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1	Introduction
The work item on enhancement of NB-IoT to reduce the time taken to perform RRC re-establishment  has been approved [1]. This work item contains one objective that has RRM impact as shown 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].



In this contribution we discuss the RRM impact due to the above objective. 
2	Discussions
At previous RAN4 discussed the incoming LS related to the objective shown in section 1. More specifically, the RAN4 discussed the CONNECTED mode neighbour cell measurements for reducing the time between the UE declaring RLF to the time UE performs RRC re-establishment on another cell and a response LS was sent in [2].

The need for having conditions for starting and stopping the neighbour cell measurements was identified and also included in the response LS. The triggering conditions and stopping conditions are currently under RAN2 discussions. RAN4 shall wait for RAN2 conclusion on the exact conditions. 

· Proposal #1: RAN4 shall wait for RAN2 conclusions on the exact conditions for starting and stopping CONNECTED mode neighbour cell measurements. 

Assuming that there will be certain types of conditions to starting and stopping the measurements, we discuss below how the CONNECTED mode neighbor cell requirements can be defined in TS 36.133.

It is noted that there is already a separate CONNECTED mode section (section 8.14) for NB-IoT measurements in TS 36.133. This section contains CONNECETED mode intra-frequency measurements of the serving NB-IoT cell in normal and enhanced coverage. It also contains channel quality reporting requirements. The new measurement requirements introduced in release 17 apply also in CONNECTED mode, but to intra-frequency and inter-frequency neighbor cells. Thus, it is reasonable to extend this section to contain the release 17 CONNECTED mode neighbor cell requirements. 
· Proposal #2: Release 17 intra-frequency and inter-frequency neighbor cell measurement requirements are introduced in section 8.14 of TS 36.133. 

As observed in [2], the requirements will depend on whether the measured neighbour cell and current serving cell carrier are same or different. The conclusion from [2] was that the UE can perform neighbour cell measurement without gaps and without causing interruptions to serving cell when the carrier frequencies of serving cell and of measurement neighbour cell the are same. The more difficult part is when the carriers are different in which case, the conclusion was that the UE could measure when it is not scheduled which includes any of the following:

· Vacant slots not scheduled for data transmission, i.e. when not required to do data transmission/reception 
· When not required to do NPDCCH monitoring
· during the DRX inactive period i.e. when the UE is configured with DRX. 

An example of how the requirements can be specified is shown below for NB-IoT for normal- and enhanced coverage assuming that the triggering condition for starting and stopping is based on the estimated downlink quality or in-sync/out-of-sync indications (note that exact conditions to be specified are subject to RAN2 agreements). The change with respect to the current specification is shown in red color.  

	8.14	Measurements for UE category NB1
8.14.1	Introduction
This clause contains requirements on the UE category NB1 regarding measurement in RRC_CONNECTED state. The requirements are specified for NB-IoT intra frequency measurements for serving NB-IoT cell. These measurements may be used by the NB-IoT for uplink power control. The measurement quantities are defined in [4], the measurement model is defined in [22] and measurement accuracies are specified in clause 9. During the RRC_CONNECTED state the UE shall continuously measure serving NB-IoT cell.
The UE shall meet all applicable requirements specified in clause 8.14 under the following conditions:
-	at least 1 DL subframe per radio frame of serving NB-IoT cell is available at the UE during measurement period.
[bookmark: _Hlk71492215]8.14.2	NB-IoT intra frequency measurements under normal coverage
The requirements are specified for NB-IoT intra frequency measurements for serving NB-IoT cell. These measurements may be used by the NB-IoT for uplink power control. The measurement quantities are defined in [4], the measurement model is defined in [22] and measurement accuracies are specified in clause 9. During the RRC_CONNECTED state the UE shall continuously measure serving NB-IoT cell.
The UE shall meet all applicable requirements specified in clause 8.14 under the following conditions:
-	at least 1 DL subframe per radio frame of serving NB-IoT cell is available at the UE during measurement period.
8.14.2.1	NB-IoT intra frequency measurements when no DRX is used
In the RRC_CONNECTED state the measurement period for intra frequency measurements is 800ms, unless the UE is capable of NSSS-based RRM measurements and nsss-NumOccDiffPrecoders value n1 [2] is indicated by higher layers, by which the measurement period is [1600] ms. The NRSRP measurement accuracy shall be as specified in the sub-clauses 9.1.22.1.
8.14.2.2	NB-IoT intra frequency measurements when DRX is used
When DRX is used in the RRC_CONNECTED state the measurement period for intra frequency measurements is Tmeasure_intra as shown in table 8.14.2.2-1.
Table 8.14.2.2-1: Requirement for intrafrequency measurement
	DRX cycle length (s)
	Tmeasure_intra (s) (DRX cycles)

	0.256<DRX-cycle≤10.24
	Note1 (5)

	Note1:	Time depends upon the DRX cycle in use



The NRSRP measurement accuracy shall be as specified in the sub-clauses 9.1.22.1
8.14.3	NB-IoT intra frequency measurements under enhanced coverage
The requirements are specified for NB-IoT intra frequency measurements for serving NB-IoT cell. These measurements may be used by the NB-IoT for uplink power control. The measurement quantities are defined in [4], the measurement model is defined in [22] and measurement accuracies are specified in clause 9. During the RRC_CONNECTED state the UE shall continuously measure serving NB-IoT cell.
The UE shall meet all applicable requirements specified in clause 8.14 under the following conditions:
-	at least 1 DL subframe per radio frame of serving NB-IoT cell is available at the UE during measurement period.

8.14.3.1	NB-IoT intra frequency measurements when no DRX is used
In the RRC_CONNECTED state the measurement period for intra frequency measurements is 1600ms. The NRSRP measurement accuracy shall be as specified in the sub-clauses 9.1.22.1.
8.14.3.2	NB-IoT intra frequency measurements when DRX is used
When DRX is used in the RRC_CONNECTED state the measurement period for intra frequency measurements is Tmeasure_intra as shown in table 8.14.3.2-1.
Table 8.14.3.2-1: Requirement for intrafrequency measurement
	DRX cycle length (s)
	Tmeasure_intra (s) (DRX cycles)

	0.256<DRX-cycle≤10.24
	Note1 (5)

	Note1:	Time depends upon the DRX cycle in use



The NRSRP measurement accuracy shall be as specified in the sub-clauses 9.1.22.1.
8.14.4	Connected mode channel quality report for UE Category NB1
The requirements in this clause shall apply for UE supporting DL channel quality reporting for UE Category NB1 as defined in TS 36.331 [2] when triggered by the MAC-CE command as specified in TS 36.321 [17]. 
The DL channel quality provides the serving eNB with information about the minimum NPDCCH repetition level to satisfy the hypothetical NPDCCH block error rate of 1% with the parameters specified in Table 8.14.4-1.
Table 8.14.4-1: NPDCCH transmission parameters for downlink quality reporting
	Parameters
	Values

	DCI format
	Format N1

	Number of information bits (excluding CRC)
	23bits

	System bandwidth
	200kHz

	Aggregation level
	2

	DRX
	OFF



The reported NPDCCH repetition level shall be derived from the channel quality measured over the NPDCCH period which carries the uplink grant of channel quality report for measurement of DL channel quality of the configured carrier.
The NPDCCH repetition level for QualityReport specified in TS 36.321 [17] is chosen from the supported NPDCCH repetition levels [3]. The report mapping is defined in 9.1.22.15.
The UE shall satisfy the downlink channel quality measurement accuracy requirements as specified in 9.1.22.16.

8.14.5	NB-IoT intra frequency neighbour cell measurements under normal coverage
The UE shall be able to identify new intra-frequency cells and perform NRSRP (and NRSRQ) measurements of identified intra-frequency cells without an explicit intra-frequency neighbour cell list containing physical layer cell identities and without use any measurement gaps and without causing any interruption when any of following conditions are fulfilled: 
-	when the downlink radio link quality of the NB-IoT cell estimated over the last TEvaluate_Qout_NB-IoT period becomes worse than the threshold Qout_NB-IoT,
-	when an out-of-sync indication for the NB-IoT Cell is sent to the higher layers during last time duration T1.
-	when no in-sync indication for the NB-IoT Cell is sent to the higher layers during last time duration T2.
…..
8.14.6	NB-IoT intra frequency neighbour cell measurements under enhanced coverage
The UE shall be able to identify new intra-frequency cells and perform NRSRP (and NRSRQ) measurements of identified intra-frequency cells without an explicit intra-frequency neighbour cell list containing physical layer cell identities and without use any measurement gaps and without causing any interruption when any of following conditions are fulfilled: 
-	when the downlink radio link quality of the NB-IoT cell estimated over the last TEvaluate_Qout_NB-IoT period becomes worse than the threshold Qout_NB-IoT,
-	when an out-of-sync indication for the NB-IoT Cell is sent to the higher layers.
-	when no in-sync indication for the NB-IoT Cell is sent to the higher layers during last time duration T2.
…..
8.14.7	NB-IoT inter frequency neighbour cell measurements under normal coverage
The UE shall be able to identify new inter-frequency cells and perform NRSRP (and NRSRQ) measurements of identified inter-frequency cells without an explicit inter-frequency neighbour cell list containing physical layer cell identities and without using any measurement gaps and without causing any interruption when any of following conditions are fulfilled: 
-	when the downlink radio link quality of the NB-IoT cell estimated over the last TEvaluate_Qout_NB-IoT period becomes worse than the threshold Qout_NB-IoT,
-	when an out-of-sync indication for the NB-IoT Cell is sent to the higher layers.
…..
8.14.8	NB-IoT inter frequency neighbour cell measurements under enhanced coverage
The UE shall be able to identify new inter-frequency cells and perform NRSRP (and NRSRQ) measurements of identified inter-frequency cells without an explicit inter-frequency neighbour cell list containing physical layer cell identities and without using any measurement gaps and without causing any interruption when any of following conditions are fulfilled: 
-	when the downlink radio link quality of the NB-IoT cell estimated over the last TEvaluate_Qout_NB-IoT period becomes worse than the threshold Qout_NB-IoT,
-	when an out-of-sync indication for the NB-IoT Cell is sent to the higher layers.
-	when no in -sync indication for the NB-IoT Cell is sent to the higher layers during last time duration T2.

…..


Figure 1 Example way of specifying the release 17 measurement requirements

· Proposal #3: Consider the example in Figure 1 for defining the release 17 neighbor cell measurement requirements.  

Measurement accuracy:
No impact is foreseen for the measurement accuracy part (section 9.1.22) as current specification already contains both intra-frequency and inter-frequency NRSRP/NRSRQ accuracy requirements. 

· Observation 1: No impact on NRSRP/NRSRQ measurement accuracy sections.


3		Summary
In this contribution we have discussed the CONNECTED mode neighbour cell measurement requirements based on the agreements in reply LS [2]. Based on the discussions, we have made following observation and proposals:
· Proposal #1: RAN4 shall wait for RAN2 conclusions on the exact conditions for starting and stopping CONNECTED mode neighbour cell measurements. 
· Proposal #2: Release 17 intra-frequency and inter-frequency neighbor cell measurement requirements are introduced in section 8.14 of TS 36.133. 
· Proposal #3: Consider the example in Figure 1 for defining the release 17 neighbor cell measurement requirements.  
· Observation 1: No impact on NRSRP/NRSRQ measurement accuracy sections.
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