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1
Introduction

In the last couple of meetings, there was discussion on the possibility of PCell interruptions when SCell configuration under the implementation of single chip architecture is used for inter band CA [1-3]. The corresponding CRs [4, 5] were not agreed, because the issue was not clear enough to the cases other than SCell configuration, such as SCell activation and so on. In this contribution, we aim to address the impact on network operation when this interruption agreed on each case and provide discussion on possible PCell interruption time.
2
Possibility of PCell interruption
Based on the previous contributions from several companies in [1-3] and our own studies, PCell interruption would take place when the UE is implemented with single chip RFIC in several cases. As mentioned in [1], to address the problem resulting from the interaction between VCOs, the PLL synthesizer has to be reprogrammed with optimized values for each particular channel and channel combination. As illustrated in figure 1, typical PLL synthesizer is implemented with a VCO, a programmable divider and other components. In our understanding, the procedure for reprogramming PLL synthesizer with optimized value can be separated into two phases in the followings.

· The phase for identifying optimized digital value which will be input to programmable divider
· The phase for re-lock the PLL synthesizer. 
The former phase is only used to calculate exact input value, which means there is no interruption in PCell during this calculation. After digital value is input to programmable divider in both PCC and SCC, in the latter phase, the PLL synthesizer starts to re-lock and in this phase interruption in PCell occurs. It is, however, essential to correctly identify the case in which this interruption occurs. This interruption occurs if there is no need to reset the digital input in SCC and just to re-input the previous digital number, there will be no need to input new digital value in PCC, so that there will be no interruption in PCell. Based on this analysis, it is obvious that the possibility of PCell interruption exists only when operation frequency of SCC is changed.
Observation 1: PCell interruption only occurs when digital input of programmable divider is changed in PCC, provided that new frequency of VCO in SCC is interacting to VCO in PCC
Observation 2: No PCell interruption takes place in the phase for digital input calculation


[image: image3.png]Phase
comparator

>{ LPF

VCO

(i

Programmable

A

Divider
A

A

Digital input





Figure 1: Typical PLL synthesizer
In the following subsections, discussion is provided for identifying the specific cases PCell interruption caused by single Chip RFIC implementation  and for understanding the impact of PCell interruption on network operation for each case listed in the following based on the discussion above.
· Case for NO operation frequency changing in SCC
· SCell activation/de-activation and SCell/intra-frequency neighbour cell measurement when SCell de-activated are categorized in this case

· Case for operation frequency changing in SCC
· SCell configuration/de-configuration and measurement without gaps by SCC when SCell de-configured are categorized in this case
· Where, for configuration/de-configuration case, there is a specific scenario in which no operation frequency changing in SCC take place

2.1 Case for NO operation frequency changing in SCC
SCell frequency will not be changed to activate/de-activate SCell or SCell/intra-frequency neighbour cell measurement on SCC when SCell de-activated . Based on the observation 1, there is no need to change PCell VCO frequency when no operation frequency changing in SCC takes place. So that, in this case, there is no possibility of PCell interruption, if UE can memorize previous operation frequency.
Proposal 1: No PCell interruption is allowed when there is no change in SCC frequency, where SCell activation/de-activation and SCell/intra-frequency neighbour cell measurement when SCell de-activated are categorized in this case.

2.2 Case for operation frequency changing in SCC
In this case, a new SCell frequency is set in SCC to configure/de-configure SCell or to measure inter frequency/RAT cells. Based on the observation 1, it is obvious that PCell interruption would occur in this case. Figure 2 shows affected subframes in PCC if PCell interruption occurs in subframe 6, where we assume the interruption time is 1ms. Since there is a possibility that SCC would not know information of FFT timing in PCC, there might be PCell interruption in middle of PCC subframes. If the PLLs start to reprogram from the beginning of subframe 6 in SCC, PCell will be interrupted in subframe 6 and 7. Provided that subframe 6 and 7 of PCC UL is interrupted and no ACK/NACKs are transmitted in the subframes, network would not know the DL data in subframe 2 and 3 in PCC DL has been received by UE, so that there may somewhat retransmission take place in latter subframes. In that sense, PCC DL would be affected for 4ms if 1ms PCell interruption from SCC is allowed. For the case of SCell configuration/de-configuration, there might not be so frequent configuration/ de-configuration, so that the throughput degradation would not be so severe. Furthermore, there might be a scenario in which no PCell interruption takes place, in case there is no operation frequency changing in SCC as mentioned in proposal 1. However, for the case of measurement without gaps by SCC when SCell de-configured, the throughput degradation due to PCell interruption would be much more severe. If the UE changes its measurement frequency every measurement cycle, 40ms for gap pattern #0, the throughput degradation would be 10%, where 4/40=10%, compared to pure measurement without gaps. This analysis is based on assumption of 1ms PCell interruption, and larger value of PCell interruption would lead the feature of measurement without gaps more meaningless. If the above analysis is correct, the allowed PCell interruption time should be as short as possible. 

Observation 3: PCell interruption severely degrade PCell throughput in case SCC measures without PCell gaps when SCell is de-configured
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Figure 2: Affected subframes when PCell interruption occurs
Based on the observation 1/2, the interruption would occur after digital value is input to programmable divider. So that PLL locking time would be directly equal to possible PCell interruption time. Based on our investigation, this value would be approximately 200us. So that, it is proposed that the allowed PCell interruption value should be 200us in PCell.
Proposal 2: 200us of PCell interruption can be allowed when SCC changes its own frequency, where SCell configuration/de-configuration and measurement without gaps by SCC when SCell de-configured are categorized in this case.

Note: If there is no operation frequency changing in SCC, PCell interruption should not be allowed, such as some specific scenario in SCell configuration/de-configuration
4
Conclusions

In this contribution, we gave an analysis on PCell interruption due to poor isolation in single chip RFIC implementation. Based on the analysis, it seems the impact of PCell interruption can be categorized to the case of SCC operation frequency changed or not. So that the following observations and proposals have been given,
Observation 1: PCell interruption only occurs when digital input of programmable divider is changed in PCC, provided that new frequency of VCO in SCC is interacting to VCO in PCC
Observation 2: No PCell interruption is taken place in the phase for digital input calculation
Observation 3: PCell interruption severely degrade PCell throughput in case SCC measures without PCell gaps when SCell is de-configured
Proposal 1: No PCell interruption is allowed when there is no change in SCC frequency, where SCell activation/de-activation and SCell/intra-frequency neighbour cell measurement when SCell de-activated are categorized in this case.

Proposal 2: 200us of PCell interruption can be allowed when SCC changes its own frequency, where SCell configuration/de-configuration and measurement without gaps by SCC when SCell de-configured are categorized in this case.

Note: If there is no operation frequency changing in SCC, PCell interruption should not be allowed, such as some specific scenario in SCell configuration/de-configuration
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