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1 Introduction
RAN4 continued to discuss RRM measurements at last RAN4 #78bis meeting. Good progress was made as numerous way forward documents were approved. One of them was on RRM measurement [1].  One of the agreements made in this way forward document concerns minimum number of inter-frequency carriers that the NB-IOT UE shall monitor. Following agreement was made: 
	· RAN4 agreed that the minimum number of inter-frequency carriers that the NB-IoT UE shall be able to monitor is [2] (excluding serving carrier)
· It is FFS whether to specify minimum number of inter-frequency carriers to monitor per deployment mode(in-band/standalone/guard-band)
· RAN4 is to define inter-frequency measurement requirements treating all carriers as normal performance carriers as in Rel-11
· IncMon framework will not be used since number carriers is expected to be small


RAN4 has, till now, only carried out studied to understand the RRM measurement performance of NB-IOT for intra-frequency measurements. However, RAN4 is to specify the RRM measurement requirements also for inter-frequency measurements. In this contribution we propose a method that can be used for deriving the inter-frequency requirements for NB-IOT. 

2 Discussions 
2.1 Background

Rel-12 category 0 RRM measurement requirements in RRC_CONNECTED state are specified in section 8.5 and Rel-13 category M1 RR measurement requirements are specified in section 8.13 of [2].  It shall be noted that these requirements were only specified for intra-frequency measurements.
The legacy LTE inter-frequency measurement requirements are specified in subclause 8.1.2.3 of [2].  It can be noted from Table 8.1.2.3.1.1-1 that the physical layer measurement period depends on several parameters, including number of inter-frequency carriers to monitor etc.
2.2 Discussions

The measurement requirements that are specified in the RAN4 are generally the minimum requirements, i.e. the requirements that are applicable in the worst case scenario. It is because of this reason that it was agreed at last RAN4 #78bis meeting that the minimum requirements will be specified based on the NRS measurement performance since it has been in simulation studies that it results in poorer accuracy than the measurement based on synchronization signals (NB-PSS/NB-SSS).
Unlike legacy LTE UE or Rel-12/13 MTC UE, the NB-IOT UE is not to report the measurements performed on the neighbor cells. The NB-IOT UE in RRC_IDLE state may use it for performing cell reselection. 
In RRC_IDLE the UE performs inter-frequency measurements during the OFF duration of the DRX or eDRX cycles. 

Therefore NB-IOT UE will not need any measurement gaps in order to measure on inter-frequency carriers in RRC_IDLE. 

Typically, in RRC_IDLE RSRP and RSRQ measurements are performed by UE taking once per DRX cycle over a certain period of time. This time period is TBD for NRSRP and NRSRQ measurements in NB-IOT. Depending on the number of measurement period and sampling rate, UE will have a certain number of sampels for non-coherent averaging. 

Only the measurement period is expected to be different for inter-frequency measurement requirements while the measurement accuracy requirements can be the same as intra-frequency. As long as the UE is able to perform the measurement with the desired sampling frequency, there should not be any impact on the accuracy levels since the cells are already known to the UE in both scenarios. 
Based on the discussions provided above, the following observations and proposals are made:

· Observation #1: Only the measurement period is expected to be different for inter-frequency measurement requirement compared to intra-frequency case while the measurement accuracy requirement can be reused. 

· Proposal #1: The inter-frequency measurement period can be derived by scaling the intra-frequency measurement period by a factor X and multiplying with the number of inter-frequency carriers to monitor. X will depend on the sampling rate used for intra-frequency measurements. 
3 Summary 
In this contribution we discuss methodology to derive inter-frequency measurement requirements using the intra-frequency measurements as baseline. Based on the discussions, we have made the following observations and proposals:
· Observation #1: Only the measurement period is expected to be different for inter-frequency measurement requirement compared to intra-frequency case while the measurement accuracy requirement can be reused. 

· Proposal #1: The inter-frequency measurement period can be derived by scaling the intra-frequency measurement period by a factor X and multiplying with the number of inter-frequency carriers to monitor. X will depend on the sampling rate used for intra-frequency measurements. 

4 References
[1]
R4-162868, "Way forward on NB-IoT RRM measurement", Huawei, HiSilicon, Qualcomm, Ericsson, Nokia, ZTE, NTT DOCOMO, CMCC
[2]
3GPP Technical Specification 36.133, “Requirements for support of radio resource management”
PAGE  
1

