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Discussion and decision
1 Introduction
During RAN2#111-e, following objective from the Release 17 work-item agreed for NB-IoT and eMTC [1] was discussed and some agreements reached :
•
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].
	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



This document considers way forward for the following FFSes:
· FFS inter-frequency

· FFS whether measurements are done on the anchor carrier

2 Discussion

2.1 Inter- and intra-frequency measurements
3GPP TS 36.300 [3] defines intra-frequency and inter-frequency neighbour cell measurements as follows:
-
Intra-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are intra-frequency measurements when the current and target cell operates on the same carrier frequency.
-
Inter-frequency neighbour (cell) measurements: Neighbour cell measurements performed by the UE are inter-frequency measurements when the neighbour cell operates on a different carrier frequency, compared to the current cell.

For NB-IoT RRC connected mode intra-frequency measurements mean the neighbour cell frequency and downlink frequency used for USS (NPDCCH) and NPDSCH is the same. For NB-IoT in RRC connected, it means intra-frequency measurements would not require gaps to switch from serving cell frequency to neighbour cell frequency [3]. 

Observation 1: For NB-IoT, intra-frequency neighbour cell measurements mean neighbour cell frequency is same as the RRC connected mode downlink frequency.

Observation 2: For NB-IoT, intra-frequency neighbour cell measurements do not require gaps in reception of downlink dedicated channels.

For NB-IoT RRC connected mode inter-frequency measurements mean the neighbour cell frequency and downlink frequency used for USS (NPDCCH) and NPDSCH are not the same. For NB-IoT in RRC connected, it means intra-frequency measurements would require gaps to switch from serving cell frequency to neighbour cell frequency [3]. 
Observation 3: For NB-IoT, inter-frequency neighbour cell measurements mean neighbour cell frequency is not same as the RRC connected mode downlink frequency.

Observation 4: For NB-IoT, inter-frequency neighbour cell measurements will require gaps in reception of downlink dedicated channels.

As NB-IoT is half-duplex hence UE can not do any measurements while it is transmitting on PUSCH.

Observation 5: For NB-IoT, intra- and inter-frequency neighbour cell measurements cannot be done while UE is transmitting on uplink dedicated channels.

Proposal 1: For NB-IoT, intra-frequency neighbour cell measurements mean downlink dedicated channel and neighbour cell are on the same frequency.
Proposal 2: For NB-IoT, inter-frequency neighbour cell measurements mean downlink dedicated channel and neighbour cell are on different frequencies.
Proposal 3: For NB-IoT, inter-frequency neighbour cell measurements cannot be done while UE is receiving/transmitting on dedicated channels.
2.2 Cell detection and measurement

To detect a NB-IoT cell, UE needs to receive synchronisation signals, NPSS & NSSS, and these signals are expected to be only on the anchor carrier [3].

Observation 6: In NB-IoT, for cell detection UE needs to receive synchronization signals transmitted on the anchor carrier of the neighbour cell.

To check cell selection criterion for the detected cell, both the NRSRP and NRSRQ measurements are needed and this means UE needs be receive NRS. For neighbour cells UE does not know operationModeInfo, therefore UE assumes NRS in the following subframes [4]:

-
for FDD #0, #4 & #9 not containing NSSS. 
-
for TDD #9 & #0 not containing NSSS. 
Network is only mandated to transmit NRS in the above subframes on anchor carrier. 

There are also other reasons why UE needs to measure NRS on the anchor carrier of the neighbour cell:

· For cell selection UE needs to receive MIB-NB and SIB1-NB and both of these are broadcasted on anchor carrier. Furthermore, there are other SIBs UE needs before accessing the cell (e.g. SIB2-NB, optionally SIB22-NB, optionally SIB14-NB) and these are also broadcasted on anchor carrier.
· Although NRS can be received from non-anchor carrier but this is not guaranteed (i.e. it may be only sent when a paging message is sent). Furthermore, UE does not know the offset (nrs-PowerOffsetNonAnchor) between anchor and non-anchor carrier NRS hence UE cannot rely on non-anchor carrier NRSRP.
· There is no way for UE to know which anchor carrier is associated with the non-anchor carrier therefore it is not much use for UE to measure NRS on non-anchor carrier if it can’t then read MIB-NB and other SIBs.
Observation 7: NRS reception on non-anchor carrier is not useful for cell selection.

Proposal 4: For NB-IoT, intra-and inter-frequency neighbour cell detection is performed on the anchor carrier.
Proposal 5: For NB-IoT, intra- and inter-frequency neighbour cell NRSRP and NRSRQ estimations are performed on NRS transmitted on anchor carrier.

Summary

This document provides way forward for the following FFSes:

· FFS inter-frequency

· FFS whether measurements are done on the anchor carrier

Observation 8: 
For NB-IoT, intra-frequency neighbour cell measurements mean neighbour cell frequency is same as the RRC connected mode downlink frequency.

Observation 9: For NB-IoT, intra-frequency neighbour cell measurements do not require gaps in reception of downlink dedicated channels.

Observation 10: 
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For NB-IoT, inter-frequency neighbour cell measurements mean neighbour cell frequency is not same as the RRC connected mode downlink frequency.

Observation 11: For NB-IoT, inter-frequency neighbour cell measurements will require gaps in reception of downlink dedicated channels.

Observation 12: 
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For NB-IoT, intra- and inter-frequency neighbour cell measurements cannot be done while UE is transmitting on uplink dedicated channels.

Observation 13: 
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In NB-IoT, for cell detection UE needs to receive synchronization signals transmitted on the anchor carrier of the neighbour cell.

Observation 14: 
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NRS reception on non-anchor carrier is not useful for cell selection.

Proposal 6: 

For NB-IoT, intra-frequency neighbour cell measurements mean downlink dedicated channel and neighbour cell are on the same frequency.

Proposal 7: 
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For NB-IoT, inter-frequency neighbour cell measurements mean downlink dedicated channel and neighbour cell are on different frequencies.

Proposal 8: 

 LINK Word.Document.8 "C:\\Users\\mdhanda\\OneDrive - Qualcomm\\Documents\\3GPP\\RAN\\RAN2\\RAN2 #112\\QC\\R17\\L1702 - Connected mode Ncell measurement\\R2-2009789 Way forward for connected mode neighbor cell measurement in NB-IoT.doc" "OLE_LINK9" \a \h 
For NB-IoT, inter-frequency neighbour cell measurements cannot be done while UE is receiving/transmitting on dedicated channels.

Proposal 9: 
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For NB-IoT, intra-and inter-frequency neighbour cell detection is performed on the anchor carrier.

Proposal 10: 
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For NB-IoT, intra- and inter-frequency neighbour cell NRSRP and NRSRQ estimations are performed on NRS transmitted on anchor carrier.
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