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1 Introduction

A way forward on measurement gap improvements [1] was agreed at the RAN4#76 meeting in Beijing. One of the areas concerns network controlled interruption in CA and DC, by which the network would control when the UE reconfigures the RF by providing Network Controlled Small Gaps (NCSG), legacy measurement gaps, or a combination thereof. The following is captured in the WF on the subject:

In this contribution we provide our thinking on per component carrier configuration of measurement gaps and controlling interruptions via NCSG.

2 Discussion
In our related contribution [2] on using multiple RF chains for measurements in gaps we described the reasons for interrupting one or more carriers during reconfiguration of the RF IC(s). The reasons included for instance the need to:

· move an active carrier from one RFIC/RFM to another (in companion chip solution) to accommodate a new carrier that is supported only by one of the RFICs

· reroute an active carrier from one RF chain to another  due to bottlenecks (single-chip solution) to accommodate a new carrier
· reconfigure the ADC sampling frequencies for active carriers to prevent that harmonics are polluting a new carrier

· avoid disturbances caused by a pull effect when reconfiguring one or more PLLs

· avoid disturbances by transients of the voltage supply arising when activating another RF chain 
The exact reason for an interruption depends on UE RF architecture – of which there are many kinds – and the particular scenario, e.g. in which order different carriers are configured and removed, whether inter-frequency/inter-RAT measurements using measurement gaps are configured, et cetera. Two of the observations we made are:


With those observations in mind we have doubts on whether it would make sense to introduce per component carrier measurement gaps. Managing the configuration of such gaps would lead to a highly complex solution for the network node and most likely to an increased overhead in terms of increased granularity in the band combination capability reporting. An increased overhead related to capability reporting would reduce the system capacity as a whole by using resources that otherwise could have been spent on end-to-end communication.

Observation 1: The granularity of the UE band combination capability reporting would most likely have to be increased for the network node to know which CC(s) to configure with CC-specific measurement gaps. It is not only a matter of what bands can be tuned in to by that particular RF chain used at that particular time, but also how the reconfiguration impacts other carriers directly or indirectly, and all such information would have to be provided for any band combination. It is not clear that the increased complexity and overhead/lost system capacity would be justified by the potential benefits of per-CC gap configuration.

Two observations to keep in mind are:

Observation 2: It is unlikely that a UE would need 100% of the cell capacity 100% of the time, particularly in CA or DC scenarios where the communication is carried out over multiple links. Rather, the communication with the UE is bursty, with the UE configured in DRX and being active only when receiving/transmitting data and when monitoring PDCCH during ON duration.

Observation 3: There is no loss in system capacity when there is a mutual understanding between the UE and the network node on when the UE is receiving, and when it is not, from the serving cell.

The main issue to address, in our view, is the loss of system capacity caused by the UE autonomously deciding when to interrupt ongoing communication for reconfiguration of the RFIC. The network might schedule the UE in those 1 to 5 subframes during which some or all of the component carriers are interrupted, but will have to retransmit either via HARQ or RLC. In the latter case there is one additional side effect besides radio resource waste: a significant latency of some 80-200ms for the block(s) to be transmitted to the UE, and often also secondary effects such as a drop in packet rate when communicating with a server due to wind-down of the TCP network congestion-avoidance algorithm.
Observation 4: Autonomous interruptions lead to loss of RAN system capacity, and may also lead to significant latency and reduced data rate in TCP-based data communication. The latter is what affects the end user experience.

Given the observations above we see a large merit in network control of the UE interruptions, both for operators (system capacity) and end users (user experience). However, we do not see the need for per-CC configuration of legacy measurement gaps or new NCSGs. In our view it leads to increased network node-complexity and loss of system capacity.

Proposal 1: The network shall control when the UE is reconfiguring the RF by providing legacy measurement gaps or NCSGs. The gaps shall apply for all component carriers rather than for individual carriers.

Regarding introduction of NCSG there are still open issues such as periodicity, duration (most likely different requirements by CA and asynchronous DC), and signaling, that need to be sorted out. One may particularly consider whether existing measurement gaps can be used for this purpose, at least initially before all open issues have been cleared by the RAN groups.

Proposal 2: To avoid delay of introducing network controlled UE interruptions due to lead time in the concerned RAN groups, RAN4 shall consider whether a first introduction of this feature can be based on existing legacy measurement gaps with and without configured inter-frequency/inter-RAT measurements.

3 Conclusion
We have provided our view on network controlled interruption in CA and DC. Particularly we have made the following observations:

Observation 1: The granularity of the UE band combination capability reporting would most likely have to be increased for the network node to know which CC(s) to configure with CC-specific measurement gaps. It is not only a matter of what bands can be tuned in to by that particular RF chain used at that particular time, but also how the reconfiguration impacts other carriers directly or indirectly, and all such information would have to be provided for any band combination. It is not clear that the increased complexity and overhead/lost system capacity would be justified by the potential benefits of per-CC gap configuration.

Observation 2: It is unlikely that a UE would need 100% of the cell capacity 100% of the time, particularly in CA or DC scenarios where the communication is carried out over multiple links. Rather, the communication with the UE is bursty, with the UE configured in DRX and being active only when receiving/transmitting data and when monitoring PDCCH during ON duration.

Observation 3: There is no loss in system capacity when there is a mutual understanding between the UE and the network node on when the UE is receiving, and when it is not, from the serving cell.

Observation 4: Autonomous interruptions lead to loss of RAN system capacity, and may also lead to significant latency and reduced data rate in TCP-based data communication. The latter is what affects the end user experience.

Based on the observations we put forward two proposals for the RAN4 group to decide on:

Proposal 1: The network shall control when the UE is reconfiguring the RF by providing legacy measurement gaps or NCSGs. The gaps shall apply for all component carriers rather than for individual carriers.

Proposal 2: To avoid delay of introducing network controlled UE interruptions due to lead time in the concerned RAN groups, RAN4 shall consider whether a first introduction of this feature can be based on existing legacy measurement gaps with and without configured inter-frequency/inter-RAT measurements.
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It is beneficial to introduce per component carrier configuration of measurement gaps


Network controlled small gap (NCSG) can be introduced when per CC measurement gap configurations are configured to reduce the Ack/Nack missing rate due to PCell/SCell/PSCell interruption


Benefit of multiple RF chains when gaps are configured on all CC  is expected


Detailed configurations and signaling are FFS or can be addressed in the future work item





Observation 1: The UE RF architecture and its limitations are highly specific for each chipset vendor, UE vendor and product. It is not realistic to assume that the network node would have detailed knowledge about the internal structure of the FEM(s) and RFIC(s).


Observation 2: The network node knows which band combinations the UE can support simultaneously, although an interruption of the ongoing communication may be needed at activation and deactivation of carriers. Hence the network node does not have to know the internal details of the UE RF architecture. 
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