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Discussion and decision
1 Introduction
During RAN2#111-e and RAN2#112-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
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) 



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.

3GPP TS 36.300 [3] also goes on to define for which scenarios a gap assistance may be needed for (inter- or intra-frequency) neighbour cell measurements and this is summarised in Table 1. Note, some UE implementations may not require gap.
Table 1 In LTE, scenarios require gap assistance
	Scenario
	S & N cell centre frequency
	Ncell bandwidth
	UE operating Frequency
	Gap Required?

	A
	Same
	Same
	Centre
	No

	B
	Same
	Smaller
	Centre
	No

	C
	Same
	Lager
	Centre
	No

	D
	Different
	Smaller
	Centre
	Yes

	E
	Different
	Larger
	Centre
	Yes

	F
	Different
	Same
	Centre
	Yes

	G
	Same
	Same
	Not Centre
	Yes


The current specification effectively states that whenever UE needs to ‘change its receiver center frequency’ to perform neighbour cell measurements while it is in RRC_CONNECTED state UE may need gaps. These gaps are needed because during this receiver change, UE could not continue to receive (and possibly transmit) on dedicated channels. Such receiver change needs to happen immediately before & after neighbour cell measurements.

In NB-IoT, all carriers have the same channel bandwidth i.e. 180kHz hence some of the scenarios in Table 1 do not apply. The possible scenarios applicable to NB-IoT are shown in Figure 1. 
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 Figure 1 Possible frequency configurations for serving cell, neighbor cell and UE connected mode
For NB-IoT, Table 2 shows for which scenarios gaps are needed to perform neighbour cell measurements during RRC_CONNECTED state.

Table 2 In NB-IoT, scenarios require gap assistance
	Scenario
	S & N cell centre frequency
	UE connected mode operating Frequency
	Gap Required?

	A
	Same
	Anchor
	No

	B
	Same
	Non-Anchor
	Yes

	C
	Different
	Non-Anchor

(same as N cell anchor)
	No

	D
	Different
	Anchor
	Yes

	E
	Different
	Non-Anchor

(different from N cell anchor)
	Yes


For NB-IoT RRC_CONNECTED state, ‘gaps’ are required whenever neighbour cell frequency is different from the downlink dedicated channel frequency. It is not expected network will configure these ‘gaps’ but UE receiver will need to be reconfigured to the frequency of the neighbour cell to perform the measurements (e.g. NRSRP, NRSRQ, detection) and then reconfigure receiver back to the downlink dedicated channel frequency. The consequence of this such ‘gaps’ may be needed in NB-IoT for inter-frequency and intra-frequency measurements depending on downlink dedicated channel frequency.
Observation 1: UE may need to retune its receiver whenever it performs measurements on a neighbour cell with different centre frequency than the centre frequency of the downlink dedicated channels hence cause interruptions to data transfer.

The measurement timing and accuracy requirements for inter-frequency and intra-frequency are defined for cell reselection in RRC_IDLE [4]. Furthermore, measurement requirements for serving cell in RRC_CONNECTED are also defined. In the absence of any RRC_CONNECTED mode requirements for intra- & inter-frequency neighbour cell measurements and for the purpose of evaluating solutions for this WID objective, RAN2 can assume the RRC_IDLE state requirements for RRC_CONNECTED state.
Proposal 1: For NB-IoT, RAN2 assume intra- and inter-frequency neighbor cell requirements defined for RRC_IDLE can be applied in RRC_CONNECTED state.

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

To check cell selection criterion for the detected cell the NRSRP and optionally NRSRQ measurements are needed and this means UE needs to receive NRS. For neighbour cells UE does not know operationModeInfo therefore UE assumes NRS is 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 3: NRS reception on non-anchor carrier of the neighbour cell is not useful for cell selection for RRC re-establishment.

Proposal 2: For NB-IoT, intra-and inter-frequency neighbour cell detection is performed on the anchor carrier.
Proposal 3: 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 1:
UE may need to retune its receiver whenever it performs measurements on a neighbour cell with different centre frequency than the centre frequency of the downlink dedicated channels hence cause interruptions to data transfer.
Observation 2:
In NB-IoT, for cell detection UE needs to receive synchronization signals transmitted on the anchor carrier of the neighbour cell.
Observation 3:
NRS reception on non-anchor carrier is not useful for cell selection.


Proposal 1:
For NB-IoT, RAN2 assume intra- and inter-frequency neighbor cell requirements defined for RRC_IDLE can be applied in RRC_CONNECTED state.
Proposal 2:
For NB-IoT, intra-and inter-frequency neighbour cell detection is performed on the anchor carrier.
Proposal 3:
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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