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1
Introduction
In 3GPP WG2 78 meeting, there was an LS from RAN4 indicated that there might be an interruption on PCell at SCell state transitions for intra-band contiguous carrier aggregation [1]. 
· Interruptions on PCell are allowed when SCell is configured or deconfigured by RRC
· Interruptions on PCell are allowed when SCell is activated or deactivated by MAC when scellMeasurementCycle >=640ms

· No Interruptions on PCell are allowed when SCell is activated or deactivated when scellMeasurementCycle < 640ms as RAN2 understanding in their LS, and a CR [2] to capture the requirements was agreed.
It is understood that such interruption is mainly caused by UE RF retuning. When the SCell is configured, UE will need to retune the RF to a wider bandwidth to support carrier aggregation, and when the SCell is de-configured, or deactivated, UE may choose to retune the RF to narrower bandwidth to save power. Another aspect which should be kept in mind in the discussions is that there might be some UE implementations which use two RF chains even to perform intraband contiguous carrier aggregation, and for these types of UEs the PCell glitch discussion would not be relevant.

In RAN2 meeting, there was some discussion but no conclusion was reached. RAN2 agreed that current RRC processing delay does not cover the retuning delay and will think about whether and how to capture the impact of glitch in RAN2 specification. 

2
Discussion
2.1
Glitch due to SCell configuration/de-configuration
Because CA capable UE will access the cell like a Rel-8 UE with already specified procedure, we assume it is natural that UE’s RF will be supporting narrow bandwidth at the time so RF retuning will be needed upon SCell configuration. And because SCell will be initially at a deactivated state after it is configured, there might be two possible implementationsto do the RF retuning.
1. UE retunes the RF immediately after the SCell configuration
2. UE retunes the RF when the SCell is activated or UE need to do measurement for the deactivated SCell
Implementation 2 is only a practical option if the network has also configured an SCell Measurement Cylcle of ≥640ms, because RAN4 specifications exclude PCell glitches for shorter SCell Measurement Cycles. For the usage of SCell, there might be no big difference between two implementations. However, due to the fact that RF retuning is possibily cause interruption to the PCell transmission, we think these two options may have some differences from the performance viewpoint. 
1. If UE will retune the RF upon the SCell configuration, eNB could predict the time when glitch will happen because the configuration signaling is sent by eNB itself. If UE choose to not retune the RF immediately after the SCell configuration but do retuning when it need to measure the deactivated SCell, eNB will not be able to know there is a glitch and probably cause packet loss if eNB made scheduling there. 
2. From the UE point of view, it could also obtain the first deactivated SCell measurement sample right after the SCell configuration, this maybe also helpful to verfy that the configured SCell is in a good quality because it is possible that eNB just configure the SCell blindly
From the above analysis, we made the following observation.
Observation #1: Doing RF retuning right after the SCell is configured could have some benefit from the performance point of view. 
Anoter benefit of this approach is that it means that the configuration/deconfiguration procedure is agnostic to the configured SCell measurement cycle.
Regarding the SCell de-configuration, we think it is probably due to the bad channel quality or end of the traffic rather than power saving purpose, since we already have the activation/deactivation mechanism which was introduced to save UE’s power when the SCell is tempraorily not used. From this sense, we think once the SCell is de-configured, it is natural that UE retunes the RF to narrower bandwidth immediately, and this could also make the glitch on PCell somewhat predictable. 
Proposal #1: UE is assumed to retune the RF immediately upon the SCell configuration/de-configuration if it needs to perform retuning
2.2

Glitch due to SCell activation/deactivation
Before eNB could start to use the SCell, it needs to activat the SCell by activation command MAC CE. There are still some possible implementation choices from the UE aspect. 

1. UE retunes the RF upon SCell configuration, and will not retune back till the SCell activation
2. UE firstly retunes the RF to wider bandwidth upon SCell configuration, does deactivated SCell measurement, or UE activates the SCell before it gets deactivated later, after that, UE may choose to retune back to narrower bandwidth. 
Among the above two possible implementations, option #2 will cause glitch on PCell when eNB activate the SCell, while option #1 will not cause any interruption. However, since eNB could not know the UE implementation choice, it need to always assume the worst cast to not make any scheduling during the time. 
Another issue is that different UE implementation may have different length of glitch, which is also unknown by the eNB. So anyhow it is difficult to make any assumptions about glitch after activation in the eNB scheduler. 

About the deactivation, UE could also have different implementation choices, which will cause the glitch un-predictable at the eNB side. What’s more, it is also possible that scellDeactivationTimer expires unexpectively due to the PDCCH miss, this will cause SCell state mismatch between eNB and UE, which will also cause the glitch time un-predictable. 

Observation #2: it is hard for eNB to predict when the glitch will happen due to the SCell activation/deactivation

And from the last RAN4 meeting, there will be three states for the SCell which may impact the activation delay

· “Cold-Start 1” 

· SCell RF is not activated

· Timing information is unknown

· Not possible for intraband contiguous CA

· “Cold-Start 2”

· SCell RF is not activated

· Timing information is known

· “Warm-Start”

· RF is already activated.

· Timing information is known

Because of the different SCell activation delay, it might be a little premature to discuss how to handle the glitch during the activation. Since the glitch period likely partially overlaps with the SCell activation period, PCell glitch and SCell activation delay are linked, and if the SCell activation delay is decided to be much longer than the current value, because eNB could not know the time of glitch, it may need to keep the whole delay period un-scheduled which will also cause longer effective interruption on PCell or other activated SCell, and for some of the UE implementation (e.g option #1 in the above text), such interruption will be even quite unncessary. So we think RAN2 could wait for more input from RAN4 to make further discussion about the glitch due to SCell activation/deactivation. 
Proposal #2: RAN2 awaits further input from RAN4 before reaching a final conclusion on glitch after MAC CE command 

2.3
Glitch due to deactivated SCell measurement
For deactivated SCell, UE need to do measurement every scellMeasurementCycle. If eNB configures the scellMeasurementCycle > 640ms, as analysed in section 2.2, UE may choose to retune the RF to a narrower bandwidth to save power and limit noise from the RF image of the SCC to improve performance, or choose to keep the RF at a wider bandwidth until the SCell is activated again. If UE does the RF retuning upon the SCell deactivation, it will still need to retune the RF back again for deactivated SCell measurement. Because the measurement timing and duration is up to UE implementation, eNB could not predict when there will be glitch at PCell due to the deactivated SCell measurement. 

Observation #3: eNB could not predict the glitch caused by deactivated SCell measurement. 
Unknown glitch will cause some packet loss because eNB may still make scheduling there. However, due to the fact the implementations of the different terminals could be quite varied, it will be a little hard to define a unified solution. One possible way forward is to leave to UE to choose the proper time to measure the deactivated SCell, the target would be not to interrupt the important procedure on PCell, e.g. random access. It should be noted that RAN4 has already defined packet loss requirements and testing to ensure not more than 0.5% packet loss due to deactivated SCell measurements, so RAN2 discussions may be more beneficial if the procedural aspects are considered, rather than user plane data loss. 
Proposal #3: RAN2 to discuss the possible handling of the glitch due to deactivated SCell measurement.
3
Conclusion
Observation #1: Doing RF retuning right after the SCell is configured could have some benefit from the performance point of view. 
Observation #2: it is hard for eNB to predict when the glitch will happen due to the SCell activation/deactivation

Observation #3: eNB could not predict the glitch caused by deactivated SCell measurement.

Proposal #1: UE is assumed to retune the RF immediately upon the SCell configuration/de-configuration if it needs to perform retuning
Proposal #2: RAN2 awaits further input from RAN4 before reaching a final conclusion on glitch after MAC CE command 

Proposal #3: RAN2 to discuss the possible handling of the glitch due to deactivated SCell measurement 
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