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Discussion 
1 Introduction

RAN4 has reached consensus that PCell interruption is not allowed after n+9. Couple of issues on PCell interruption would need further study.
· For which UE and for which scenario the PCell interruption is applied
· During when PCell interruption takes place
2 Discussion
Scenarios where PCell is interrupted 
There are four cases to be considered as following;
Case 1: Inter-band CA and no RF retuning 
PCell and SCell are configured in the different bands. UE would use separate RF chains for PCell and SCell. There is no PCell interruption.

Case 2: Intra-band CA and no RF retuning scenario

PCell and SCell are configured in the same band; some UE may be implemented with two RF chains even if it does not support inter-band carrier aggregation. UE with such implementation does not need to retune its PCell RF. There is no PCell interruption.
Case 3: Intra-band CA and RF retuning upon SCell addition/release

PCell and SCell are configured in the same band; UE is implemented with a single RF for the concerned band. UE may retune RF upon SCell addition/release. There is PCell interruption.
Case 4: Contiguous and RF retuning upon SCell measurement/activation/deactivation

PCell and SCell are configured in the same band; UE is implemented with a single RF for the concerned band. UE retunes RF upon SCell activation /deactivation /measurement. There is PCell interruption.
For the case 1, ENB needs to know that PCell interruption is not needed for this UE. It is easily achieved since it is the ENB who configures inter-band carrier aggregation. Then UE and ENB shall not apply PCell interruption upon SCell addition/release/measurement/activation/deactivation in this case.
Proposal 1

There is no interruption on PCell upon SCell addition/release/measurement/activation/deactivation, if the SCell and PCell are configured on the different bands.

For the case 2, ENB needs to know that UE does not need PCell interruption. With release 10 ASN.1 being frozen long ago, the only possible way is to use already existing IE to indicate the applicability of PCell interruption. One can consider the measurement gap requirement. If UE does not need a measurement gap to measure band x when a single serving cell is configured on the band x, it is a very reliable indication that UE uses a separate RF chains for band x; one for the serving cell on the band x and the other for measuring neighbouring cells on that band. More details are found in the Annex.

Proposal 2
There is no interruption on PCell upon SCell addition/release/measurement/activation/deactivation, if the SCell is configured in the same band as PCell and if UE indicates that it does not require the measurement gap for inter-frequency measurement on the band if a single serving cell is configured on the band  
For the case 3 and case 4, as discussed in [1] there are two strategies; 1) a UE retunes RF upon SCell addition and stay as retuned until the SCell is released (a.k.a one-shot retuning) or 2) a UE retunes RF only when it is necessary e.g. when before and after measuring deactivated SCell or when the SCell is activated or deactivated (a.k.a on-demand retuning). In UE power perspective, on-demand retuning is better. In performance point of view, one-shot retuning is better. [1] has proposed to always apply on-demand retuning because UE would be more care about battery saving. The conclusion was however to allow both options. The only possible choice would be ENB assumes PCell interruption may occur in any case of SCell addition/release/activation/deactivation/measurement. ENB should try to avoid scheduling UE on the PCell if PCell interruption can be there.

Proposal 3
There could be interruption on PCell upon SCell addition/release/measurement/activation/deactivation, if the SCell is configured in the same band as PCell and if UE indicates that it require the measurement gap for inter-freuqency measurement on the band if a single serving cell is configured on the band.
Proposal 4
ENB should avoid scheduling UE on the PCell for the period during which PCell interruption may occur. 
Timing of PCell interruption
If PCell interruption occurs, the exact timing of it should be specified. Otherwise, ENB may avoid scheduling the UE on the PCell until SCell is activated. PCell interruptions are caused in 3 cases; upon SCell activation/deactivation, upon SCell addition/release and before/after measuring deactivated SCell. There seems not so much to discuss about SCell measurement case where defining the PCell interruption timing may not be possible. Figure 1 describes the activation case.  
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It was confirmed in the last RAN2 meeting that UE has to send HARQ feedback for A/D MAC CE. Hence UE should not start RF retuning before n+4 unless it can complete retuning before then. RAN4 agreed that PCell shall not be interrupted after n+9. There are 5 subframes between those two points of time which is equal to the PCell glitch length. With above, a logical UE behaviour would be to retune the RF during the period starting at the beginning of n+5 and ending at the end of n+9. ENB should conduct PCell scheduling based on the above assumption. Even though RAN4 LS does not provide the information regarding PCell interruption due to deactivation, we assume no difference between the activation and the deactivation. 

SCell addition/release is a bit different. Figure 2 describes the deactivation case.
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Due to RRC processing delay, UE may not be able to know at n+5 that RF retuning is required. One logical assumption would be that UE knows the need of RF retuning at latest at the end of n+20. Then UE and ENB may consider PCell interruption during the period starting at the beginning of n+21 and ending at the end of n+25. The need for defined PCell interruption timing is however less in the case of addition/removal than of activation/deactivation because the frequency would be less. 
In the light of above discussion, the proposal is;
Proposal 5
PCell interruption due to SCell activation or deactivation takes place during the period between n+5 and n+9 when Activation/Deactivation MAC CE is received or sCellDeactivationTimer expires at n.

Proposal 6
The timing of PCell interruption due to SCell addition or removal is not defined in the standard. ENB scheduler is required to take this into account in scheduling UE on the PCell. 
3 Conclusion
Followings are proposed;

Proposal 1

There is no interruption on PCell upon SCell addition/release/measurement/activation/deactivation, if the SCell and PCell are configured on the different bands.

Proposal 2
There is no interruption on PCell upon SCell addition/release/measurement/activation/deactivation, if the SCell is configured in the same band as PCell and if UE indicates that it does not require the measurement gap for inter-frequency measurement on the band if a single serving cell is configured on the band  
Proposal 3
There could be interruption on PCell upon SCell addition/release/measurement/activation/deactivation, if the SCell is configured in the same band as PCell and if UE indicates that it require the measurement gap for inter-freuqency measurement on the band if a single serving cell is configured on the band.

Proposal 4
ENB should avoid scheduling UE on the PCell for the period during which PCell interruption may occur. 
Proposal 5
PCell interruption due to SCell activation or deactivation takes place during the period between n+5 and n+9 when Activation/Deactivation MAC CE is received or sCellDeactivationTimer expires at n.

Proposal 6
The timing of PCell interruption due to SCell addition or removal is not defined in the standard. ENB scheduler is required to take this into account in scheduling UE on the PCell. 
There would be different preferences in how to capture them in the specification. One can consider 36.133 or 36.231 would be appropriate placeholders because PCell interruption is relevant with physical layer reconfiguration. Our proposal is to capture them in 36.321 by creating a normative annex because the most important aspect of PCell interruption is the impact to the scheduling.

A draft CRs are presented in [2] and [3]. 
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ANNEX. What is meant by “UE indicates that it does or does not require the measurement gap on measuring the band where a single serving cell is configured”
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Let’s assume a UE supporting band x and band y. Whether UE requires measurement gap in measuring certain band is indicated by interFreqNeedForGaps IE. The IEs as many as the number of bands UE supporting are listed per BandInfoEUTRA, which has one to one correspondence with BandCombinationParameters. 

If UE indicates that UE does not need measurement gap for band x in the BandInfoEUTRA entry corresponding to the non-CA bandcombination on band x serving cell (highlighted with yellow), it is the case that PCell interruption is not needed for the UE even when both PCell and SCell are on the band x.  
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