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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In [1], it was agreed that UE may use per-UE gap or per-FR gap to monitor the multiple frequency layers. As we know, in new radio (NR) system, all reference signals for SSB-based RRM are confined within SMTC window duration, and the SMTC periodicity is one of the value among {5, 10, 20, 40, 80, 160} msec. 
Agreements in RAN1 # 91:
· SMTC window duration:
Both for inter-/intra- frequency measurements, the candidate values are {1,2,3,4,5} msec
· SMTC periodicity:
Both for inter-/intra-frequency measurements, the candidate values are {5, 10, 20, 40, 80, 160} msec



     


Consider that the MGRP is also one of the value among {20, 40, 80, 160}msec [2], It is obvious that UE might not be able to observe all frequency layers in a single gap occasion. Therefore, the scheduling of choosing the suitable inter-frequency layer in each gap is needed, and will definitely affect the reporting delay. In this paper, we provide our view on inter-frequency measurement requirement and some evaluation results of inter-frequency measurement scheduling. 
2	Discussion 
In intra-frequency measurement, UE is assumed to monitor the serving cell frequently. However, in inter-frequency measurement, all frequency layers take turns sharing the measurement gap. Therefore, an inter-frequency layer is measured less frequently than intra-frequency layers. UE may only measure a certain frequency layer once in a while. 


Figure 1: Example of inter-frequency measurement.

[bookmark: _GoBack]As shown in Figure 1, the receive power between two sample occasions could be very dynamic, which makes the AGC tuning is very challenging. Therefore, comparing to the intra-frequency measurement, UE needs more opportunities to conduct the AGC gain settling. We propose
[bookmark: _Ref503801807]Proposal 1: RSRP inter-frequency measurement requirement is specified based on 6 samples. One more sample is to leave enough margin for AGC gain settling. 

Currently, most of the companies agree that the reporting delay of measurement basically depend on the SMTC periodicity and MGRP, e.g., max(MRGP, SMTC period). However, when UE monitor multiple frequency layers, the offset of SMTC should be also taken into account. In Figure 2(a), we show the cases that MGRP is 40ms, and there are 3 measurement objects (MOs) to be measured. Though MO#1 and MO#2 have the same periodicity, UE needs more time to complete the measurement for MO#1 than that of MO#2, because MO#1 needs to share gap occasions with MO#3. How the gap is shared to MO#3 will determine the time needed to complete the measurements for both MO#1 and MO#3. 
 


Figure 2: Example of inter-frequency measurement with three measurement objects.
On the other hand, as shown in Figure 2(b), when SMTC periodicity and offset of two MOs are the same, it means that this two MOs have similar priorities. Therefore, we suggest that SMTC offset should also be considered when we specify the inter-frequency measurement period, and we propose 
[bookmark: _Ref503462959]Proposal 2 : Measurement objects with same SMTC periodicity and offset should share the same delay requirement.
3	Evaluation of Scheduling Method
Considering that different scheduling method of inter-frequency measurement will come out different measurement time, we provide some preliminary evaluation results in this section. Assume that MGRP is 40ms with gap offset 0, there are 7 effective settings of SMTC periodicity and offset, shown in Table 1. Here, an effective SMTC setting means the SMTC occasions are always covered by gap. In our evaluation, there are 3 MOs to be measured and the total case number is 73=343. 
Table 1: Effective setting of SMTC periodicity and offset when MGRP is 40ms
	Setting
	SMTC

	
	Periodicity
	Offset

	1
	40
	0

	2
	80
	0

	3
	
	40

	4
	160
	0

	5
	
	40

	6
	
	80

	7
	
	120



For each MO, we use a metric IMOi to represent its priority for inter-frequency measurement. This metric comprehensively consider several factors, such as the SMTC periodicity of this MO, the measurement requirement and how many samples we already get for this MO, etc. As we mention before, it is not guaranteed that all frequency layers can be observed in a single gap occasion. (There could be some gap occasions cover none of the SMTC occasions of all MOs.) In some gap occasions, if only one MO exist, it means that UE have no other choice but only can measure this MO. However, in some other gap occasions, when more than one MOs exist, the MO has largest metric IMOi will be measured. The completely evaluation results are shown in Appendix, only part of results and the histogram are collected in this section.

Table 2: Part of evaluation results when MGRP is 40ms, and there are 3 MOs to be measured.
	
	MO1
	MO2
	MO3
	NMax
	Gused

	Case
	Period
	Offset
	NMO1
	Period
	Offset
	NMO2
	Period
	Offset
	NMO3
	
	

	1
	40
	0
	16
	40
	0
	17
	40
	0
	18
	18
	1

	10
	40
	0
	14
	80
	0
	9
	80
	40
	9
	14
	2/3

	82
	80
	0
	6
	160
	40
	11
	160
	40
	12
	12
	1/3

	84
	80
	0
	6
	160
	40
	6
	160
	120
	6
	6
	1/3



In Table 2, part of evaluation results are shown. Here, we first define the meaning of valid gap of an MO, which denotes the gap that covers the SMTC occasion of particular MO, so that UE can conduct measurement of this MO in this gap occasion. The concept of valid gap is shown in below figure 3. We can also further define the valid gap periodicity as max(MRGP, (SMTC period)i ), where i=1,2,… is the index for particular MO. 
[image: ]
Figure 3: Valid gap of an MO.

However, not all valid gaps for a MO are usable because we sometimes need to share the gap to other MOs when the valid gap collide for multiple MOs, e.g., MO#1 and MO#3 in Figure 2(a). Therefore, the actually number of valid gap required to compete the measurement could be larger than the number of sample needed. Denote NMOi the actually valid gaps number that is needed for accumulate 6 samples for MOi. Besides, NMax is the maximum values out of NMOi, i=1,2,3. It denotes the maximal latency that UE needs to complete the measurement in this case. The ratio of NMOi/6 somehow tells us how to choose Nfreq in the requirement for a certain case.
[image: cid:image005.jpg@01D3A3F0.872C1CD0]
Figure 4: The histogram of maximal required valid gap number NMax among 343 cases.

In Figure 4, the statistical results of maximal required valid gap number among 3 MOs are shown. We can see that in some cases NMax is far lower than 18, which means there are some margin between the actually time needed by UE and the requirement scaled by Nfreq =3 . But there are also some cases that need NMax closed to 18. Therefore, simply using Nfreq to scale the delay requirement for all cases may not be a good solution. 

Besides, if we take cases 10 and 82 in Table 2 for example, the NMax is approximately equal to twice of the required sample number (i.e. 6), but their NMOi might be merely equal to the required sample number. Therefore, we can conclude that
[bookmark: _Ref506221290]Observation 1: Simply using Nfreq to scale the delay requirement may not be a good solution.
[bookmark: _Ref503464233]Proposal 3: Companies are encouraged to provide the view on grouping rule for measurement objects in the inter-frequency measurement requirement.  

We also show the gap used ratio Gused, which is the ratio “number of gap occasions that UE actually used in the measurement process, divide to the total number of gap occasions“. The statistical results of gap used ratio Gused is provided in Figure 5. We can see that the gap occasions are not fully utilized in most of the case. The unused gap occasions might be caused by 
· Inappropriate configuration of MOs, i.e. there is no SMTC occasion exist in that gap, 
· The requirement provides a too wide margin than the actual time UE needs to collect sufficient number of samples for all MOs. Note that the results are based on the assumption that Nfreq × 6 is used as the requirement of inter-frequency measurement. For particular MO, before the time of Nfreq × 6 valid gap occasions is expired, the valid gap becomes useless if UE already obtain 6 samples for reporting. 
· UE side scheduling algorithm on MO selection
Therefore, NW configuration, UE scheduling method and requirement of inter-frequency measurement would all affect the gap used ratio. 
[image: cid:image001.jpg@01D3A422.BE4C2160]
Figure 5: The histogram of gap used ratio Gused among 343 cases.
[bookmark: _Ref506224390]Observation 2: The gap used ratio would be affected by NW configuration, UE scheduling method and requirement of inter-frequency measurement.
4	Summary 
In this contribution, we observe that
Observation 1: Simply using Nfreq to scale the delay requirement may not be a good solution.
Observation 2: The gap used ratio would be affected by NW configuration, UE scheduling method and requirement of inter-frequency measurement.
And we propose
Proposal 1: RSRP inter-frequency measurement requirement is specified based on 6 samples. One more sample is to leave enough margin for AGC gain settling. 
Proposal 2 : Measurement objects with same SMTC periodicity and offset should share the same delay requirement. 
Proposal 3: Companies are encouraged to provide the view on grouping rule for measurement objects in the inter-frequency measurement requirement.  
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6	Appendix A

Table 3: The evaluation results when MGRP is 40ms, and there are 3 MOs to be measured.
	Case
	MO1
	MO2
	MO3
	NMax
	Gused

	
	Period
	Offset
	NMO1
	Period
	Offset
	NMO2
	Period
	Offset
	NMO3
	
	

	1
	40
	0
	16
	40
	0
	17
	40
	0
	18
	18
	1

	2
	40
	0
	14
	40
	0
	16
	80
	0
	15
	16
	5/6

	3
	40
	0
	15
	40
	0
	16
	80
	40
	15
	16
	5/6

	4
	40
	0
	14
	40
	0
	15
	160
	0
	9
	15
	3/4

	5
	40
	0
	13
	40
	0
	15
	160
	40
	9
	15
	3/4

	6
	40
	0
	13
	40
	0
	14
	160
	80
	9
	14
	3/4

	7
	40
	0
	13
	40
	0
	14
	160
	120
	9
	14
	3/4

	8
	40
	0
	14
	80
	0
	15
	40
	0
	16
	16
	5/6

	9
	40
	0
	10
	80
	0
	14
	80
	0
	15
	15
	2/3

	10
	40
	0
	14
	80
	0
	9
	80
	40
	9
	14
	2/3

	11
	40
	0
	10
	80
	0
	13
	160
	0
	9
	13
	7/12

	12
	40
	0
	12
	80
	0
	8
	160
	40
	8
	12
	7/12

	13
	40
	0
	10
	80
	0
	13
	160
	80
	8
	13
	7/12

	14
	40
	0
	13
	80
	0
	9
	160
	120
	7
	13
	7/12

	15
	40
	0
	15
	80
	40
	14
	40
	0
	16
	16
	5/6

	16
	40
	0
	14
	80
	40
	9
	80
	0
	9
	14
	2/3

	17
	40
	0
	11
	80
	40
	13
	80
	40
	14
	14
	2/3

	18
	40
	0
	11
	80
	40
	8
	160
	0
	8
	11
	7/12

	19
	40
	0
	11
	80
	40
	12
	160
	40
	8
	12
	7/12

	20
	40
	0
	13
	80
	40
	8
	160
	80
	7
	13
	7/12

	21
	40
	0
	11
	80
	40
	13
	160
	120
	7
	13
	7/12

	22
	40
	0
	14
	160
	0
	9
	40
	0
	15
	15
	3/4

	23
	40
	0
	10
	160
	0
	8
	80
	0
	14
	14
	7/12

	24
	40
	0
	11
	160
	0
	8
	80
	40
	8
	11
	7/12

	25
	40
	0
	7
	160
	0
	13
	160
	0
	14
	14
	1/2

	26
	40
	0
	11
	160
	0
	8
	160
	40
	7
	11
	1/2

	27
	40
	0
	10
	160
	0
	8
	160
	80
	7
	10
	1/2

	28
	40
	0
	10
	160
	0
	8
	160
	120
	7
	10
	1/2

	29
	40
	0
	13
	160
	40
	9
	40
	0
	15
	15
	3/4

	30
	40
	0
	12
	160
	40
	8
	80
	0
	8
	12
	7/12

	31
	40
	0
	11
	160
	40
	8
	80
	40
	12
	12
	7/12

	32
	40
	0
	11
	160
	40
	7
	160
	0
	8
	11
	1/2

	33
	40
	0
	8
	160
	40
	12
	160
	40
	13
	13
	1/2

	34
	40
	0
	12
	160
	40
	7
	160
	80
	7
	12
	1/2

	35
	40
	0
	11
	160
	40
	7
	160
	120
	7
	11
	1/2

	36
	40
	0
	13
	160
	80
	9
	40
	0
	14
	14
	3/4

	37
	40
	0
	10
	160
	80
	8
	80
	0
	13
	13
	7/12

	38
	40
	0
	13
	160
	80
	7
	80
	40
	8
	13
	7/12

	39
	40
	0
	10
	160
	80
	7
	160
	0
	8
	10
	1/2

	40
	40
	0
	12
	160
	80
	7
	160
	40
	7
	12
	1/2

	41
	40
	0
	8
	160
	80
	13
	160
	80
	15
	15
	1/2

	42
	40
	0
	10
	160
	80
	7
	160
	120
	7
	10
	1/2

	43
	40
	0
	13
	160
	120
	9
	40
	0
	14
	14
	3/4

	44
	40
	0
	13
	160
	120
	7
	80
	0
	9
	13
	7/12

	45
	40
	0
	11
	160
	120
	7
	80
	40
	13
	13
	7/12

	46
	40
	0
	10
	160
	120
	7
	160
	0
	8
	10
	1/2

	47
	40
	0
	11
	160
	120
	7
	160
	40
	7
	11
	1/2

	48
	40
	0
	10
	160
	120
	7
	160
	80
	7
	10
	1/2

	49
	40
	0
	7
	160
	120
	11
	160
	120
	12
	12
	1/2

	50
	80
	0
	14
	40
	0
	14
	40
	0
	16
	16
	5/6

	51
	80
	0
	13
	40
	0
	12
	80
	0
	14
	14
	2/3

	52
	80
	0
	9
	40
	0
	14
	80
	40
	9
	14
	2/3

	53
	80
	0
	13
	40
	0
	10
	160
	0
	9
	13
	7/12

	54
	80
	0
	8
	40
	0
	12
	160
	40
	8
	12
	7/12

	55
	80
	0
	13
	40
	0
	12
	160
	80
	7
	13
	7/12

	56
	80
	0
	8
	40
	0
	14
	160
	120
	7
	14
	7/12

	57
	80
	0
	13
	80
	0
	14
	40
	0
	12
	14
	2/3

	58
	80
	0
	16
	80
	0
	17
	80
	0
	18
	18
	1/2

	59
	80
	0
	11
	80
	0
	12
	80
	40
	6
	12
	1/2

	60
	80
	0
	14
	80
	0
	16
	160
	0
	15
	16
	5/12

	61
	80
	0
	11
	80
	0
	12
	160
	40
	6
	12
	5/12

	62
	80
	0
	15
	80
	0
	16
	160
	80
	15
	16
	5/12

	63
	80
	0
	11
	80
	0
	12
	160
	120
	6
	12
	5/12

	64
	80
	0
	9
	80
	40
	9
	40
	0
	14
	14
	2/3

	65
	80
	0
	11
	80
	40
	6
	80
	0
	12
	12
	1/2

	66
	80
	0
	6
	80
	40
	11
	80
	40
	12
	12
	1/2

	67
	80
	0
	10
	80
	40
	6
	160
	0
	7
	10
	5/12

	68
	80
	0
	6
	80
	40
	10
	160
	40
	7
	10
	5/12

	69
	80
	0
	11
	80
	40
	6
	160
	80
	6
	11
	5/12

	70
	80
	0
	6
	80
	40
	11
	160
	120
	6
	11
	5/12

	71
	80
	0
	13
	160
	0
	9
	40
	0
	10
	13
	7/12

	72
	80
	0
	14
	160
	0
	15
	80
	0
	16
	16
	5/12

	73
	80
	0
	10
	160
	0
	7
	80
	40
	6
	10
	5/12

	74
	80
	0
	10
	160
	0
	14
	160
	0
	15
	15
	1/3

	75
	80
	0
	10
	160
	0
	7
	160
	40
	6
	10
	1/3

	76
	80
	0
	14
	160
	0
	9
	160
	80
	9
	14
	1/3

	77
	80
	0
	10
	160
	0
	7
	160
	120
	6
	10
	1/3

	78
	80
	0
	8
	160
	40
	8
	40
	0
	12
	12
	7/12

	79
	80
	0
	11
	160
	40
	6
	80
	0
	12
	12
	5/12

	80
	80
	0
	6
	160
	40
	7
	80
	40
	10
	10
	5/12

	81
	80
	0
	10
	160
	40
	6
	160
	0
	7
	10
	1/3

	82
	80
	0
	6
	160
	40
	11
	160
	40
	12
	12
	1/3

	83
	80
	0
	11
	160
	40
	6
	160
	80
	6
	11
	1/3

	84
	80
	0
	6
	160
	40
	6
	160
	120
	6
	6
	1/3

	85
	80
	0
	13
	160
	80
	7
	40
	0
	12
	13
	7/12

	86
	80
	0
	15
	160
	80
	14
	80
	0
	16
	16
	5/12

	87
	80
	0
	11
	160
	80
	6
	80
	40
	6
	11
	5/12

	88
	80
	0
	14
	160
	80
	9
	160
	0
	9
	14
	1/3

	89
	80
	0
	11
	160
	80
	6
	160
	40
	6
	11
	1/3

	90
	80
	0
	11
	160
	80
	13
	160
	80
	14
	14
	1/3

	91
	80
	0
	11
	160
	80
	6
	160
	120
	6
	11
	1/3

	92
	80
	0
	8
	160
	120
	7
	40
	0
	14
	14
	7/12

	93
	80
	0
	11
	160
	120
	6
	80
	0
	12
	12
	5/12

	94
	80
	0
	6
	160
	120
	6
	80
	40
	11
	11
	5/12

	95
	80
	0
	10
	160
	120
	6
	160
	0
	7
	10
	1/3

	96
	80
	0
	6
	160
	120
	6
	160
	40
	6
	6
	1/3

	97
	80
	0
	11
	160
	120
	6
	160
	80
	6
	11
	1/3

	98
	80
	0
	6
	160
	120
	11
	160
	120
	12
	12
	1/3

	99
	80
	40
	14
	40
	0
	15
	40
	0
	16
	16
	5/6

	100
	80
	40
	9
	40
	0
	14
	80
	0
	9
	14
	2/3

	101
	80
	40
	12
	40
	0
	11
	80
	40
	13
	13
	2/3

	102
	80
	40
	8
	40
	0
	14
	160
	0
	8
	14
	7/12

	103
	80
	40
	12
	40
	0
	11
	160
	40
	8
	12
	7/12

	104
	80
	40
	8
	40
	0
	13
	160
	80
	7
	13
	7/12

	105
	80
	40
	13
	40
	0
	11
	160
	120
	7
	13
	7/12

	106
	80
	40
	9
	80
	0
	9
	40
	0
	14
	14
	2/3

	107
	80
	40
	6
	80
	0
	11
	80
	0
	12
	12
	1/2

	108
	80
	40
	11
	80
	0
	6
	80
	40
	12
	12
	1/2

	109
	80
	40
	6
	80
	0
	10
	160
	0
	7
	10
	5/12

	110
	80
	40
	10
	80
	0
	6
	160
	40
	7
	10
	5/12

	111
	80
	40
	6
	80
	0
	11
	160
	80
	6
	11
	5/12

	112
	80
	40
	11
	80
	0
	6
	160
	120
	6
	11
	5/12

	113
	80
	40
	12
	80
	40
	13
	40
	0
	11
	13
	2/3

	114
	80
	40
	11
	80
	40
	12
	80
	0
	6
	12
	1/2

	115
	80
	40
	16
	80
	40
	17
	80
	40
	18
	18
	1/2

	116
	80
	40
	11
	80
	40
	12
	160
	0
	6
	12
	5/12

	117
	80
	40
	14
	80
	40
	15
	160
	40
	16
	16
	5/12

	118
	80
	40
	11
	80
	40
	12
	160
	80
	6
	12
	5/12

	119
	80
	40
	15
	80
	40
	16
	160
	120
	15
	16
	5/12

	120
	80
	40
	8
	160
	0
	8
	40
	0
	14
	14
	7/12

	121
	80
	40
	6
	160
	0
	7
	80
	0
	10
	10
	5/12

	122
	80
	40
	11
	160
	0
	6
	80
	40
	12
	12
	5/12

	123
	80
	40
	6
	160
	0
	11
	160
	0
	12
	12
	1/3

	124
	80
	40
	10
	160
	0
	6
	160
	40
	7
	10
	1/3

	125
	80
	40
	6
	160
	0
	6
	160
	80
	6
	6
	1/3

	126
	80
	40
	11
	160
	0
	6
	160
	120
	6
	11
	1/3

	127
	80
	40
	12
	160
	40
	8
	40
	0
	11
	12
	7/12

	128
	80
	40
	10
	160
	40
	7
	80
	0
	6
	10
	5/12

	129
	80
	40
	14
	160
	40
	15
	80
	40
	15
	15
	5/12

	130
	80
	40
	10
	160
	40
	7
	160
	0
	6
	10
	1/3

	131
	80
	40
	10
	160
	40
	14
	160
	40
	15
	15
	1/3

	132
	80
	40
	10
	160
	40
	7
	160
	80
	6
	10
	1/3

	133
	80
	40
	14
	160
	40
	9
	160
	120
	9
	14
	1/3

	134
	80
	40
	8
	160
	80
	7
	40
	0
	13
	13
	7/12

	135
	80
	40
	6
	160
	80
	6
	80
	0
	11
	11
	5/12

	136
	80
	40
	11
	160
	80
	6
	80
	40
	12
	12
	5/12

	137
	80
	40
	6
	160
	80
	6
	160
	0
	6
	6
	1/3

	138
	80
	40
	10
	160
	80
	6
	160
	40
	7
	10
	1/3

	139
	80
	40
	6
	160
	80
	11
	160
	80
	12
	12
	1/3

	140
	80
	40
	11
	160
	80
	6
	160
	120
	6
	11
	1/3

	141
	80
	40
	13
	160
	120
	7
	40
	0
	11
	13
	7/12

	142
	80
	40
	11
	160
	120
	6
	80
	0
	6
	11
	5/12
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