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1 Introduction
The support of neighbour cell measurements in RRC_CONNECTED for NB-IoT was discussed in RAN2#111-e and RAN2#112-e with the following agreements [1]:

	RAN2#111-e agreements:
· 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#112-e agreements:
· 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) 




In this contribution, we discuss some of the issues related to neighbour cell measurements in RRC_CONNECTED mode.
2 Discussion
2.1 
FFS whether measurements are done on the anchor carrier
According to TS 36.133, measurements of a neighbouring cell includes cell detection and cell measurements.

Cell detection or cell search is based on the primary and secondary narrowband synchronization signals that are only transmitted in the downlink anchor carrier.
Observation 1: Cell detection of a neighbouring cell can only be performed on the cell downlink anchor carrier.

Cell measurements are based on the reference signal (NRS) that are always present on the anchor carrier, and may be present on a non-anchor carrier e.g. around paging occasions or around downlink unicast transmission. However, the UE has no knowledge about the usage of non-anchor carriers in the neighbouring cell and their paging configuration and no knowledge of potential downlink transmissions.  
Observation 2: UE has no knowledge of the usage of non-anchor carriers in the neighbouring cell.
Proposal 1: Neighbour cells measurement (detection and measurements) are performed on the anchor carrier. 

2.2 FFS inter-frequency 
We think we should first clarify what it is meant by inter-frequency, i.e. whether this is related to inter-frequency cells or to inter-frequency measurements.

In NB-IoT, the frequency of the cell is the frequency of the downlink anchor carrier, which carries the primary and secondary narrowband synchronization signals and NRS at known position.

Observation 3: The frequency of a NB-IoT cell is the frequency of the NB-IoT carrier transmitting NPSS and NSSS, i.e., the frequency of its anchor carrier.
The objective of the work item is to speed up connection re-establishment after RLF, this means that at least intra-frequency cell measurement should be supported 
Proposal 2: Measurements of intra-frequency cells (i.e. cells for which the anchor carrier are on the same frequency as the serving cell anchor carrier) shall be supported.

In RRC_CONNECTED mode, the serving cell measurements are performed on the configured carrier, which can be the anchor carrier or a non-anchor carrier. Thus, the measurements of the intra-frequency cell are intra-frequency measurements when the UE is configured with the anchor carrier and inter-frequency measurements otherwise.
The case where the UE is configured with the anchor carrier is a limited use case and would not really fulfil the objective of the work item. Then we think both cases, UE configured with the anchor carrier and UE configured with a non-anchor carrier need to be supported, which means that both intra- and inter-frequency measurements shall be supported. 

Proposal 3: Measurements of intra-frequency and inter-frequency carriers shall be supported.
Whether measurement of inter-frequency cells shall also be supported can be discussed. However, if inter-frequency measurements are supported, it does not really make a difference whether the cell is an intra-frequency or inter-frequency neighbour and will not impact the overall solution. Thus the reasons to exclude inter-frequency cells should only be related to considerations such as power consumption or amount of required assistance information / configuration, etc .

Proposal 4: Wait for having a good understanding of the solution before deciding whether measurements of inter-frequency cells are supported or not.

2.3 
FFS whether the solution includes reduction of the time between out-of-sync detection and declaration of RLF (points B and C)
Today, in NB-IoT, RLF is only triggered when the connection becomes unusable (i.e. when T310 expires or upon RACH/RLC failure). This was based on the idea that, considering that NB-IoT UEs are stationary and the connection was short-lived, it was better to try and complete the transmission on the current cell even if the quality was bad.

However, this reasoning does not work very well if we consider mobile UEs with longer connection time, because RLF will occur anyway, i.e. due to the handover procedure not being supported, RLF is a mobility procedure rather than an abnormal case.  In that case, it is preferable to move to a better cell sooner than later, this will improve the ‘user’ experience.
With the introduction of measurements in RRC_CONNECTED, it would be beneficial to use these measurements to trigger RLF, i.e. introduce ‘Fast RLF recovery’.

In LTE and NR, fast RLF recovery (or T312 based fast failure recovery) was introduced to address the late handover case and reduce the interruption time as illustrated below:
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In LTE, usage of T312 is configured is configured with event A3 “Neighbour becomes amount of offset better than PCell/ PSCell” and started upon TTT expiry if T310 is already running. RLF is declared when T312 expires.
A similar approach would be beneficial to NB-IoT. In RAN2#112-e, it was argued that the same result could be achieved with shorter N310, N311 or T310. We do not think it is correct, as using shorter values of the parameter would be a blind decision and would increase the number of false alarms and RLF by preventing recovery. In contrast, using measurements now available at the UE will result in an ‘informed’ decision.  
Observation 4: Using shorter values of N310, N311 or T310 to trigger RLF would increase the number of false alarms and RLF.

Observation 5: Using the measurements results available at the UE to trigger RLF will allow an ‘informed’ decision.

Proposal 5: Introduce RRC connection re-establishment procedure with T310 early termination

In NB-IoT, measurement configuration and measurement reporting are not supported, thus some adaptations of the LTE procedure will be needed, e.g.

· Early RLF termination is enabled by the eNB

· T312 is started when triggering criteria is fulfilled and T310 is running 

· Triggering criteria: (serving cell NRSRP below threshold) and (neighbour cell NRSRP offset better  than serving cell NRSRP)

· The value of T312, serving cell NRSRP threshold and offset are configurable

Proposal 6: RAN2 to discuss the necessary adaptation of T310 early termination to NB-IoT.

2.4 Needs for measurements requirements
At RAN2#112-e, it was proposed to send a LS to RAN4 to ask for information about measurements requirements. 

Before doing this, we think that RAN2 should first discuss the purpose of the measurements at the UE.

If the only purpose of the measurements is to reduce the time between declaration of RLF and the start of the random-access procedure (points C and D), then based on the existing UE Re-establishment delay requirement, the purpose is to reduce the time required by the UE to search the target cell:
TUE-re-establish_delay_NB-IoT = 100 ms + NNB-Iot-freq*Tsearch_NB1-NC + TSI_NB1-NC + TPRACH_NB-IoT
Tsearch_NB1-NC: It is the time required by the UE to search the target cell:


If the target cell is known, then Tsearch_NB1-NC = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch_NB1-NC = 80 ms. Otherwise, Tsearch_NB1-NC = 1400 ms.
Observation 6: If the only purpose of the measurements is to reduce the time between declaration of RLF and the start of the random-access procedure (points C and D), then the only requirement needed is the definition of “the target cell is known”.

If the measurements are also used for T310 early termination, then measurement requirements (e.g. measurement delay, periodicity and number of samples) are also needed. 
Observation 7: If the purpose of the measurements is also to reduce the time between out-of-sync detection and declaration of RLF (points B and C), measurement requirements are also needed.

However, in absence of configured measurement gaps, RAN4 will need to understand when the measurements can be performed to be able to define these requirements. Thus it is desirable that RAN2 has agreed on the overall solution before sending a LS. 
Proposal 7: RAN2 to agree on the purpose of the measurements and the overall solution before sending a LS to RAN4.  

3 Conclusion
In this document, we have discussed neighbour cell measurements in RRC_CONNECTED and made the following observations and proposals:
Observation 1: Cell detection of a neighbouring cell can only be performed on the cell downlink anchor carrier.

Observation 2: UE has no knowledge of the usage of non-anchor carriers in the neighbouring cell.
Observation 3: The frequency of a NB-IoT cell is the frequency of the NB-IoT carrier transmitting NPSS and NSSS, i.e., the frequency of its anchor carrier.
Observation 4: Using shorter values of N310, N311 or T310 to trigger RLF would increase the number of false alarms and RLF.

Observation 5: Using the measurements results available at the UE to trigger RLF will allow an ‘informed’ decision.

Observation 6: If the only purpose of the measurements is to reduce the time between declaration of RLF and the start of the random-access procedure (points C and D), then the only requirement needed is the definition of “the target cell is known”.

Observation 7: If the purpose of the measurements is also to reduce the time between out-of-sync detection and declaration of RLF (points B and C), measurement requirements are also needed.

Proposal 1: Neighbour cells measurement (detection and measurements) are performed on the anchor carrier. 

Proposal 2: Measurements of intra-frequency cells (i.e. cells for which the anchor carrier are on the same frequency as the serving cell anchor carrier) shall be supported.

Proposal 3: Measurements of intra-frequency and inter-frequency carriers shall be supported.
Proposal 4: Wait for having a good understanding of the solution before deciding whether measurements of inter-frequency cells are supported or not.

Proposal 5: Introduce RRC connection re-establishment procedure with T310 early termination

Proposal 6: RAN2 to discuss the necessary adaptation of T310 early termination to NB-IoT.

Proposal 7: RAN2 to agree on the purpose of the measurements and the overall solution before sending a LS to RAN4.  
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