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Introduction
It is expected that the channel variations in NR can be both faster and more severe than for example in LTE due to the lower dispersion at high frequencies [1]. This is also depicted in Figure 1, which shows a UE route in a deployment employing a large-array grid of beams.
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[bookmark: _Ref411940929]Figure 1 Average SINR variations for a UE. Practical geometry is the SINR with normal mobility and ideal is the optimal beam choice. 
Note the deeper dips that indicate a sudden deterioration of the serving beam SINR due to shadowing, e.g. in “around the corner” situations. The serving beam SIR may drop by over 20 dB within 5-10 ms. Such occasional drops will be unavoidable at 10-30 GHz and they must be handled by mobility algorithms.
This means measurements for handover may be even more important for NR than in for example LTE. Typically, handover measurements are averaged in time and relatively slow in order to avoid ping-pong effects. In LTE the intra frequency handover measurements period is 200ms and inter frequency measurements period is 480 ms [2]. These handover measurements (RSRP, RSRQ) may be too slow to be able to react to the sudden channel changes in NR. Also, the requirement for NR is to have an ultra-reliable connection and aim for a very low data interruption when a handover is performed. One way to overcome this is to use multi-connectivity (MC) solutions such as NR multi-connectivity and LTE-NR tight integration. 
This paper discusses RRC measurement configurations for different measurement periods for both intra and inter frequency handover. This allows both faster measurements for some UEs which need to react fast and also slower measurement periods for other UEs which may need to save battery etc.
Note that in addition to the measurement period there is also the time-to-trigger timer, i.e. the time the UE shall wait until the actual measurement report shall be sent.
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Handover measurements
In [3] is stated that “the UE reports measurement information in accordance with the measurement configuration as provided by E-UTRAN. E-UTRAN provides the measurement configuration applicable for a UE in RRC_CONNECTED by means of dedicated signalling, i.e. using the RRCConnectionReconfiguration message”. 
Intra-frequency measurements
Further on, from, For the case of E-UTRAN intra frequency measurements when no DRX is used it is stated in [2], section 8.1.2.2.1.1 that: “In the RRC_CONNECTED state the measurement period for intra frequency measurements is 200 ms. When no measurement gaps are activated, the UE shall be capable of performing RSRP, RSRQ, and RS-SINR measurements for 8 identified-intra-frequency cells, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of 200 ms.”. Thus, if no gaps for inter frequency measurements are defined, up to 8 cells shall be measured within 200 ms.
From [2] , section 8.1.2.2.1.2, E-UTRAN intra frequency measurements when DRX is used: “When DRX is used in the RRC_CONNECTED state the measurement period for intra frequency measurements is Tmeasure_intra as shown in table 8.1.2.2.1.2-2.”
Table 8.1.2.2.1.2-2: Requirement to measure FDD intrafrequency cells
	DRX cycle length (s)
	Tmeasure_intra (s) (DRX cycles)

	≤0.04
	0.2 (Note1)

	0.04<DRX-cycle≤2.56
	Note2 (5)

	Note1: Number of DRX cycle depends upon the DRX cycle in use
Note2: Time depends upon the DRX cycle in use



Thus, the physical layer measurement period also increases in proportion to the DRX cycle for DRX cycles larger than 40 ms for intra-frequency case.
Inter-frequency measurements
From [2] (section 8.1.2.3.1.1) it can be found that: “When measurement gaps are scheduled for FDD inter frequency measurements, or the UE supports capability of conducting such measurements without gaps, the UE physical layer shall be capable of reporting RSRP, RSRQ, and RS-SINR measurements to higher layers with measurement accuracy as specified in sub-clauses 9.1.3.1, 9.1.3.2, 9.1.6.1, 9.1.6.2, 9.1.17.3.1 and 9.1.17.3.2, respectively, with measurement period given by table 8.1.2.3.1.1-1.
Table 8.1.2.3.1.1-1: Measurement period and measurement bandwidth
	Configuration
	Physical Layer Measurement period: TMeasurement_Period _Inter_FDD [ms] (normal performance)
	Physical Layer Measurement period: TMeasurement_Period _Inter_FDD [ms] (reduced performance)
	Measurement bandwidth [RB]

	
0
	480 x Kn x Nfreq,n
	480 x Kr x Nfreq,r
	6

	1 (Note)
	240 x Kn x  Nfreq,n
	240 x Kr x  Nfreq,r
	50

	Note: This configuration is optional



The UE shall be capable of performing RSRP, RSRQ, and RS-SINR measurements of at least 4 inter-frequency cells per FDD inter-frequency for up to 3 FDD inter-frequencies or 8 FDD interfrequencies if the UE supports Increased UE carrier monitoring E-UTRA and the UE physical layer shall be capable of reporting RSRP, RSRQ, and RS-SINR measurements to higher layers with the measurement period defined in Table 8.1.2.3.1.1-1.”
And when DRX is used from [2] (8.1.2.3.1.2): “When DRX is used, Tmeasure_inter is as defined in Table 8.1.2.3.1.2-2”
Table 8.1.2.3.1.2-2: Requirement to measure FDD interfrequency cells
	DRX cycle length (s)
	Tmeasure_inter (s) (DRX cycles) (normal performance)
	Tmeasure_inter (s) (DRX cycles) (reduced performance)

	≤0.08
	Non DRX Requirements in clause 8.1.2.3.1.1 are applicable
	Non DRX Requirements in clause 8.1.2.3.1.1 are applicable

	0.08<DRX-cycle≤2.56
	Note (5*Kn*Nfreq,n)
	Note (5*Kr*Nfreq,r)

	Note: Time depends upon the DRX cycle in use



This basically means that the time to measure inter frequency cells are 480 ms, which furthermore increases linearly with the number of carrier frequencies that has to be measured. Further on, the physical layer measurement period also increases in proportion to the DRX cycle for DRX cycles larger than 80 ms for inter-frequency case.
In order to achieve an ultra-reliable NR connection for high frequencies there should be a possibility in NR to make both the intra and inter frequency measurements faster than in LTE. However, measurements are not for free and consumes hardware resources and increases the battery consumption for the UE. Therefore, it should be possible to have several different measurement configurations where only a few UEs need to perform fast measurements while the others can have a slower measurement period. For faster measurements one either has to accept lower accuracy or additional RS overhead by network. Another option is to mandate measurements over a wider bandwidth than normal in order to achieve better accuracy in shorter time. To minimize the UE requirements, the faster measurements may be performed only on a smaller sub-set of the best cells than what is the default.
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Multi connectivity
This section handles measurements for both the LTE+NR and NR+NR cases. The difference between the DC/Multi-connectivity solutions and a normal handover is that the UE is synchronized to more than one node at the same time. Using the 3C bearer split alternative, it is possibly for the MeNB to rather quickly switch the UP data to the best node and avoid nodes with (temporary) bad connection. This can be especially beneficial for users at the cell-edge. However, in order to benefit from this fast switch of UP data, it is necessary for the MeNB to get knowledge of the other (SeNB) nodes connection on a relatively fast time basis. One alternative, is that the UE includes the extended information from the SeNB in the CSI report to the MeNB. It would further be preferable if the reporting intervals of the extended information would be configurable. Note that these extended measurements will probable used together with the flow control between MeNB and SeNB.
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Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	Investigate the feasibility to introduce faster handover measurements for both intra and inter frequency handover
Proposal 2	Investigate measurement configurations for different measurement periods for both intra and inter frequency handover
Proposal 3	Investigate the need for faster measurements in dual connectivity/multi-connectivity scenarios
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