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1	Introduction
Rel-17 WID for further enhancements for NB-IoT/eMTC is approved in [1]. One of the objectives is to enable connected mode measurements for re-establishment time reduction. RAN2 has already agreed that the time between RLF detection and starting of random-access procedure is the scope of optimisation. In this paper we further analyse the impact of system information acquisition during re-establishment on the overall re-establishment time and proposals to minimise this time component before starting random access in the target cell.
2	Discussion
The re-establishment delay at UE for NB-IoT UE in normal coverage is estimated [Ref TS36.133] as 
TUE-re-establish_delay_NB-IoT = 100 ms + NNB-Iot-freq*Tsearch_NB1-NC + TSI_NB1-NC + TPRACH_NB-IoT
Out of the above time delay components, the search time for best cell if it is not known is defined as 1400 msec. The time required for system information acquisition prior to triggering the random-access procedure consists of time taken for acquisition of MIB, followed by SIB1-NB which consists of scheduling information for all the system information is fixed depends on MIB and SIB1 periodicity. MIB Periodicity is fixed at 640 msec and SIB1 periodicity is fixed at 2560 msec. For other system information the periodicity is configurable and indicated in SIB1 as scheduling information. 
The time taken for system information acquisition depends on the time of completion of network synchronisation and next MIB and SIB1 occasion and also depending on the radio condition at the UE which may require reception of more than one instance. Considering the maximum time for MIB1 and SIB1-NB acquistion as 3200 msec, depending on the arrival time the time taken may at least start from minimum subframes between PSS to MIB and SIB1-NB as 10 msec. The average time for system information acquistion can be considered as mid-point which will be 1600 msec assuming the UE arrival time at target is uniformly distributed between the minimum and maximum delay possibilities. This minimum time itself is larger than the time to search for the best cell. This time does not include additional delay for acquiring the minimum system information to start random access procedure. The average time for system information acquisition constitute more than 50% of overall re-establishment time (1600 /(1400+1600) ).  If the MIB acquisition time is not considered in the optimisation, possible re-establishment time reduction could be 40 % (1250 /1400+ 1600 (average system information acquisition time including MIB and SIB1).
The system information acquisition time above used for comparison does not consider other system information such as non anchor carrier configurations relevant for RACH access. 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 1: System Information acquisition time reduction during re-establishment can improve the overall Re-establishment time upto 40% compared to current performance.
Observation 2: If the connected mode measurement of the selected target cell is not available within configured time prior to RLF there will not be any improvement for re-establishment time reduction if other delay components are not optimised.
The additional time required for obtaining the system information required for RACH access after SIB1-NB can be optimised by changing the periodicity of the system information transmission. One way to decrease the SI acquisition time is through decreasing the periodicity of the SIB transmission in the network.
Observation 3: The impact of system information time reduction on re-establishment is higher than 40% if all the system information acquisition needed for RACH access is considered in the overall time estimation.
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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 4: 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. 
When the UE selects cell for re-establishment it needs to acquire the SIB1-NB to check the suitability of the selected cell for further access. If the cell is considered as not suitable after SIB1-NB acquisition, the UE may need to acquire system information of next best cell for re-establishment. Eventhough this may not happen frequently reading of system information of target cell will increase the delay of re-establishment in such scenarios.
Observation 5: For cell reselection cases for re-establishment the system information acquisition for SIB1-NB will further increase the delay of re-establishment. 
It is evident from above analysis that the considerable time of total re-establishment procedure is taken for system information acquisition of the best cell selected for re-establishment. As the main objective of the WID is to reduce the re-establishment time after RLF, the signalling procedure introduced in Rel-17 for re-establishment time consider additional assistance information from network to minimise the delay for system information acquistion after re-establishment.
Proposal 1: RAN2 to consider network assistance to UE related to minimum system information required for random access as part the signalling procedures defined for measurements and measurement triggering.
Connected mode measurements to minimise the cell search delay for RLF enhancements may require the UE to trigger such measurements blindly for potential target cell frequencies for multiple target cells which also includes identifying the target cell based on multiple correlations. To minimise the connected mode measurement overhead some network assistance information needed providing suitable list of target cells before start of measurements. The network may provide the list of potential neighbour cell PCI as minimum assistance information for optimised measurement time reduction based on serving cell CQI measurements reported from UE. 
Proposal 2: Network assistance information containing the potential target cell identifiers is supported for connected mode measurements for RLF.
The motivation for RLF enhancements for NB-IOT is to minimise the interruption time for ongoing data transmission from NB-IOT UE during connected mode mobility. In such cases triggering of random-access procedure in target cell at the earliest would be the main objective rather than obtaining all the system information of target cell after re-establishment prior to random access procedure. For improved re-establishment procedure, the UE may consider only obtaining the minimum system information needed for random access procedure and indicate that it has only obtained partial system information as part of re-establishment procedure. Based on this information, the target node can include all the dedicated configurations explicitly for connected mode operation instead of assuming that the UE might have obtained prior to the target cell access.  
Observation 6: For re-establishment scenarios UE may start random access with minimum system information acquisition and network may provision all the dedicated configurations explicitly as part of re-establishment procedure in this case.
The minimum system information contents required to start random access procedure at target cell are 
· The cell selection related parameters and access barring information.
· PRACH and NPRACH (physical layer) parameters for all RACH Resource pools.
· Non anchor carrier information along with NPRACH parameters of non-anchor carriers.
In many deployment scenarios it is possible that most of the above parameters other than the actual location of RACH occasion and PDCCH occasion for RAR to avoid inter-cell interference may remain common across group cells of specific cluster. For such deployments the network may consider including the target system information relevant for random access procedure as variation for current serving cell. In case if all these parameters are same for target cell, the assistance information may mark such cell as having same common-RRC-Configuration information. In case if the variation of the information for target cell is different beyond minimum number of parameters, network may indicate the same so that the UE need to re-acquire system information in those cells completely if it is selected for re-establishment.
Proposal 3: RAN2 consider inclusion of target cell system information as a variation to the serving cell in the assistance information to minimise the system information acquistion for Re-establishment.

3	Conclusion
Following are the proposals and observations made based on the analysis of impact of system information acquisition time on the overall re-establishment time after RLF.
Observation 1: System Information acquisition time reduction during re-establishment can improve the overall Re-establishment time upto 40% compared to current performance.
Observation 2: If the connected mode measurement of the selected target cell is not available within configured time prior to RLF there will not be any improvement for re-establishment time reduction if other delay components are not optimised.
Observation 3: The impact of system information time reduction on re-establishment is higher than 40% if all the system information acquisition needed for RACH access is considered in the overall time estimation.
Observation 4: 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. 
Observation 5: For cell reselection cases for re-establishment the system information acquisition for SIB1-NB will further increase the delay of re-establishment. 
Observation 6: For re-establishment scenarios UE may start random access with minimum system information acquisition and network may provision all the dedicated configurations explicitly as part of re-establishment procedure in this case.

Proposal 1: RAN2 to consider network assistance to UE related to minimum system information required for random access as part the signalling procedures defined for measurements and measurement triggering.
Proposal 2: Network assistance information containing the potential target cell identifiers is supported for connected mode measurements for RLF.
Proposal 3: RAN2 consider inclusion of target cell system information as a variation to the serving cell in the assistance information to minimise the system information acquisition for Re-establishment.
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