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1
Introduction
In RAN4#78 meeting in Malta, a WF on NB-IoT was agreed in [8] on proposals on further studies in RAN4 for NB-IoT RRM requirements work including:
· UE measurement capability

· RAN4 is to discuss at next meeting UE measurement capability, i.e. number of inter-frequency carriers for which RAN4 requirements are defined. 
· For long DRX in NB-IOT, RAN4 is to investigate whether the eDRX requirements can be reused. 
· RAN4 is to discuss the minimum number of intra-frequency neighbor cells the NB-IOT UE is able to monitor. Following options have been proposed
In this paper, we discuss the UE requirements when in DRX, UE measurement capability and address the number of cells the UE would need to be able to monitor.
2
Discussion
RAN1 has progressed the on the physical design and following figures can be regarded as baseline for synchronization signals NB-PSS and NB-SSS (NB-SSS design is not fully completed and illustrated repetition period is only indicative) and the NB-RS – when the UE has knowledge of valid and invalid DL subframes.

[image: image1.emf]01234567890123456789012345678901234567890

NB-PSS

NB-SSS

10ms

20ms


Figure 1 Illustration of the NB-IoT synchronisation signals assuming NB-SSS repetition of 20ms.
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Figure 2 Illustration of NB-PSS, NB-PSS and NB-RS in stand-alone NB-IoT.
NB-RS resource mapping within a subframe is also stable. When it comes to more general discussion on measurements and neighbour measurements one has to consider which assumption that can be made on UE side when performing measurements. RAN1 has decided also following:
· In cell-specific valid DL PRB pairs, a NB-IoT UE may assume that NB-RS is present
· In cell-specific invalid DL PRB pairs, a NB-IoT UE shall not expect NB-RS
· In the PRB pair to carry NB-PSS and NB-SSS, a NB-IoT UE shall not expect NB-RS
· For in-band operation, in NB-IoT carrier, a UE without a valid configuration of the cell-specific valid DL subframes may assume NB-RS is transmitted in subframes #0 and #4 and in subframe #9 if it does not contain NB-SSS
· For guard-band and stand-alone operation, in NB-IoT carrier, a UE may assume NB-RS is transmitted in all subframes except for NB-PSS and NB-SSS
Which means that for inband deployment - before the UE has knowledge about neighbour cells valid configuration of the cell-specific valid DL subframes it may assume NB-RS is transmitted in subframes #0 and #4 and in subframe #9 if it does not contain NB-SSS. This is illustrated in figure 3.

[image: image3.emf]01234567890123456789012345678901234567890

NB-RS

NB-PSS

NB-SSS

10ms

40ms


Figure 3 Illustration of NB-PSS, NB-PSS and NB-RS in inband NB-IoT when UE has no information on valid DL subframes.
The details regarding how this is signalled to the UE is still undecided except it will most likely have to be in a SIB message. Depending on how the measurement requirements works progresses here in RAN4 such NB-RS assumption restriction could impact e.g. time spent by the UE for performing measurements.
In RAN4, we concentrate on idle mode requirements. Including cell detection, measurement and reselection delays, measurement rate and delay and reselection evaluation delay needs to be defined [5]. Additionally RAN4 should also discuss – which signals to be used when defining the requirements – of course still awaiting RAN1 design decisions.
2.1

Baseline for Idle Mode NB-IoT Requirements
In last meeting, it was agreed that RAN4 will not define requirements for power saving mode. RAN4 also discussed whether eDRX covering DRX intervals up to and including approximately 40 minutes could be used as baseline in NB-IoT. The eDRX, requirements were agreed in last meeting and we think this work could be used as input to the NB-IoT requirements discussion.

However, it seems that the details of the paging procedures is still not fully decided in RAN2 at this moment [9]. As the currently agreed eDRX requirements relies on the PTW RAN4 would need to wait defining details. When discussing the details of the requirements we wold also have to take into account the outcome from the coming cell detection simulation work as well as the ongoing measurement simulation work and conclusion as this will potentially impact the requirements.

Observation 1: Idle mode cell detection, measurement rate and accuracy will depend on the final physical layer design. 

Observation 2: Current idle mode requirements (DRX and eDRX) are based on cell detection and measurement performance related to LTE physical design

Observation 3: NB-IoT cell detection and measurement performance will depend on NB-IoT physical design

Based on the observation we think it would most likely be possible to use the existing LTE idle mode cell selection and cell reselection requirements framework also for NB-IoT.

Proposal 1: Use the existing LTE idle mode cell selection and cell reselection requirements framework also for NB-IoT

Having made this proposal, we also expect that the numbers within the existing LTE DRX/eDRX requirements will need to be pending the outcome of the ongoing simulation work as well as final RAN1 decision on NB-SSS and RAN2 decision on paging.
Proposal 2: The detailed requirements for cell detection and measurements are left open pending outcome of pending RAN1 and RAN2 decision as well as ongoing simulation work.

2.2 UE measurement capability

Addressed also was the issue of the measurement capability – i.e. number of inter-frequency carriers the UE shall be able to monitor. Current requirements, which most will be baseline for the discussion assumes IncMon is supported and that the UE support 3 inter-frequency carriers in NPG and in all up to 8 carriers (per FDD or TDD) and at least 13 carriers in all.
When discussing the number of carrier to be monitored by an NB-IoT device it would be important to consider the cost. Both in terms device complexity and cost but also in terms of measurement effort on device and power consumption spent performing inter-frequency measurements.
Observation 4: The number of carrier to be monitored by an NB-IoT device would affect the device cost.

Additionally it would be necessary to consider the network need for being able to configure the UE to perform enough and suitable inter-frequency measurements based on the intended deployment scenario.
Observation 5: The network need for being able to configure the UE to perform suitable inter-frequency measurements needs to be considered.

It seems reasonable to discuss whether it would be necessary to require full IncMon requirements to be adopted as inter-frequency requirements for an NB-IoT device or not.
Proposal 2: Discuss whether it would be necessary to require full IncMon requirements for an NB-IoT device.

2.3 Number of intra-frequency cells

Current E-UTRAN idle mode intra-frequency requirements does not include requirements concerning minimum number of cells that the UE shall be able to monitor.
Observation 6: Current E-UTRAN requirements does not include requirements concerning minimum number of intra-frequency cells.

There are of course requirements to serving cell measurement – which would also be necessary for NB-IoT adjusted according to NB-IoT physical design as well as cell detection and measurement performance simulation results.

Additionally there are requirements related to measurement of intra-frequency neighbour E-UTRAN cells including both cell detection delay as well as measurement delay requirements.

We think a similar baseline could be used when defining the intra-frequency NB-IoT requirements.

Proposal 3: E-UTRAN baseline could be used when defining the intra-frequency NB-IoT requirements.
3
Conclusion
In RAN4#78 meeting RAN4 agreed on WF [8] on RRM for NB-IoT. In this paper, we have looked at some of the points raised in the WF. More specifically we discuss the UE requirements when in DRX, UE measurement capability and address the number of intra-frequency cells the UE would need to be able to monitor. 

Based on the discussion we draw a number of observations and have 3 proposals for discussion.

Observation 1: Idle mode cell detection, measurement rate and accuracy will depend on the final physical layer design. 

Observation 2: Current idle mode requirements (DRX and eDRX) are based on cell detection and measurement performance related to LTE physical design

Observation 3: NB-IoT cell detection and measurement performance will depend on NB-IoT physical design

Proposal 1: Use the existing LTE idle mode cell selection and cell reselection requirements framework also for NB-IoT

Proposal 2: The detailed requirements for cell detection and measurements are left open pending the outcome of RAN1 and RAN2 decision as well as ongoing simulation work.

Observation 4: The number of carrier to be monitored by an NB-IoT device would affect the device cost.

Observation 5: The network need for being able to configure the UE to perform suitable inter-frequency measurements needs to be considered.

Proposal 2: Discuss whether it would be necessary to require full IncMon requirements for an NB-IoT device.

Observation 6: Current E-UTRAN requirements does not include requirements concerning minimum number of intra-frequency cells.

Proposal 3: E-UTRAN baseline could be used when defining the intra-frequency NB-IoT requirements.
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