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1. Introduction
In RAN4#86, the way forward in [1] was agreed with the additional agreement in the meeting report that Agreement: the grouping needs further study.
	· Measurement objects with same SMTC periodicity and offset within the same FR range should share the same delay requirement.
· Strive to address the SMTC overlapping issue should be based on SMTC periodicity and offset grouping and each group has its own scaling factor
· The definition of SMTC periodicity and offset grouping is FFS
· When all SMTC occasions are non-colliding (no measurement gap contains SMTC from more than one frequency layer) there is no need for an additional scaling factor

· Strive to keep UE measurement flexibility the same as LTE
· Companies are encouraged to suggest the principle to define the requirement methodologies within the below options:
· Option 1: unified delay requirement among different carriers SMTC configurations
· Option 2: requirements are defined per carrier (per SMTC configuration)
· Companies are encouraged to provide views on the impact of AGC issue
· FFS the delay caused by gap sharing with intra-frequency measurement and DRX mode.


2. Discussion
One of the important discussions in RAN4#86 was how to specify the performance of measurements of multiple carriers with different SMTC configurations (periodicity and offset), which is reflected in the two options in the way forward [1]. Proponents of option 1 (unified delay requirement) want to keep flexibility to measure in any order (as is possible in LTE) whereas proponents of option 2 point out that a unified requirement which does not depend on SMTC can imply that not all gaps are used.
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Figure 1a : Sequential scheduling of measurements (sum of SMTC)
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Figure 1b :  Scheduling of measurements to avoid unused gaps


The issue is illustrated in figure 1a and 1b. In the figure, MGRP=40ms, and F1 has a 40ms SMTC period, F2 has an 80ms SMTC period. 5 samples are assumed to be needed in the measurement period.

In figure 1a, the measurement objects are measured sequentially such that the measurement period for both carriers is 5*(40+80)=600ms. Although the green carrier (F1) is shown in the figure to be measured first, in practice the measurement order for the UE is not known, so all that can be specified is that both results are available after 15 measurement gaps (600ms) as shown by the arrow.

On the other hand, this scheduling of measurements does not exploit the fact that some measurement gaps are quite useless for measurement of F2, and it seems unexpected that these would not then be used for measurements of F1. A scheduling scheme where all the gaps which are not useful for F2 measurement are used for F1 measurement is shown in figure 1b, and as expected the measurement result for both carriers is available after 5*max(40ms,80ms)=400ms. Especially for FR2 we anticipate that due to  RX beamforming quite many measurement gaps may be needed (greater than 5 as shown in the figure) and therefore it seems undesirable to specify minimum requirements on the basis that some gaps are not used. However, we need to discuss a suitable assumption over gap scheduling which does not further constrain UE implementations (beyond the fact that they are already constrained by the SMTC as to what they are able to measure).
In the following sections we derive such a scheme, which follows option 2 in the way forward. We build the proposed requirements up in stages, first considering multiple SMTC, then considering the additional needs for measurement of sparse signals in gaps (such as LTE PRS or GSM BSIC), the impact of interRAT CRS/RSSI measurements and finally considering the possibility that intrafrequency measurements are also performed in gaps, with a gap sharing parameter. The proposal defines per carrier scaling factors which work for fully colliding SMTC, partially colliding SMTC and non-colliding SMTC.

Multiple NR SMTC

We first illustrate the proposal by example, and then we formally derive the per carrier scaling factors to account for multiple measurement objects.

For the example, 5 carriers are to be measured with MGRP=40ms and the following configurations for carriers F1-F5 which are to be measured

F1: SMTC 40ms, Offset 0ms

F2: SMTC 80ms, Offset 40ms

F3: SMTC 160ms, Offset 0ms

F4: SMTC 160ms, Offset 0ms

F5: SMTC 160ms, Offset 80ms

We first consider what happens over a period of LCM(MGRP,SMTC periodF1, SMTC periodF2, SMTC periodF3, SMTC periodF4, SMTC periodF5), where LCM represents the lowest common multiple. After this period, the possible usage of each measurement gap will repeat. We will refer to this period as the gap utilization repetition period (GURP), although the intention is simply to specify RRM requirements rather than assume a particular UE implementation, other than that the UE treats measurement objects in some sense “fairly” and does some measurement activity in each gap. Since SMTC periods in NR are (5,10,20,40,80,160ms) the largest possible gap utilization repetition period that can be obtained is based on SMTC is 160ms. Moreover, since all larger SMTC periods are multiples of the smaller SMTC period, the lowest common multiple of the SMTC periods and MGRP is equivalent to the max() function of the SMTC periods and MGRP.
For this example, due to the SMTC period of carriers F3,F4,F5, the gap utilization repetition period is 160ms, and there are 4 measurement gas in the gap utilization repetition period. If we look at each of these 4 measurement gaps (starting from offset 0) we can determine whether a given carrier can be measured in each of the gaps:

	Carrier
	Gap #0 (offset 0ms)
	Gap#1(offset 40ms)
	Gap#2(offset 80ms)
	Gap#3(offset 120ms)

	F1
	Yes
	Yes
	Yes
	Yes

	F2
	No
	Yes
	No
	Yes

	F3
	Yes
	No
	No
	No

	F4
	Yes
	No
	No
	No

	F5
	No
	No
	Yes
	No


Next, we consider how many carriers can be measured in each gap

	
	Gap #0
	Gap#1
	Gap#2
	Gap#3

	Number of carrier which can be measured in each gap
	3
	2
	2
	2


If we assume equal sharing of gaps between all the candidate measurement objects for the gap, then the measurement effort made by the UE is

	Carrier
	Gap #0 (offset 0ms)
	Gap#1(offset 40ms)
	Gap#2(offset 80ms)
	Gap#3(offset 120ms)
	Total

	F1
	1/3
	1/2
	1/2
	1/2
	11/6

	F2
	0
	1/2
	No
	1/2
	1

	F3
	1/3
	No
	No
	No
	1/3

	F4
	1/3
	No
	No
	No
	1/3

	F5
	No
	No
	1/2
	No
	½


We can also derive the total number of measurement opportunities there are for each carrier in the GURP.
	Carrier
	Gap #0

	F1
	4

	F2
	2

	F3
	1

	F4
	1

	F5
	1


The scaling factor for each carrier is the ratio between (a) the total number of competing measurements in the gaps that can be utilized for measurements on carrier X within period GURP, and (b) the number of gaps that can be utilized for measurements on carrier X within period GURP. Hence, for this example, the scaling factors are

	Carrier
	Scaling factor

	F1
	4/(11/6)=24/11

	F2
	2/1=2

	F3
	1/(1/3)=3

	F4
	1/(1/3)=3

	F5
	1/(1/2)=2


Effectively, this derivation is assuming that Nfreq scaling is performed on a gap by gap basis, considering the subset of measurements that it will be possible for the UE to make during the gap. The assumption in deriving the requirements is that the UE makes an equal effort to measure each measurable (considering SMTC) measurement object  in each gap.

We now provide a proposal for the general approach to requirements setting described above. The intention of the approach is to extend the LTE Nfreq scaling under the principles that
1) In each MG, the UE shall attempt to make use of the MG to measure one of the possible measurement objects which could be measured in the gap

2) RAN4 shall not specify which measurement object is measured in any MG, but shall assume that measurement objects which have no SMTC in a given measurement gap are not candidates to measure

3) The UE shall overall treat each measurement object “fairly” on a per-MG basis, i.e. the UE is assumed to schedule measurements in such a way as to put an equal effort into measuring any of the measurement objects which are candidates to measure in a given MG

	Proposal 1 : The following scaling factor derivation is adopted
Considering that there are Nfreq carriers to be measured, denote each carrier with index i where i={0…Nfreq-1}
Determine the gap utilization reputation period GURP

GURP=max(MGRP, max(SMTC period0, … SMTC periodi )) 
Denote each gap in the GURP with index j where j={0…(GURP/MGRP)-1}
For each carrier i, and each gap j, determine if the carrier i is a candidate to be measured in the measurement gap j, considering its SMTC configuration. A carrier is a candidate to be measured if its SMTC occasion at least partially coincides in time with the considered measurement gap excluding RF switching time. The result of this determination is


λi,j=1 if carrier i is a candidate to be measured in gap j


λi,j=0 otherwise

For each measurement gap, compute the number of competing measurement objects according to
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For each measurement gap and each carrier, compute the assumed measurement scaling factor according to[image: image5.png]


or [image: image7.png]0 otherwise





For each carrier, compute the total number of measurement opportunities according to
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The scaling factor for carrier i is then determined according to

 [image: image11.png]= A
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The delay performance of carrier i is scaled according to Nscaling,i *D(max(MGRP,SMTC periodi))
It should be noted that D is the single carrier performance which would result with SMTC period i and measurement gap repetition period MGRP. 


The generic scaling factors derived for partially colliding SMTC also apply in the special cases of fully colliding, or fully non-colliding SMTC. This may be illustrated by some simple examples with 2 carriers.
Fully non-colliding
MGRP=40ms

Carrier F0: SMTC period=80ms, offset=0ms

Carrier F1: SMTC period=80ms, offset=40ms

	GURP=80ms

λi,j
	Gap 0
	Gap 1
	Δi

	Carrier 0
	1
	0
	1

	Carrier 1
	0
	1
	1


	θj
	Gap 0
	Gap 1

	
	1
	1


	εi,j
	Gap 0
	Gap 1

	Carrier 0
	1
	0

	Carrier 1
	0
	1


	Nscaling 
	

	Carrier 0
	1/(1+0) =1

	Carrier 1
	1/(0+1)=1


Both carriers are measured with Nscaling=1 based on the single carrier delay performance with 80ms SMTC.
Fully colliding
MGRP=40ms

Carrier F0: SMTC period=40ms, offset=0ms

Carrier F1: SMTC period=40ms, offset=0ms

GURP=40ms

	λi,j
	Gap 0
	Δi

	Carrier 0
	1
	1

	Carrier 1
	1
	1


	θj
	Gap 0

	
	2


	εi,j
	Gap 0

	Carrier 0
	0.5

	Carrier 1
	0.5

	Nscaling 
	

	Carrier 0
	1/(0.5)=2

	Carrier 1
	1/0.5=2


Both carriers are measured with Nscaling=2 based on the single carrier delay performance with 40ms SMTC.

Partially colliding (same example as figure 1)

MGRP=40ms

Carrier F0: SMTC period=40ms, offset=0ms

Carrier F1: SMTC period=80ms, offset=0ms

	GURP=80ms

λi,j
	Gap 0
	Gap 1

	Carrier 0
	1
	1

	Carrier 1
	1
	0


	θj
	Gap 0
	Gap 1

	
	2
	1


	Δi

	

	Carrier 0
	2

	Carrier 1
	1


	εi,j
	Gap 0
	Gap 1

	Carrier 0
	0.5
	1.0

	Carrier 1
	0.5
	0


	Nscaling 
	

	Carrier 0
	2/(0.5+1)=1.333

	Carrier 1
	1/(0.5)=2


Carrier 0 performance is Nscaling=1.3333 based on the single carrier delay performance with 40ms SMTC.

Carrier 1 performance is Nscaling=2.0 based on the single carrier delay performance with 80ms SMTC.

As the SMTC is also different between carrier 0 and carrier 1, the overall delay for carrier 1 will be scaled by factor of 4/1.3333=3 compared to carrier 0 (accounting both Nscaling and the different SMTC)
LTE, UMTS and GSM RSSI measurements
LTE measurements are required in gaps for SA operation and additionally UMTS and GSM measurements are required for non-SA operation.

It is relatively straightforward to extend the framework in section 2.1 to include LTE, UMTS or GSM measurements. Since RSRP/RSRQ mobility measurement opportunities for GSM RSSI, UMTS and LTE exist in any measurement gap, then we simply define λi,j=1 for all gaps j if carrier i is a GSM, UMTS or LTE carrier

Proposal 2 : λi,j=1  for all gaps j if carrier i is a GSM, UMTS or LTE carrier
Sparse measurement opportunities

There are a few examples of measurements which are performed very sparsely in the operation of the UE such as

· Measurements of LTE PRS for positioning, where the PRS periodicity can be up to 1280ms

· Verification of GSM BSIC. The GSM FCCH/SCH from which the BSIC can be derived is transmitted every 10 or 11 GSM frames (one GSM frame corresponds to 4.6153846…ms). Since this is not a multiple of 10ms, FCCH/SCH which coincide with a measurement gap may be sparse.
In principle, such measurement purposes can also be accounted for directly in proposal 1 by setting the appropriate measurement periodicity (e.g. 1280ms for LTE positioning) and applying the requirements over GURP=1280ms (e.g. j=0…31 for MGRP=40ms). However, considering that the measurement opportunities for PRS or GSM BSIC verification are very sparse, it does not seem reasonable to share these measurement opportunities with other measurements which can anyway be performed on a much more frequent basis. For example, if there is only one gap per 1280ms that could be used for LTE positioning, a reasonable implementation would prioritize the positioning measurement when the opportunity arises, rather than sharing the limited opportunity gap between LTE positioning and NR measurement with 40ms SMTC.

This sharing can be accounted for by modifying the definition of εi,j such that εi,j=1 if gap j is a sparse measurement opportunity for carrier i, and modifying εk,j=0 for all the other carriers k ≠i in the same gap j
We hence propose

Proposal 3: Any measurement performed with a measurement opportunity of 320ms or greater is considered a sparse opportunity

Proposal 4: Gap based deactivated NR SCell measurements are not sparse opportunity measurements regardless of measurement cycle, as they can still be performed on any gap which overlaps with SMTC. 
Proposal 5: The measurements of objects with sparse opportunity are not shared with other carriers

Proposal 6: Proposal 5 may be accounted for by modifying εi,j=1 if gap j is a sparse measurement opportunity for carrier i, and modifying εk,j=0 for all the other carriers k ≠i in the same gap j
Intra / interfrequency & interRAT gap sharing

The final aspect to consider is the sharing between intra-frequency measurements with gaps, and (interfrequency+interRAT) measurements.

When “equal sharing” is defined, intra-frequency layers should be treated like any other layer. This is already the assumption in proposal 1, which could be applied for equal sharing by treating intra carriers and interfrequency/interRAT carriers just as different frequencies with index i.
For non-equal sharing, it is also important to avoid unused measurement gaps that could result, for instance if the available gaps were first split in e.g. a 25:75, 50:50 or 25:75 ratio. So, gap sharing should only apply to measurement gap instances where the sharing can be used, in other words in measurement gaps which belong to the intra-frequency SMTC(s) and also belong to at least one interfrequency/interRAT SMTC. The gap sharing ratio is then used to proportion the usage of such gaps between intra-frequency measurements and (interfrequency + interRAT) measurements.

Proposal 7: Measurement gap sharing is only applied on MG that belong to both an intrafrequency SMTC and an interfrequency/interRAT where gap-based measurement is needed, and the gap sharing ratio specifies the percentage of those gaps which are assumed to be used for intra measurements (hence 100-X% are assumed to be used for interfrequency/interRAT measurement). 

In practice, to implement proposal 7, εi,j is modified:
Define K1 = X/100 and K2=(100-X)/100

For each gap j where at least one intrafrequency measurement is possible and at least one interfrequency measurement is possible modify

εi,j=K1/Nintra,j if carrier i is an intra-frequency measurement object which can be measured in gap j

εi,j=K1/Ninter,j if carrier i is an inter-frequency measurement object which can be measured in gap j

otherwise if in gap j there is not at least one intrafrequency measurement and at least one interfrequency measurement possible, εi,j is as before : [image: image13.png]5 i,




or [image: image15.png]0 otherwise





Nintra,j is the number of intra-frequency measurement objects which can be measured in gap j

Ninter,j is the number of intra-frequency measurement objects which can be measured in gap j

Another aspect of intra-frequency measurements is deactivated SCell measurement requirements. In earlier meetings we have proposed that deactivated SCell measurements are performed in known SMTC to ensure that the timing of any corresponding interruption is known to the network. However, in this meeting due to the limited remaining time for release 15, we think it is possible that deactivated SCell measurements in NR may follow a similar approach as in LTE.
In principle, as there are typically fewer measurements performed on a deactivated SCell compared with an active SCell, the measurements of other carriers which share the measurement gap pattern for intra-frequency measurements could improve when the SCell is deactivated. However, dynamically changing measurement requirements when SCells move from active to deactivated state appears complicated and difficult to exploit in practice. In addition, measCycleSCell is only a minimum rate that the UE may measure the deactivated SCell. Hence, we propose that requirements for deactivated SCells are defined according to the configured measCycleSCell but that requirements for other measurements depend only on the configured SMTC (i.e. the requirements for other carriers  do not change when a certain SCell is activated/deactivated, only the requirements for the SCell are relaxed on deactivation).

Proposal 8: Requirements for gap-based measurement of deactivated SCells are defined according to the configured measCycleSCell but that requirements for other measurements depend only on the configured SMTC (i.e. (i.e. the requirements for other carriers  do not change when a certain SCell is activated/deactivated, only the requirements for the SCell are relaxed on deactivation).
CSI-RS based measurements

The scope of requirements for CSI-RS based measurements in release 15 is an ongoing discussion in RAN4. In RAN4#86, it was decided  
· RAN4 shall define CSI-RS based beam management requirements.

· This CSI-RS based beam management is only for serving cell. 

· RAN4 shall define CSI-RS based RLM requirements.

· RAN4 will further investigate the following scenarios for RAN4 RRM requirements in Rel-15

· CSI-RS based RSRP, RSRQ and RS-SINR measurement 

· Scenario A: Intra-frequency gapless measurement for neighbor cells and serving cells
· Scenario B: SCC without SSB for CA cases
· Conclude the scope discussion in RAN4#86bis
Only scenario B could potentially involve gap-based CSI-RS measurements (e.g. if a UE should measure a candidate SCC without SSB as an interfrequency measurement object prior to configuration of an SCell). In view of the ongoing discussion on scope of CSI-RS we do not provide a detailed analysis of gap scaling and sharing with CSI-RS measurements. However, it is worthy to note that CSI-RS for mobility measurements has a periodicity and time offset such that the concepts to derive scaling factors described in the earlier sections could be extended to take account of gaps used for CSI-RS measurements.
Observation 1: The concepts in earlier sections could also be extended for gap-based CSI-RS measurements

The complete derivation of scaling factors, implementing proposals 1-9 is provided in annex A. 
Per UE and per FR measurements

Proposal 9: When a UE is operating with per FR gaps, proposals 1-8 need to be applied across all configured carriers in the UE. When a UE is configured with per-FR gaps, proposals 1-8 are applied independently for each frequency range to calculate Nscaling,I factors in that frequency range.
3. Conclusion
Proposal 1 : The following scaling factor derivation is adopted

Considering that there are Nfreq carriers to be measured, denote each carrier with index i where i={0…Nfreq-1}

Determine the gap utilization reputation period GURP


GURP=max(MGRP, max(SMTC period0, … SMTC periodi )) 

Denote each gap in the GURP with index j where j={0…(GURP/MGRP)-1}

For each carrier i, and each gap j, determine if the carrier i is a candidate to be measured in the measurement gap j, considering its SMTC configuration. A carrier is a candidate to be measured if its SMTC occasion at least partially coincides in time with the considered measurement gap excluding RF switching time. The result of this determination is


λi,j=1 if carrier i is a candidate to be measured in gap j


λi,j=0 otherwise

For each measurement gap, compute the number of competing measurement objects according to
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For each measurement gap and each carrier, compute the assumed measurement scaling factor according to[image: image19.png]


or [image: image21.png]0 otherwise





For each carrier, compute the total number of measurement opportunities according to
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The scaling factor for carrier i is then determined according to
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The delay performance of carrier i is scaled according to Nscaling,i *D(max(MGRP,SMTC periodi))

It should be emphasized that D is the single carrier performance which would result with SMTC period i and measurement gap repetition period MGRP. 

Proposal 2 : λi,j=1 for all gaps j if carrier i is a GSM, UMTS or LTE carrier
Proposal 3: Any measurement performed with a measurement opportunity of 320ms or greater is considered a sparse opportunity

Proposal 4: Gap based deactivated NR SCell measurements are not sparse opportunity measurements regardless of measurement cycle, as they can still be performed on any gap which overlaps with SMTC. 

Proposal 5: The measurements of objects with sparse opportunity are not shared with other carriers

Proposal 6: Proposal 5 may be accounted for by modifying εi,j=1 if gap j is a sparse measurement opportunity for carrier i, and modifying εk,j=0 for all the other carriers k ≠i in the same gap j
Proposal 7: Measurement gap sharing is only applied on MG that belong to both an intrafrequency SMTC and an interfrequency/interRAT where gap-based measurement is needed, and the gap sharing ratio specifies the percentage of those gaps which are assumed to be used for intra measurements (hence 100-X% are assumed to be used for interfrequency/interRAT measurement). 

Proposal 8: Requirements for gap-based measurement of deactivated SCells are defined according to the configured measCycleSCell but that requirements for other measurements depend only on the configured SMTC (i.e. the requirements for other carriers  do not change when a certain SCell is activated/deactivated, only the requirements for the SCell are relaxed on deactivation).
Proposal 9: When a UE is operating with per FR gaps, proposals 1-8 need to be applied across all configured carriers in the UE. When a UE is configured with per-FR gaps, proposals 1-8 are applied independently for each frequency range to calculate Nscaling,I factors in that frequency range.
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Annex A

Considering that there are Nfreq carriers to be measured, denote each carrier with index i where i={0…Nfreq-1}

Determine the gap utilization reputation period GURP


GURP=max(MGRP, SMTC period0, … SMTC periodi , PRS period1,…)) 

Denote each gap in the GURP with index j where j={0…GURP/MGRP}

For each carrier i, and each gap j, determine if the carrier i is a candidate to be measured in the measurement gap j, considering its SMTC configuration. A carrier is a candidate to be measured if its SMTC occasion at least partially coincides in time with the considered measurement gap excluding RF switching time. The result of this determination is


λi,j=1 if carrier i is a candidate to be measured in gap j


λi,j=0 otherwise

If gap sharing is configured with non-equal sharing, define K1 = X/100 and K2=(100-X)/100

where X is the gap sharing configuration value.

For each measurement gap, count the number of competing measurement objects according to
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If gap sharing is configured with non-equal sharing, for each measurement gap, count the number of competing intra-frequency measurement objects according to 
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For each measurement gap j and each carrier i, compute the assumed measurement scaling factor according to the following 

(1) If λi,j=1 and carrier i measurement periodicity≥[320]ms then [image: image31.png]
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 for all k≠i and do not evaluate rules (2),(3), (4) and (5) for gap j 
(2) If intra/inter gap sharing is not “equal share” and [image: image35.png]N,
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 and λi,j=1 and carrier i is an intrafrequency measurement object then  [image: image37.png]


 

(3) If intra/inter gap sharing is not “equal share” and [image: image39.png]N,
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 and λi,j=1 and carrier i is an interfrequency/interRAT measurement object then  [image: image41.png]


 

(4) If intra/inter gap sharing is “equal share” and λi,j=1 then  [image: image43.png]



(5) If λi,j=0 then  [image: image45.png]



For each carrier, compute the total number of measurement opportunities according to
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The scaling factor for carrier i is then determined according to
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The delay performance of carrier i is scaled according to Nscaling,i *D(max(MGRP,SMTC periodi))

It should be noted that D is the single carrier performance which would result with SMTC period i and measurement gap repetition period MGRP.
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