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1
Introduction

The objectives of Rel-17 WI [1] for additional enhancements to NB-IOT/LTE-M which have the RRC signalling changes are the primary impact are given below.
· Specify signaling for neighbor cell measurements and corresponding measurement triggering before RLF, to reduce the time taken to RRC reestablishment to another cell, without defining specific gaps. [NB-IoT] [RAN2, RAN4].

· Introduce support for NB-IoT carrier selection based on the coverage level, and associated carrier specific configuration (e.g. maximum repetitions UL/DL, DRX configurations, etc.). [NB-IoT] [RAN2, RAN3]
In this document we further analyse the enhancements required to improve the time taken for RRC Reestablishments. This document is modified resubmission of R2-2009268,
2
Discussion 

Out of the multiple components of Re-establishment delay given in [1], the delay components which can be considered for reduction as part of this objective are 

· Time taken to search and detect specific target cell. UE may take longer time to synchronize to the target cell if it was not measured recently prior to RLF. RAN2 has requested RAN4 in [2] to identify this requirement for NB-IoT. 

· Time taken to acquire the minimum system information required to identify whether selected cell is suitable or not based on cell selection criteria, access barring status and information about common channel configuration for RACH access and associated downlink control channels for receiving Random access response. In case of NB-IoT, UE also need to know the list of non-anchor carriers for triggering the random-access procedure.

For the main objective of reduction of time taken for re-establishment in new cell, the candidate solutions need minimize the above time components as much as possible. Above purpose should be achieved with minimum impact to the ongoing active connection and reduced signaling changes.
2.1 Connected mode measurements for Reestablishment time reduction
The time taken for target cell detection and network synchronization can be reduced if the UE can start neighbor cell measurements during connected mode prior to RLF detection. In LTE systems the UE measurements are configured by network and based on the configuration UE should report the measurements to network either periodically or based on specific events related to radio condition of serving cell and neighbor cells. These measurement reports are used by network to trigger handover command to selected target cell by preparing the target cell with resources in advance for fast switching of active connection.  As connected mode mobility is not required for NB-IoT, the network configuration of measurements and reporting the measurements are not required. The connected mode measurements for faster re-establishment can be UE autonomous measurements where the measurement occasions and start and stop of measurements can be left to UE implementation.

Leaving the decision of connected mode measurements completely to UE implementation will lead to sub-optimum performance for the UE behavior. If the measurements are started too early, UE may need to measure neighbor cells for longer time prior to RLF which may lead to increased power consumption at UE. In case the measurements for neighbor cells started later, it is possible that the UE could not  detect/measure some potential target cells which will lead to increased re-establishment time, i.e., target cell detection and synchronization after RLF. 

Observation 1: Triggering of connected mode measurements at suitable time is key factor for optimised UE energy consumption and re-establishment time reduction. 
One of the triggering condition to start connected mode measurements could be serving cell radio condition going below specific threshold. Network may also consider the time required for neighbor cell detection into consideration when configuring the triggering condition. Network may configure this value as assistance information for connected mode measurements. UE may also consider changing the periodicity of measurement occasions for neighbor cell measurements based on the change in serving cell radio condition. Network may configure threshold for the difference for switching between different measurement periodicity. 

Based on the above analysis network assistance related to connected mode measurements is beneficial for optimum performance.

Proposal 1: Network assistance information for connected mode measurements should be supported. FFS Parameters of network assistance.

As part of re-establishment procedure or later as part of RLF reporting, UE may include additional information about whether the selected target cell was already known via measurements at the time of RLF or not. Serving network can consider this information to further optimize the triggering condition for connected mode measurements.

Proposal 2: Adaptation of triggering condition for connected mode measurements based on UE feedback should be considered.
2.2 Reduction of System Information acquisition time for Reestablishment
The delay for acquiring at least the minimum system information to initiate the RACH access depends on the scheduling periodicity of the relevant system information. MIB acquisition is needed at minimum and the periodicity of MIB is 640 msec. SIB1 periodicity is 2560 msec. Overall time for system information acquisition is more than 3000 msec. Even if the target cell is known through early measurements considering the time taken for MIB/SIB acquisition the reduction of re-establishment depending on the signal strength ranges from 3% to 50% of the total time of re-establishment. The system information acquisition time above used for comparison does not consider other mandatory system information such as non anchor carrier configurations. With this additional system information, the percentage of time taken for re-establishment due to system information acquisition will be major component of re-establishment time.

Observation 2: System Information acquisition time after RLF is the one of main component of delay in addition to the search time for detection of cell for many deployment scenarios.
Based on the above observation to enable fast re-establishment after RLF UE needs to shorten the SI acquisition time. One way to decrease the SI acquisition time is through decreasing the periodicity of the SIB transmission in the network.
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Figure 1: Logarithmic overhead of SI transmission versus different number of repetitions and SI 

Figure 1 illustrates the logarithmic overhead in terms of resources normalized to a single transmission of SI with a period of 2048 ms. We see that the overhead increases linearly with increasing repetitions and increases inversely proportional to decreasing SI periodicity. Considering the scenario for 2048 ms with 128 repetitions, to have the same overhead for the network with an SI periodicity of 256 ms, we need to limit the number of repetitions to 16 which will limit the coverage enhancement capabilities.

Observation 3: The reasons SI periodicity is set high is to limit the resource used/overhead for SI messages. SI messages are sent with multiple repetitions to enable different coverage enhancement scenarios. 
Considering the above observation, it is unlikely that the SI periodicity is decreased as this will heavily increase the radio resources used for control messages. An alternative way of decreasing SI acquisition time is through network assistance information that include target system information. Contrary to the periodic broadcast of system information, network assistance information can be provided on demand or a trigger based.

Proposal 3: Network assistance information for early measurements should support inclusion of selected system information parameters for faster re-establishment. FFS selected subset of system information parameters.
Another method of limiting the impact of SI information transmission is providing the essential parts of target system information. UE does not need all of the system information for cell selection. Moreover, only a subset of system information is needed for initial access. Availability of required information to start random access of target cell will enable to UE to directly start random access at the target cell directly after cell selection.

Proposal 4: Selected system information parameters for faster re-establishment provided in network assistance information can be categorized as SI needed for cell selection and SI needed for initial access.
Serving cell may also provide indication that the system information associated with specific target cells are same as serving cell or the information can be provided as delta with reference to the current system information to minimize the contents of network assistance information.

Proposal 5: The target cell system information for fast RLF can also be indicated as delta configuration with reference to the serving cell to minimize the signalling overhead.
3
Summary
Observation 1: Triggering of connected mode measurements at suitable time is key factor for optimised UE procedure for re-establishment time reduction.

Proposal 1: Network assistance information for connected mode measurements should be supported. FFS Parameters of network assistance.

Proposal 2: Adaptation of triggering condition for connected mode measurements should be considered.
Observation 2: System Information acquisition time after RLF is the main component of delay rather than the search time for detection of cell for many deployment scenarios.
Observation 3: The reasons SI periodicity is set high is to limit the resource used/overhead for SI messages. SI messages are sent with multiple repetitions to enable different coverage enhancement scenarios. 
Proposal 3: Network assistance information for early measurements should support inclusion of selected system information parameters for faster re-establishment. FFS selected subset of system information parameters.

Proposal 4: Selected system information parameters for faster re-establishment provided in network assistance information can be categorized as SI needed for cell selection and SI needed for initial access.
Proposal 5: The target cell system information for fast RLF can also be indicated as delta configuration with reference to the serving cell to minimize the signalling overhead.
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Annexure 

RAN2-111e- Agreements for RLF enhancements:

· Study current RLF procedure to understand the time taken to select the cell for access. Start and end points FFS.

· Support neighbour cell measurements in RRC_CONNECTED, at least for intra-frequency.

· FFS inter-frequency

· FFS whether measurements are done on the anchor carrier

· FFS how neighbour cell measurement is triggered 

· FFS how to perform neighbour cell measurements 

· Working assumption: Neighbour cell measurement results are not reported to the network in RRC_CONNECTED.

· FFS whether and when other information can be sent

RAN2-113e-Agreements for RLF enhancements:

· Enhancements to the random access procedure are not considered.

· The solution includes reduction of the time between declaration of RLF and the start of the random access procedure (points C and D)

· FFS whether the solution includes reduction of the time between out-of-sync detection and declaration of RLF (points B and C)
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