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1 Introduction

In this contribution we are providing a text proposal for TR 36.894 [1] on network-controlled interruptions for improved system performance and user experience. The proposal is based on our contributions [2]

 REF _Ref431556180 \r \h 
[3] at RAN4#76bis, the online discussions, and on the way forward regarding the closely related topic on measurements with multiple RF chains [4].

Current specifications allow the UE to do autonomous interruptions of PCell, SCell(s), and/or PSCell for reconfigurations of the RF circuitry, e.g. for deactivated SCell measurements and the alike. The times at which such interruptions will be carried out are unknown to the eNodeB which therefore might schedule the UE during the interruptions. This causes loss of system capacity as well as may lead to secondary effects such as reduced TCP data rate for the end user. Network-controlled interruptions allow the eNodeB to avoid scheduling a UE that is not monitoring PDCCH, and reduces the risk for retransmissions on RLC level which is one of the causes for reduced TCP data rate.

The text proposal follows below.
2 Text proposal to TR36.894
Unchanged sections omitted

x.y Network-controlled PCell/SCell/PSCell interruptions

Autonomous UE interruptions for reconfiguration of RF circuitry for measurements on deactivated SCells have a negative impact on the system performance in that the interruptions are unpredictable by the eNodeB which hence might spend system resources on UEs at a point in time when they do not monitor PDCCH. Those resources would have been better spent on UEs that do monitor PDCCH but who might not get scheduled due to resource constraints.

Autonomous UE interruptions may also have a negative impact on e.g. data rate for TCP connections experienced by the end user in case the data missed during the interruption is the last retransmission of a HARQ process. When the eNodeB has reached the maximum number of HARQ retransmissions it stops retransmitting and instead, at a later point in time, triggers a RLC retransmission. The latency caused by this means that the TCP ACK becomes delayed, which the server to which the UE is communicating may interpret as network congestions. Network congestion schemes such as e.g. Slow Start will then adapt the transfer speed between the server and the UE, causing the data rate that the end user experiences to drop.

Both of the problems described above can be avoided if the eNodeB is aware of when the UE is interrupting the communication.

As described in R4-155755 there may be several reasons for the interruption when reconfiguring the RF circuitry. The UE may for instance have 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. 

One way to improve the system capacity and the user experience is to have the interruptions under network control. Concretely, the eNodeB shall provide measurement gaps (legacy gaps or NCSGs) for the UE to use for radio switching. In case of legacy gaps, those gaps can also be used for inter-frequency and inter-RAT measurements since additional radio configuration can be carried out at the beginning or at the end of the gap.

Two solutions have been discussed:

· gaps configured per component carrier, and

· gaps configured for all component carriers simultaneously.

The former requires extended reporting of UE capabilities with respect to which carriers can be configured without the need for interruptions. The latter does not require any further capability reporting, but may the cause interruptions on carriers that otherwise could have been scheduled.

Further investigations are needed regarding gaps that are configured per component carrier, for instance details on how the capability reporting is to be carried out. It has been agreed that extended capability reporting shall only be carried out if requested or indicated by the network (MME) in order to prevent overhead from such reporting in networks that do not support configuration of gaps per component carrier.
An early introduction of network-controlled interruptions may be based on legacy measurement gaps or NCSGs that are common to all component carriers, and in a later phase one may introduce gaps that are specified per component carrier.    
Unchanged sections omitted
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