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1
Introduction
In RAN4#77 in Anaheim another WF on NB-IoT was agreed in [5] stating the very basic framework for RRM requirements work for NB-IoT:
Requirements in RRC idle state:
· The following requirements in idle state need to be specified:
· Cell selection
· cell detection and cell reselection delays, which may include cell detection time and reselection evaluation time
· measurement rate/delay for cell detection and cell reselection;
· measurement accuracy(ies) of measurement(s) used for cell detection and cell reselection are FFS;
· Prioritize work on the above requirements for intra-frequency carrier in Rel-13. 
· Whether or not following requirements in RRC idle are needed depends on RAN1/2 agreements:
· The maximum interruption in paging reception.
· Inter-RAT cell-reselection requirement is not needed for NB-IOT.
Requirements in RRC connected state:
· Whether or not following requirements are needed in RRC connected state depends on RAN1/2 agreements:
· Random access requirements;
· UE transmit timing requirements;
· UE timer accuracy
· Timing advance accuracy
· Radio link monitoring requirements.
Additionally it was agreed – based on RAN2 in principle has agreed that there is no support for connected mode mobility – that:

· In RRC connected state the requirements for HO and reporting and requirements related to mobility measurements are not needed.
Of course, these agreements are subject to changes in the RAN1 and RAN2 agreements and additional requirements might occur.
In this paper, we will look at the UE cell detection and measurement delays as well as measurement rate and delay for cell detection and reselection.
2
Discussion
It has in principle been agreed, that for NB-IoT connected mode mobility is not supported. This means there will be no need to define requirements for handover, measurement reporting and requirements related to mobility measurements.

RAN4 can therefore concentrate on idle mode requirements including cell detection, measurement and reselection delays. Additionally also measurement rate and delay and reselection evaluation delay needs to be defined [5]
LTE Requirements

One way to approach NB-IoT requirements is to look at current LTE requirements and evaluate to which extend these can be used and which changes might be necessary in order to accommodate NB-IoT requirements. Changes are likely necessary due to significant changes in the physical design of NB-IoT compared to LTE.

Current LTE requirements are based on physical design of PSS, SSS and CRS transmitted in centre 6PRBs. From 36.133 following requirements are listed concerning serving cell measurement and evaluation:

The UE shall measure the RSRP and RSRQ level of the serving cell and evaluate the cell selection criterion S defined in [1] for the serving cell at least every DRX cycle.

The UE shall filter the RSRP and RSRQ measurements of the serving cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by, at least DRX cycle/2. 

If the UE has evaluated in Nserv consecutive DRX cycles that the serving cell does not fulfil the cell selection criterion S, the UE shall initiate the measurements of all neighbour cells indicated by the serving cell, regardless of the measurement rules currently limiting UE measurement activities.

If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information for 10 s, the UE shall initiate cell selection procedures for the selected PLMN as defined in [1].

Table 4.2.2.1-1: Nserv
	DRX cycle length [s]
	Nserv [number of DRX cycles]

	0.32
	4

	0.64
	4

	1.28
	2

	2.56
	2


For measurements on intra-frequency cells 36.133 states:

The UE shall be able to identify new intra-frequency cells and perform RSRP and RSRQ measurements of identified intra-frequency cells without an explicit intra-frequency neighbour list containing physical layer cell identities.

The UE shall be able to evaluate whether a newly detectable intra-frequency cell meets the reselection criteria defined in TS36.304 within Tdetect,EUTRAN_Intra when that Treselection= 0 .  An intra frequency cell is considered to be detectable according to RSRP, RSRP Ês/Iot, SCH_RP and SCH Ês/Iot defined in Annex B.1.1 for a corresponding Band.

The UE shall measure RSRP and RSRQ at least every Tmeasure,EUTRAN_Intra (see table 4.2.2.3-1) for intra-frequency cells that are identified and measured according to the measurement rules.

The UE shall filter RSRP and RSRQ measurements of each measured intra-frequency cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by at least Tmeasure,EUTRAN_Intra/2
The UE shall not consider a E-UTRA neighbour cell in cell reselection, if it is indicated as not allowed in the measurement control system information of the serving cell.

For an intra-frequency cell that has been already detected, but that has not been reselected to, the filtering shall be such that the UE shall be capable of evaluating that the intra-frequency cell has met reselection criterion defined [1] within Tevaluate,E-UTRAN_intra when Treselection = 0 as specified in table 4.2.2.3-1 provided that the cell is at least 3dB better ranked. When evaluating cells for reselection, the side conditions for RSRP and SCH apply to both serving and non-serving intra-frequency cells.

If Treselection timer has a non zero value and the intra-frequency cell is better ranked than the serving cell, the UE shall evaluate this intra-frequency cell for the Treselection time. If this cell remains better ranked within this duration, then the UE shall reselect that cell.

Table 4.2.2.3-1 : Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

	1.28
	32(25)
	1.28 (1)
	6.4 (5)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)


Baseline for Idle Mode NB-IoT Requirements

RAN2 has been discussing both UE power saving mode as well as DRX, which both may affect the RAN4 work related to idle mode requirements. RAN2 will support:

· Power Saving Mode (as per Release 12).

· Idle mode DRX cycles up to around 3 hours should be possible to support. The exact cycle length will depend on the physical layer design.

· Idle mode DRX cycles down to around one second should be supported. The exact cycle length will depend on the physical layer design. May be revisited due to impacts of repetitions. May be dependent on coverage level.

I.e. the NB-IoT may need to support idle mode DRX cycles in the interval around [1; 10800] seconds. Additionally the power saving mode may introduce even longer periods during which the device is not active. RAN4 would need to consider whether idle mode requirements would only need to cover DRX or if they would also cover power saving mode.

Observation 1: RAN4 should discuss whether idle mode requirements need to cover power saving mode in addition to DRX requirements. 
Currently RAN4 is also discussing eDRX covering DRX intervals up to and including approximately 10 seconds. For eDRX, the requirements are still under discussion but agreements from this work could be used as input to the NB-IoT requirements discussion.

Looking at existing requirements and ongoing eDRX discussion it is our view that RAN4 could use this information as baseline when discussing NB-IoT idle mode requirements. The NB-IoT requirements would of course need to be adjusted/relaxed based on the narrower operating bandwidth compared to LTE as well as the significant changes in the physical layer design.

For NB-IoT the PSS, SSS and CRS will only cover at most 1PRB while also 6 tones are under discussion in RAN1. Additionally RAN1 is discussing PSS and SSS repetitions different from LTE. One example design on the FDD frame placement for normal CP from [6] is illustrated in Figure 1.
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Figure 1 LTE FDD resource mapping for NB-IoT sync signal in normal CP
It is clear that the design is significantly different from LTE in many aspects e.g.:
· 1 PRB bandwidth is used.

· NB-PSS is repeated every 10ms

· NB-SSS is repeated every 80ms

· CRS: same design (re-use) as in LTE but less CRS REs per TTI

NB-IoT Idle Mode Requirements
Idle mode cell detection, measurement rate and accuracy will depend on the physical layer design to be decided by RAN1. Whether PSS and SSS are transmitted using 1PRB or 6 tones will affect cell detection time. Only having operation bandwidth of 1PRB will have effect on the measurement time depending on which measurement accuracy RAN4 sees necessary to achieve. Measurement time and rate will have effect on the cell detection and cell reselection delays.
Observation 2: Idle mode cell detection, measurement rate and accuracy will depend on the physical layer design.
NB-IoT includes possibility to configure the IoT device with very long DRX cycles. When discussing measurement framework RAN4 should discuss the effect of the long DRX cycles. For short DRX cycles one could assume a cell detection, measurement and reselection requirements approach resembling LTE would be possible. I.e. the requirements are relaxed according to the configured DRX cycle. On the other hand, once the DRX cycles length get very long, the approach of averaging samples over DRX cycles may start not to provide benefits – of course depending on scenario. 

Current LTE requirements (table 4.2.2.3-1) follow the configured DRX cycle and the number of DRX cycles decreases with increased DRX cycle length. Based on this one could take this as baseline also for NB-IoT requirements, and further develop the requirements according to the supported DRX cycles in NB-IoT and the achievable cell detection and measurement performance. E.g. as DRX cycle length increases the allowed delay in terms of number of DRX cycles decreases. This would still allow relaxed UE requirements for longer DRX cycles while also ensuring a reasonable delay. One example is shown in next table (numbers are just indicative):
	DRX cycle length [s]
	Tdetect,NB_IoT_Intra [s] (number of DRX cycles)
	Tmeasure,NB_IoT_Intra [s] (number of DRX cycles)
	Tevaluate,NB_OiT_intra
[s] (number of DRX cycles)

	1.28
	(25)
	1.28 (1)
	6.4 (5)

	2.56
	(23)
	2.56 (1)
	7.68 (3)

	…
	
	
	

	10.24
	(10)
	10.24 (1)
	10.24 (1)

	20.48
	(5)
	20.48 (1)
	20.48 (1)


Observation 3: In RAN4, we could use LTE requirements approach as baseline when developing NB-IoT requirements
Once the RAN1 physical layer design is ready, we can in RAN4 work more on the detailed timing requirements supported by needed simulations. During this work, RAN4 should address requirements for all supported SNR-levels and DRX cycles.
3
Conclusion
In RAN4#77 meeting RAN4 agreed on WF [5] on RRM for NB-IoT. In this paper, we have looked at the UE cell detection and measurement delays as well as measurement rate and delay for cell detection and reselection. 

We note that while the necessary decision are pending in RAN1, RAN4 could discuss the baseline approach of how to define the requirements related to serving cell measurement as well as neighbor cell detection and measurement requirements and cell reselection delays. In a similar manner as used in E-UTRAN, we observe that RAN4 could possibly use a similar approach. Of additional requirements for NB-IoT to consider in the further work are the very long DRX cycles as well as increased UE power saving requirements related to battery lifetime requirements of 10 years.

In this paper, we observe:

Observation 1: RAN4 should discuss whether idle mode requirements need to cover power saving mode in addition to DRX requirements. 

Observation 2: Idle mode cell detection, measurement rate and accuracy will depend on the physical layer design.
Observation 3: In RAN4, we could use LTE requirements approach as baseline when developing NB-IoT requirements
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