurement accuracy because of reduced time diversity, especially for low speed channels with slow time variation.  To assess the impact of the time diversity loss we performed a simple simulation with different sampling frequencies in a slow fading channel(EPA 5Hz). As the “ideal” measurement definition in a fading channel is not clear, we compare different sampling frequencies(40ms~240ms) with a 5ms sampling frequency that tracks the exact channel variation. The measurement period for 1 RSRP sample is 480ms. To only see the impact of reduced time diversity, no noise is added in the simulation (SNR=∞dB). The simulation results are shown in Figure 1. 
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Figure 1. RSRP accuracy with different sampling intervals

As expected, the results show an increase in measurement error as the measurement interval is increased. Based on these results, we believe that a sampling interval of around 80ms-120ms offers good enough measurement performance. This would correspond to a subframe drop rate of 2-3%. We believe this rate is low enough such that there is no big impact on the overall system performance. A packet drop rate of 3% would offer more implementation flexibility with better performance compared to a 2% rate without a significant system performance degradation.
Proposal: Allow a packet drop rate of up to 3% for inter-frequency measurements without gaps. 

3 
Conclusions

In this paper we analyse the impact of single chip CA RF implementations on inter-frequency measurements without gaps. Our analysis shows that good measurement performance can be maintained if a drop rate of 2-3% is allowed, hence, we propose to allow a 3% packet drop rate for inter-frequency measurements without gaps.
Proposal: Allow a packet drop rate of up to 3% for inter-frequency measurements without gaps.
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