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1. Introduction
For many RAN4 meetings, the scaling of measurement delays with multiple measurement objects has been discussed without conclusion. The conceptual difference from LTE is that for NR different measurement objects may be configured with different SMTC configurations, therefore it is no longer true that any measurement gap may be used to measure any measurement object. There has been some discussion that the proposed scaling such as that in [1] is too complicated to specify in RAN4 or limits the UE implementation. In this contribution we discuss that the proposed scaling is a simple extension of the Nfreq scaling which is already used in LTE requirements. In a companion contribution we provide an updated CR with an updated description of the CSFi scaling factor using a more textual approach, rather than equations in the expectation that this will also illustrate that conceptually the concept is rather simple, and in the end involves only the counting of carriers to work out a scaling factor.
2. Discussion

2.1. Scenarios to be considered
There has been some discussion if all scenarios are realistic and need to be considered in release 15. Firstly, considering only 2 measurement objects, the scenarios can be categorized rather simply to non-overlapping SMTC, fully overlapping SMTC and partially overlapping SMTC.

Scenario 1: Fully overlapping SMTC 
An example of such configuration would be

MGRP=40ms, measurement gap offset = 0ms, MGL=6ms

f1 : SMTC period=40ms, SMTC offset = 0ms, SMTC duration=5ms

f2 : SMTC period=40ms, SMTC offset = 0ms, SMTC duration=5ms

Clearly, in such configuration, the expectation is that UE shares gaps equally between measurements of f1 and f2, and the situation is very similar to LTE where any measurement can be performed in any gap. We can expect that this configuration is often used, since it means nothing more than two frequency layers which have the same SMTC configuration.
Scenario 2:Partially overlapping SMTC

An example of such configuration would be
MGRP=40ms, measurement gap offset = 0ms, MGL=6ms

f1 : SMTC period=40ms, SMTC offset = 0ms, SMTC duration=5ms

f2 : SMTC period=20ms, SMTC offset = 0ms, SMTC duration=5ms

Again, we expect that such configuration is fairly typical. For example, it could be rather likely that different SSB periodicity would be used on FR1 and FR2 carriers, so if f1 represents an FR1 carrier and f2 represents an FR2 carrier, such configuration would be readily expected. In fact, from the perspective of f2 it is fully overlapped with f1 (there is no f2 measurement that does not also offer an f1 measurement opportunity) but the converse is not true, so this scenario is only partially overlapped from f1 perspective.
Scenario 3:Fully non-overlapping SMTC 
An example of such configuration would be
MGRP=40ms, measurement gap offset = 0ms, MGL=6ms

f1 : SMTC period=80ms, SMTC offset = 0ms, SMTC duration=5ms

f2 : SMTC period=80ms, SMTC offset = 40ms, SMTC duration=5ms

This scenario seems straightforward from UE perspective, since each measurement object can be measured in a dedicated measurement gap. From the UE perspective, the absolute measurement delay can be expected to be the same as scenario 1 above since in either case the UE measures two measurement objects with a 40ms MGRP. However, this configuration may beneficial for the network since it can reduce SSB transmission compared with scenario 1, since it has knowledge that the UE will only measure according to the configured SMTC for each carrier.
Based on this, our view is that scenarios 1,2 and 3 are all very realistic to use in network deployment and we see no motivation to exclude them in release 15.

Next, we consider more than two measurement objects.

Scenario 4: More than 2 measurement objects
In this case, it becomes difficult to categorize scenarios as overlapping, non-overlapping, partially overlapping etc., since such categorizations only apply to pairs of measurement objects, whereas in NR there can be, for example, 7 inter frequency measurement objects configured, and intra frequency measurements may also be gap assisted. The UE may also be configured with up to 13 frequency layers including interRAT measurements. Initially we considered introducing SMTC grouping, to consider “like” measurement objects from an SMTC perspective within one group, but on further analysis this did not give a simple way to specify the requirements. A more reasonable approach is to consider what measurement are possible for the UE to perform in each measurement gap, and to count Nfreq (using LTE terminology on  a per gap basis).
To illustrate by example, assume 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

For this example, due to the SMTC period of carriers F3,F4,F5, the gap utilization repetition period (G) 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


Since the UE may be configured with a large number of measurement objects with different purposes, it seems very difficult to exclude different overlap cases (or equivalently SMTC configurations) between all the carriers. Measurement objects may be a mixture of many different types such as
· FR1 carriers

· FR2 carriers

· Intrafrequency carriers

· Interfrequency carriers

· Coverage carriers

· Capacity carriers

· LTE or GSM carriers

· Etc….

If RAN4 specifies limitations on the SMTC configurations which the UE may concurrently measure, then in practice the concurrent monitoring capabilities which have already been specified in 38.133 will be unusable. In RAN4#88 there was a discussion about testing; in our view this is irrelevant because of course it will be difficult to develop testcases with a very large number of different types of carriers due to test equipment complexity issues, but at the same time there needs to be an understanding and an expectation that the real world deployments of NR and other RATs are more complicated than the test scenarios and have applicable core requirements from which requirements for UE measurement delays are predictable.
Proposal 1: Requirements are defined in release 15 for overlapping SMTC, non-overlapping SMTC, partially overlapping SMTC and multiple measurement objects with different SMTC configurations
2.2. Basic description of per carrier scaling

In [1] the method to determine the requirements may be simply described (neglecting configurable intra/inter gap sharing) as 

“for each measurement object, identify the most loaded MG where that measurement object can be measured, and apply the total count of measurement objects for that gap as the carrier specific scaling factor”

For the example in section 2.2, we may count the number of carriers which 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 (F1,F3,F4)
	2 (F1,F2)
	2 (F1,F5)
	2 (F1,F2,F5)


Based on this counting, the carrier specific scaling factors are derived:

F1 : Most loaded gap for measuring F1 is gap #0, so CSFF1=3

F2:  Most loaded gap for measuring F2 is #1 or #3, so CSFF2=2

F3:  Most loaded for measuring F3 gap is #0 so CSFF3=3

F4: Most loaded for measuring F4 gap is #0 so CSFF4=3
F5 Most loaded for measuring F5 gap is #3 so CSFF5=3

We would emphasize that the specification of the requirements only involves determining the measurement opportunities for each measurement object and  counting the number of competing measurement objects. Once the most loaded measurement gap is identified, the LTE-like Nfreq scaling is applied.

It can also be noted that this proposal is identical to that in [2]
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Proposal 2: The carrier specific scaling is determined by for each measurement object, identify the most loaded MG where that measurement object can be measured, and apply the total count of measurement objects for that gap as the carrier specific scaling factor
RAN4 purpose is not to specify or limit reasonable UE implementation, but to specify CSFi some assumptions need to be made about possible implementation. Since a possible implementation could even meet the RAN4 requirements just by measuring in the most loaded measurement gap, there is no implication from proposal 2 that all MG are used in an optimal manner. Since the scaling factor is simply the total measurement object count for that gap, there is also no limitation on measurement order which is more severe than the LTE requirements scaling by Nfreq.
It is also relevant to note that for some straightforward cases

· Fully overlapping SMTC: In this case, CSFi=Nfreq for every measurement object since the number of competing measurement objects is the same as the number of configured carriers
· Fully non-overlapping SMTC: In this case CSFi=1 for every measurement object since each measurement object does not compete with any other measurement object 
In other words, the CSFi definition in proposal 2 gives the expected outcome in straightforward cases.

2.3. Practical considerations

There are a few additional practical issues which need to be taken into consideration beyond the basic CSFi determination in proposal 2. To some extent, it is these practical considerations which make the CR in [1] more complicated, but at any rate they seem mostly unavoidable, given that they are real issues which need to be addressed.

InterRAT measurements

Generally, LTE or GSM RSSI measurements can be made in any measurement gap. Hence it is straightforward when performing the counting for proposal 2 to assume that LTE or GSM measurements are performed in all measurement gaps. This allows CSFi to be determined both for NR carriers when LTE or GSM measurement is configured, and also to determine the CSFi factor for the GSM or LTE measurement itself. This will simply be the number of measurement objects which can be measured in the most loaded measurement gap. Since LTE or GSM can be measured in any measurement gap, proposal 2 applies to the GSM or LTE measurement object without any need to identify identify the most loaded MG where that measurement object can be measured.
Proposal 3: Requirements are extended to include interRAT measurements by the assumption that GSM or LTE measurement may be performed in any measurement gap

Sparse opportunity measurements

Some measurements such as LTE RSTD with large Tprs, or GSM BSIC verification can only be performed on specific measurement gaps which occur quite or very infrequently. Theoretically, the approach above can be extended to use a very long measurement gap utilization repetition period, however this can lead to extremely long delays in RSTD or BSIC verification if there are a large number of competing measurements in the occasion where the measurement is to be made. For instance, if we think about RSTD with Tprs=1.28s, and concurrently the UE is measuring 7 NR carriers with SMTC periodicity of 40ms such that one instance of the SMTC occurs at the same time as the PRS occasion, we would theoretically end up with a scaling factor of 8 for the PRS measurement.
In this case, it would be much better since the UE knows that the PRS is only available every 1.28s if it simply prioritized the PRS measurement, since there will anyway be rather minimal impact on the other SMTC measurements, one of which can always be performed every 40ms. Hence, the sparse opportunity measurement should not have requirements which scale with the number of other competing measurement objects.

The difficulty is that the delays of the other mobility measurements will be very slightly extended by the prioritization of the PRS measurement or BSIC verification, and it is not reasonable to expect that the UE is able to meet exactly the same requirements when it must do something slightly more in some measurement periods.

One simple way is to indicate that measurement periods may be extended if some  MG during the measurement period is used for RSTD or GSM BSIC verification. Another way would be to explicitly scale the measurement period, for example if Tprs=1.28s and MG/SMTC periodicity = 40ms, then “stealing” one MG for PRS measurement is equivalent to scaling everything else by 33/32.
However, such scaling approach is more difficult to specify in the case of a mixture of SMTC configurations being used concurrently and may be one of the reasons for the complexity when expressing requirements for multiple measurement objects.

The final discussion is on what constitutes a sparse opportunity measurement. For this, our earlier proposal is that anything which can only be measured less frequently than the longest SMTC period in which the UE is configured with is a sparse opportunity measurement. The benefit of this approach is that the gap utilization repetition period (G) is never extended, however the definition is also open for discussion and a fixed threshold (such as measurement opportunity of 320ms periodicity or greater) could easily be considered instead.

Proposal 4: GSM BSIC verification, or RSTD measurement should be prioritized over NR,  LTE or GSM RSSI measurement if the opportunities for performing it are sparse. Hence CSFi=1 for sparse opportunity measurements.
Proposal 5: The impact of proposal 4 on other measurement objects may be captured by specifying that measurement periods may be extended if some  MG during the measurement period is a sparse opportunity for  RSTD or GSM BSIC verification
Proposal 6: The definition of sparse opportunity in P4 and P5 is a measurement opportunity less frequent than the longest configured NR SMTC

Measurement gap sharing factor
Previously, RAN4 has agreed that there will be a sharing factor, the intention of which was originally to allow intrafrequency measurements to be prioritized or deprioritized, in the event that they compete with a large number of interfrequency and/or interRAT measurement objects. A similar scaling factor was specified for LTE MTC UEs which need gaps for intrafrequency and interfrequency measurements and the motivation  to introduce MG sharing factor comes from the fact that in NR it is also possible to need gaps for intrafrequency measurements.
However, one complication in NR compared with LTE is that the SMTC configuration also limits what is possible to do in a gap. For this reason, RAN4 already agreed that the measurement gap sharing factor would only apply in gaps which are an opportunity both intra-f and inter-f and/or inter-R measurement.

Considering proposal 2, we consider that the methodology can be extended to cover measurement gap sharing as follows

Proposal 7: The extension of proposal 2 to include configurable measurement gap sharing is
1. Identify the most loaded MG where that measurement object can be measured (as per proposal 2)
2. In this measurement gap count

a. Mintra, the total number of intrafrequency measurement objects which can be measured

b. Mint, the total number of interfrequency and inter RAT measurement objects which can be measured

c. Mtot=Mintra+Mint, the total number of  measurement objects which can be measured (as per proposal 2)

3. If equal sharing applies, CSFi=Mtot (as per proposal 2)

4. If non equal sharing applies and CSFi is being evaluated for an intrafrequency measurement object

a. If there are no competing interfrequency measurement objects CSFi= Mintra (=Mtot) (as per RAN4 agreement)

b. If there are competing interfrequency measurement objects, CSFi= Mintra xKintra (apply the gap share factor)

5. If non equal sharing applies and CSFi is being evaluated for an interfrequency/interRAT measurement object

a. If there are no competing interfrequency measurement objects CSFi= Mint (=Mtot) (as per RAN4 agreement)

b. If there are competing interfrequency measurement objects, CSFi= Mint xKinter (apply the gap share factor)
Finally, we remark that the practical aspects in proposals 4,5,6 and 7 do complicate the CSFi evaluation, compared with the basic method in proposal 2. We consider proposal 3 would be fairly straightforward and obvious if proposal 2 is accepted. Although, of course it is desirable to specify requirements as simply as possible, a certain complexity of the requirements arises from
· Different SMTC configurations on different frequency layers

· Need to support configurable gap sharing parameter

· Need to support in a reasonable manner requirements for measurements which are only performed occasionally while at the same time mobility measurement is ongoing.

Since there does not seem to be any scope for avoiding specification of requirements when such features are configured, we do not see scope for specifying multiple layer requirements in a very simple way in NR, considering real practicalities which need to be considered. We would also mention that although LTE requirements for multiple layer measurements seem simple in comparison, at the time of release 8 specification they were also highly controversial since in WCDMA there were multiple parallel (and guaranteed non-overlapping) gap patterns for different gap purposes.
3. Conclusion

Proposal 1: Requirements are defined in release 15 for overlapping SMTC, non-overlapping SMTC, partially overlapping SMTC and multiple measurement objects with different SMTC configurations
Proposal 2: The carrier specific scaling is determined by for each measurement object, identify the most loaded MG where that measurement object can be measured, and apply the total count of measurement objects for that gap as the carrier specific scaling factor
Proposal 3: Requirements are extended to include interRAT measurements by the assumption that GSM or LTE measurement may be performed in any measurement gap

Proposal 4: GSM BSIC verification, or RSTD measurement should be prioritized over NR,  LTE or GSM RSSI measurement if the opportunities for performing it are sparse. Hence CSFi=1 for sparse opportunity measurements.
Proposal 5: The impact of proposal 4 on other measurement objects may be captured by specifying that measurement periods may be extended if some  MG during the measurement period is a sparse opportunity for  RSTD or GSM BSIC verification
Proposal 6: The definition of sparse opportunity in P4 and P5 is a measurement opportunity less frequent than the longest configured NR SMTC

Proposal 7: The extension of proposal 2 to include configurable measurement gap sharing is
1. Identify the most loaded MG where that measurement object can be measured (as per proposal 2)
2. In this measurement gap count

a. Mintra, the total number of intrafrequency measurement objects which can be measured

b. Mint, the total number of interfrequency and inter RAT measurement objects which can be measured

c. Mtot=Mintra+Mint, the total number of  measurement objects which can be measured (as per proposal 2)

3. If equal sharing applies, CSFi=Mtot (as per proposal 2)

4. If non equal sharing applies and CSFi is being evaluated for an intrafrequency measurement object

a. If there are no competing interfrequency measurement objects CSFi= Mintra (=Mtot) (as per RAN4 agreement)

b. If there are competing interfrequency measurement objects, CSFi= Mintra xKintra (apply the gap share factor)

5. If non equal sharing applies and CSFi is being evaluated for an interfrequency/interRAT measurement object

a. If there are no competing interfrequency measurement objects CSFi= Mint (=Mtot) (as per RAN4 agreement)

b. If there are competing interfrequency measurement objects, CSFi= Mint xKinter (apply the gap share factor)
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