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Discussion and decision
1 Introduction
One of the key issues with NB-IoT neighbour cell measurements in RRC connected state is how to decide which neighbour cells UE should perform the measurements on. In LTE/eMTC, network configures the nieghbour cells UE should measure in RRC connected state, see MeasObjectEUTRA in [3]. There have been proposals (e.g. [5]

 REF _Ref71135659 \r \h 
 \* MERGEFORMAT [6]) for RAN to provide neighbour cells to UE to measure in RRC connected state but it is unclear how the network would decide which neighbour cells to configure.
In LTE/eMTC, the UE in RRC connected state can be configued with measurement gaps to allow for inter-frequency measurements to be done but this is not possible for NB-IoT. Furthermore, RAN4 has indicated in [4] that if the UE needs to re-tune it’s reciever to perform neighbour cell measurements then this can only be done during subframes not required for reception/transmission on dedicated channells.
This document proposes method to select neighbour cells for measurements as well as how to handle the situation where UE may require long receive duration for neighour cell measurements.

2 Discussion
There are some distinct characteristics of neighbour cell measurements in RRC connected state in NB-IoT compared to LTE/eTMC and these are:

· Connected state neighbour cell measurements only done when necessary to minimise power consumption (i.e. UE considers RLF is likely to happen before data transfer completes),
· Aperiodic measurements if receiver re-tuning required i.e. when there is sufficient gap in transmission/reception of dedicated channels,
· Serving cell measurements not reported during RRC connected state other than at start of the connection,
· Downlink CQI reported only when requested by network,
The makes it challenging for UE to perform measurements on many neighbour cells, especially if receiver re-tuning is required. For this reason it is desirable to perform neighbour cell measurements on as fewer cells as possible e.g. a few neighbour cells where receiver tuning is not needed and 1 or 2 frequencies if receiver tunning is needed. Furthermore, the time needed to detect new cells (even after excluding receiver tuning time) and/or perform NRSRP measurements may require long receives as shown in the Table 1 [4].

Table 1 NB-IoT neighbour cell measurement durations
	Coverage
	Normal Coverage
	Extended Coverage

	NPSS/NSSS – unknow cell
	80 - 1400 ms (Note)
	80 - 14800 ms (Note)

	NSSS-based NRSRP
	1600 ms
	1600 ms

	NRS-based NRSRP
	800 ms
	1600 ms

	Note: Lower value if signal quality is sufficient for cell detection.


This makes it virtually impossible in NB-IoT to perform neighbour cell measurements in RRC connected state, especially if the UE has not detected these cells before.

Observation 1: Given the time to detect new cells, it can be impossible to perform neighbour cell measurements in RRC connected.

RAN4 indicated in [4] 0 ms for known cell but this time is search duration (i.e. Tsearch_NB1-NC and Tsearch_NB1-EC) when cell is known (i.e. cell was measured no longer than 5 sec ago), which means UE does not need to perform any search or measurements and it can start selecting the cell immediately.

A UE  may have detected one or more neighbour cells during RRC idle state. If the UE in RRC connected state determines that RLF may occur soon then UE could use the one or more top neighbour cells (according to RRC idle state NRSRP measurements) to attempt measurement in RRC connected state. This can minimise the time needed to perform the measurements because:

1. UE has rough timing information of the neighbour cell

2. UE has some knowledge of the NRSRP.
Observation 2: Information for neighbour cells measured in RRC idle state can be useful to reduce time needed to perform measurements in RRC connected state.

Proposal 1: In RRC connected state, measure one or more of the neighbour cells measured in RRC idle state.

To increase the possibility of performing neighbour cell measurements as soon as possible, UE in RRC connected state can prioritise measurement on neighbour cells that do not require radio receiver re-tuning (Scenario A & C in Appendix). In this way then receiver can be simultaneously used for receiving dedicated channels (PDSCH/NPDCCH) as well as performing neighbour cell measurements.

Proposal 2: In RRC connected state, prioritise measurement on known neighbour cells that do not require receiver re-tunning.

If UE determines there are no suitable neighbour cells with same carrier as the downlink dedicated channel, then UE can use the inactivity periods (.e. use subframes where UE is not required to receive or transmit on dedicated channels) to perform neighbour measurements for known cells (i.e. cells for which UE has valid timing information).

Proposal 3: In RRC connected state, perform measurements on known neighbour cells that do require receiver tunning during subframes not required for dedicated channels.

It can be that UE has no known cells, i.e. idle mode measurements are too old to rely on, then UE may need to use long receives to perform neighbour cell measurements. In this case also, UE can prioritise measurements on cells with same frequency as downlink dedicated frequency.

Proposal 4: In RRC connected state, prioritise measurements on unknown neighbour cells that do not require receiver re-tunning.

As with the case of known cells, there may not be any unknown neighbour cells on the same frequency as the downlink dedicated channel frequency. In this case long tune-aways from dedicated receive channels will be needed to perform measurements. As can be seen from Table 1 the tune-away duration may be quite long, or may require multiple tune-aways for the same frequency to detect at least one cell. This can make it quite challenging for UE to perform such measurements during natural inactivity periods. In this case the best option is for network to relax dedicated Rx/Tx scheduling so that sufficient inactivity periods can be created for UE to perform neighbour cell measurements. Network may not know when UE intends to perform such measurements hence some indication useful from UE to network and in return network indicates when scheduling gaps are granted, example exchange depicted in Figure 1.
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Figure 1: Dynamic scheduling gaps
The granted scheduling gap can be a one or more NPDCCH periods. After the scheduling period elapses UE continues operating on dedicated channels.
Proposal 5: In RRC connected state, UE can request scheduling gaps if long tune-away is needed for neighbour cell measurements.

Proposal 6: In RRC connected state, network relaxes scheduling if UE needs long tune-away for neighbour cell measurements.

The prioritisation of idle mode neighbour cells during RRC connected state is summarised in the below.
Table 2 NB-IoT neighbour cell prioritization measurement durations
	Priority
	Neighbour cell type

	1 (Highest)
	Known on same frequency as dedicated downlink frequency

	2
	Known on different frequency as dedicated downlink frequency

	3
	Unknown on same frequency as dedicated downlink frequency

	4 (Lowest)
	Unknown on different frequency as dedicated downlink frequency


Summary

This document discussed the practical implications of performing neighbour cell measurements in RRC connected state and makes following observations.
Observation 1:
Given the time to detect new cells, it can be impossible to perform neighbour cell measurements in RRC connected.
Observation 2:
Information for neighbour cells measured in RRC idle state can be useful to reduce time needed to perform measurements in RRC connected state.


Proposal 1:
In RRC connected state, measure one or more of the neighbour cells measured in RRC idle state.
Proposal 2:
In RRC connected state, prioritise measurement on known neighbour cells that do not require receiver re-tunning.
Proposal 3:
In RRC connected state, perform measurements on known neighbour cells that do require receiver tunning during subframes not required for dedicated channels.
Proposal 4:
In RRC connected state, prioritise measurements on unknown neighbour cells that do not require receiver re-tunning.
Proposal 5:
In RRC connected state, UE can request scheduling gaps if long tune-away is needed for neighbour cell measurements.
Proposal 6:
In RRC connected state, network relaxes scheduling if UE needs long tune-away for neighbour cell measurements.


Appendix

Following table is an extract from [7].

Table 3 NB-IoT dedicated and neighbour cell frequency scenarios
	Scenario
	Serving & Neighbour cell anchor carrier frequency
	UE connected mode operating Frequency

	A
	Intra-frequency
	Anchor carrier

	B
	Intra-frequency
	Non-Anchor carrier

	C
	Inter-frequency
	Non-Anchor carrier but same as Neighbour cell Anchor carrier

	D
	Inter-frequency
	Anchor carrier

	E
	Inter-frequency
	Non-Anchor carrier but different from Neighbour cell Anchor carrier
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