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1. Introduction
[bookmark: _GoBack]In the previous RAN4 meetings, delay requirements of inter-frequency measurement have been discussed, but scaling factor considering different SMTC configurations on measured carriers is still under discussion. In addition, at the last RAN4 meeting, some agreements were made regarding requirement of intra-frequency measurement for FR2, and that of inter-frequency measurement could be derived based on same methodology as intra-frequency measurement requirement. However, number of samples to calculate delay requirement for inter-frequency measurement has not been well discussed yet. In this contribution, we provide our views on remaining issues on requirements of inter-frequency measurement.
2. Discussion
2.1. Delay requirement for FR2
At the last RAN4 meeting, it was agreed that delay requirements for intra-frequency measurement in FR2 were defined according to power class (PC) supported by the UE, and number of samples to calculate PSS/SSS synchronization and RSRP measurement was also agreed for PC1, 2, and 3, that for PC4 is still TBD, though. 
	TS38.133 [1]
Table 9.3.4-2: Time period for PSS/SSS detection, (Frequency range FR2)
	Condition
	TPSS/SSS_sync_inter

	No DRX
	 max[ 600ms, Mpss/sss_sync_inter x max[MGRP, SMTC period] x CSFinter]  Note 1, Note 2

	DRX cycle ≤ [320]ms
	max[ 600ms, Mpss/sss_sync_inter x max(MGRP, SMTC period, DRX cycle) x CSFinter]  Note 1, Note 2

	DRX cycle > [320]ms
	Mpss/sss_sync_inter x DRX cycle x CSFinter  Note 2

	Note 1:	If different SMTC periodicities are configured for different inter-frequency carriers, the SMTC period in the requirement is the SMTC period of the inter-frequency carrier being identified
Note 2:	CSFinter is a carrier specific scaling factor and is determined according to section [9.3.6]




Table 9.3.4-4: Time period for time index detection (Frequency range FR2)
	Condition
	TSSB_time_index_inter

	No DRX
	max[ 200ms, MSSB_index_inter x max[MGRP, SMTC period] x CSFinter]  Note 1, Note 2

	DRX cycle ≤ [320]ms
	max[ 200ms, MSSB_index_inter x max(MGRP, SMTC period, DRX cycle) x CSFinter]  Note 1, Note 2

	DRX cycle > [320]ms
	MSSB_index_inter x DRX cycle x CSFinter  Note 2

	Note 1:	If different SMTC periodicities are configured for different inter-frequency carriers, the SMTC period in the requirement is the SMTC period of the inter-frequency carrier being identified
Note 2:	CSFinter is a carrier specific scaling factor and is determined according to section [9.3.6]



Table 9.3.5-2: Measurement period for inter-frequency measurements with gaps (Frequency FR2)
	Condition
	T SSB_measurement_period_inter

	No DRX
	max[ 400ms, Mmeas_period_inter x max[MGRP, SMTC period] x CSFinter]  Note 1, Note 2

	DRX cycle ≤ [320]ms
	max[ 400ms, Mmeas_period_inter x max(MGRP, SMTC period, DRX cycle) x CSFinter]  Note 1, Note 2

	DRX cycle > [320]ms
	Mmeas_period_inter x DRX cycle x CSFinter  Note 2

	…
	…

	Note 1:	If different SMTC periodicities are configured for different inter-frequency carriers, the SMTC period in the requirement is the SMTC period of the inter-frequency carrier being measured
Note 2:	CSFinter is a carrier specific scaling factor and is determined according to section [9.3.6]





For inter-frequency measurement, same methodology as intra-frequency measurement requirements could be applied, in other words, delay requirements of inter-frequency measurement could be also defined based on UE PC. One different aspect from intra-frequency measurement requirement is AGC issue for inter-frequency measurement. Appling additional measurement samples for AGC margin was already agreed, e.g. 3 samples, but scaling factor considering number of UE Rx beam was still unclear at that time. Now, it was agreed that 8 Rx beam would be assumed as baseline to derive RRM requirements, and hence, number of samples for inter-frequency measurement should be revisited from system performance perspective. In case of inter-frequency measurement, we need to take three points into consideration: the shortest value of MGRP, impact from scaling factor considering multiple carriers, and side condition for inter-frequency measurement. Since MGRP is 20 ms or longer, shorter SMTC periodicity than 20 ms could not be utilized for inter-frequency measurement to accelerate completion of measurement. Moreover, especially for UE not supporting per-FR gap capability, NW could only configure 40 or 80 ms of MGRP when UE needs to measure LTE carriers at the same time as FR2 carriers. In addition, delay requirement for inter-frequency measurement would be relaxed by scaling factor considering multiple measured carriers, resulting delay requirement would be multiplied by number of carriers in the worst case. Furthermore, difference on side condition between intra-frequency measurement and inter-frequency measurement should be taken into account. Side condition for inter-frequency measurement would be considered as -4 dB despite the fact that side condition for intra-frequency measurement would be -6 dB, and hence, UE could complete measurement smaller number of samples than intra-frequency measurement except for AGC margin. Based on above discussion, number of samples for inter-frequency measurement should be carefully considered to avoid quite long delay requirement which might cause degradation of system performance. Considering better side condition for inter-frequency measurement, we propose following values regarding total number of measurement samples for each UE PC including AGC margin.
Proposal 1: For FR2, number of samples to derive PSS/SSS synchronization and RSRP measurement delay, Mpss/sss_sync_inter and Mmeas_period_inter, should be defined as following including AGC margin.
· Mpss/sss_sync_inter = Mmeas_period_inter = [48] for UE supporting PC1
· Mpss/sss_sync_inter = Mmeas_period_inter = [32] for UE supporting PC2, 3 and 4
For inter-frequency measurement, SSB time index detection delay should be defined for the carrier measured at the first time in band. As discussed in previous meetings, UE would have some knowledge for appropriate Rx beam via PSS/SSS synchronization, and hence, scaling due to Rx beam sweeping would not be necessary. Therefore, number of samples for SSB time index detection, MSSB_index_inter, could be same as FR1 including AGC margin.
Proposal 2: For FR2, number of samples to derive SSB time index detection delay, MSSB_index_inter, should be defined as following including AGC margin.
· MSSB_index_inter = [8] irrespective of UE power class
2.2. Carrier Scaling Factor (CSF)
In the previous RAN4 meetings, scaling factor considering different SMTC configurations on measured carriers have been discussed, but it has been still under discussion. In order to derive scaling factor for inter-frequency measurement requirement, two aspects were pointed out: one is efficiency on MG utilization, and the other is complexity on UE implementation. At RAN4#86bis meeting, following four alternatives were proposed by companies as captured in [2]. From efficient MG utilization point of view, some companies including us have proposed Alt.3 in [2], and this alternative could be one of the options to define the scaling factor.
· Option 1: Scaling factor based on averaged MG occasions utilized for measurement to optimize MG utilization efficiency. (e.g. Alt. 3 in [2])
	R4-1805565
· Alt1: The delay requirement is unified among different carriers, and the requirement of inter-frequency carrier #i can be expressed as:



· Alt2: The delay requirement is per-carrier defined for each carrier, and the requirement of inter-frequency carrier #i can be expressed as: 



· The value of scaling factor in each carrier Nscaling1,carrier_i = Nfreq,fully + Nfreq,partially + 1 ≤ Nfreq 
· Where Nfreq,fully is the number of carriers whose SMTC occasions are fully colliding with the SMTC occasions of carrier #i. 
· Where Nfreq, partially is the number of carriers whose SMTC occasions are partially colliding with the SMTC occasions of carrier #i.

· Alt3: The delay requirement is per-carrier defined for each carrier, and the requirement of inter-frequency carrier #i can be expressed as: 




· The value of scaling factor in each carrier Nscaling2,carrier_i ≤ Nfreq 
· The scaling factor is based on the assumption
· The detailed principles to decide the value of Nscaling,carrier_i refer to the Proposal 1 in [R4-1803787, Ericsson]

· Alt4: The delay requirement is per-carrier defined for each carrier, and the requirement of inter-frequency carrier #i can be expressed as: 



· The value of scaling factor in each carrier Nscaling3,carrier_i ≤ Nfreq 
· The detailed principles to decide the value of Nscaling,carrier_i refer to Page 4 in [R4-1804608, NTT DOCOMO]



At the RAN4#88 meeting, another alternative was proposed to make measurement somewhat flexible [3]. Following this alternative, scaling factor in case of multiple carriers in MG would be derived based on maximum number of measured carriers on a MG occasion within gap utilization reputation period (GURP).
· Option 2: Scaling factor based on maximum number of measured carriers on a MG occasion within GURP. (e.g. R4-1811415 [3])
From mobility performance perspective, Option 1 or Option 2 would be preferable for us since these options could realize shorter measurement delay. However, some companies would still have concerns on Option 1 and Option 2 from UE implementation point of view, and proposed to specify requirements only limited scenarios, e.g. only one or two SMTC periodicities would be considered. Although this approach could simplify the specification, narrowing down the specified scenarios would cause restriction on NW deployment. As described above, we need to further discuss the requirement for inter-frequency measurement with taking at least following aspects into account.
· Efficiency on MG utilization to realize shorter measurement delay
· Complexity on UE implementation
· Flexibility on NW configuration
First of all, we could consider about simple cases, for example, the case where SMTC window on a measured carrier is fully overlapped or fully non-overlapped with those on the other carriers. In this case, it would be straightforward to derive scaling factor. In other words, scaling factor for fully overlapped carriers could be derived based on number of measured carriers, and that for fully non-overlapped carriers could be 1, that is to say, measurements for such carriers do not relaxed. 
Observation 1: In case where SMTC window on a measured carrier is fully non-overlapped or fully overlapped with that on the other carriers, CSF should be defined as following.
· CSF = 1, when SMTC window is fully non-overlapped with the other measured carriers.
· CSF = Number of measured carriers, when SMTC window is fully overlapped with the other measured carriers.
Then, we can take the case where NW configures two different SMTC periodicities, e.g. Figure 1. This would frequently occur, for example, NW configures different SMTC periodicity on FR2 carrier than FR1 carrier. As we mentioned above, scaling factor for FR2 carriers might have significant impact on delay requirement, and hence, scaling factor should be defined to optimize MG utilization at least for this case. Otherwise, system performance would be degraded due to quite long measurement delay.
[image: ]
Figure 1: Example for the case where there would be two carriers which have different SMTC periodicities

Observation 2: At least in case where measured carriers have two different SMTC periodicities, CSF should be derived based on SMTC configurations on measured carriers to optimize MG utilization efficiency.
When it comes to the case where three or more SMTC periodicities would be configured, we need to more carefully consider complexity on specification and UE implementation. At the last RAN4 meeting, some companies proposed that scaling factor for only limited scenarios should be derived based on SMTC configurations and unified scaling factor assuming the worst case, e.g. multiplying number of carriers, should be applied for the other cases. Indeed, complexity on specification and UE implantation would significantly increase when there would be more than two SMTC periodicities, but it would cause degradation of mobility performance to ignore SMTC configurations even for the carriers with shorter SMTC periodicity. In general, NW could set shorter SMTC periodicity to make measurement opportunity more frequent from mobility performance perspective, while longer SMTC periodicity could be utilized in more sustainable channel condition. Thus, efficiency on MG utilization would be more important for measurement with shorter SMTC periodicity. In addition, applying same scaling factor for all carries with different SMTC periodicities might mean quite wasteful measurement gap opportunity for carriers with shorter SMTC periodicity, e.g. CC#1 or 2 in Figure 2, due to sparse measurement opportunity for longer one, e.g. CC#3 or 4 in Figure 2.
Observation 3: When there would be three or more SMTC periodicities, it should be avoided to define too loose delay requirements even for carriers with shorter SMTC periodicity.
[image: ]
Figure 2: Example for the case where there would be four carriers which have different SMTC periodicities
One way to solve this issue would be separately deriving CSF for carriers with shorter SMTC periodicity and those with longer STMC periodicity. Figure 3 shows an example for CSF calculated based on different way for carrier group with shorter SMTC periodicity and one with longer SMTC periodicity. As mentioned above, CSF at least for carriers with two shorter SMTC periodicities should be derived with considering SMTC configurations as shown in Figure 3, e.g. Kinter#1 in Figure 3. Note that this scaling factor, e.g. Kinter#1, would be same as that for the case of Figure 1 since the scaling factor is calculated only based on SMTC configurations on CC#1 and CC#2 without considering existence of CC#3 and CC#4. In order to take measurement for CC#3 and CC#4 into account, proportion of measurement opportunity for CC#1 and CC#2 respective to total measurement opportunity including CC#3 and CC#4 could be introduced. Measurement opportunity for CC#1 and CC#2 would be punctured at most one MG occasion by SMTC periodicity #3 (This is the third shortest SMTC periodicity). Therefore, proportion of measurement opportunity for CC#1 and CC#2, Pinter, could be derived as Pinter = 1/(1 – MGRP/SMTC periodicity#3). For CC#3 and CC#4, CSF could be more simplified as total number of measured carriers. Although requirement for CC#3 and CC#4 would be loosened somewhat, this way could make specification and UE behaviour simpler. Moreover, impact on requirement for CC#3 and CC#4 would be limited since SMTC periodicity for CC#3 and CC#4 could be just 80 ms or 160 ms. 
[image: ]
Figure 3: Example of CSF calculation in case where there would be four carriers which have different SMTC periodicities
Here, above observations could be realized based on Option 1 and Option 2, so these options could be still applicable. In addition to Option 1 and Option 2, CSF derived with different way according to group classified by SMTC periodicity could be another option from above discussion.
Observation 4: It could be considered as another option to apply different CSF definition for carrier group with two shorter SMTC periodicities and the other carriers.
Proposal 3: Definition of CSF should be down selected from following options.
· Option 1: Scaling factor based on averaged MG occasions utilized for measurement to optimize MG utilization efficiency.  (e.g. Alt. 3 in [2])
· Option 2: Scaling factor based on maximum number of measured carriers on a MG occasion within GURP. (e.g. CSF in [3])
· Option 3: Scaling factor derived based on following principles.
· When SMTC window is fully non-overlapped with the other measured carriers, CSF should be 1.
· When SMTC window is fully overlapped with the other measured carriers, CSF should be equal to number of measured carriers.
· When there would be two SMTC periodicities, CSF should be derived based on SMTC configurations on measured carrier.
· When there would be three or more SMTC periodicities, it should be avoided to define too loose delay requirements even for carriers with shorter SMTC periodicity, e.g. CSF is derived based on SMTC configurations at least for carriers with two shorter SMTC periodicities.
3. Conclusion
In this contribution, we provided our views on remaining issue on requirements of inter-frequency measurement and we made following observations and proposals.
Delay requirement for FR2
Proposal 1: For FR2, number of samples to derive PSS/SSS synchronization and RSRP measurement delay, Mpss/sss_sync_inter and Mmeas_period_inter, should be defined as following including AGC margin.
· Mpss/sss_sync_inter = Mmeas_period_inter = [48] for UE supporting PC1
· Mpss/sss_sync_inter = Mmeas_period_inter = [32] for UE supporting PC2, 3 and 4
Proposal 2: For FR2, number of samples to derive SSB time index detection delay, MSSB_index_inter, should be defined as following including AGC margin.
· MSSB_index_inter = [8] irrespective of UE power class
Carrier Scaling Factor (CSF)
Observation 1: In case where SMTC window on a measured carrier is fully non-overlapped or fully overlapped with that on the other carriers, CSF should be defined as following.
· CSF = 1, when SMTC window is fully non-overlapped with the other measured carriers.
· CSF = Number of measured carriers, when SMTC window is fully overlapped with the other measured carriers.
Observation 2: At least in case where measured carriers have two different SMTC periodicities, CSF should be derived based on SMTC configurations on measured carriers to optimize MG utilization efficiency.
Observation 3: When there would be three or more SMTC periodicities, it should be avoided to define too loose delay requirements even for carriers with shorter SMTC periodicity.
Observation 4: It could be considered as another option to apply different CSF definition for carrier group with two shorter SMTC periodicities and the other carriers.
Proposal 3: Definition of CSF should be down selected from following options.
· Option 1: Scaling factor based on averaged MG occasions utilized for measurement to optimize MG utilization efficiency. (e.g. Alt. 3 in [2])
· Option 2: Scaling factor based on maximum number of measured carriers on a MG occasion within GURP. (e.g. CSF in [3])
· Option 3: Scaling factor derived based on following principles.
· When SMTC window is fully non-overlapped with the other measured carriers, CSF should be 1.
· When SMTC window is fully overlapped with the other measured carriers, CSF should be equal to number of measured carriers.
· When there would be two SMTC periodicities, CSF should be derived based on SMTC configurations on measured carrier.
When there would be three or more SMTC periodicities, it should be avoided to define too loose delay requirements even for carriers with shorter SMTC periodicity, e.g. CSF is derived based on SMTC configurations at least for carriers with two shorter SMTC periodicities.
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CSF is derived only based on number of CCs

- e.g. CSF,; = CSF4, = Number of carriers
(e.g. CSFu3 = CSFyy = 4, in depicted case)

CSF is derived based on SMTC configurations and proportion of measurement opportunity
+ e.g. CSFy; = Kinters1 X Pinter = 4/3 X 4/3 = 16/9, in depicted case
* Kinters1 - Scaling factor derived based on SMTC configuration on CC#1 and CC#2

* Pinter: Proportion of measurement opportunity for CC#1 and CC#2

(e.9. Kinter#1 =1/(1-SMTC periodicity#1/(2*SMTC periodicity#2)) = 4/3, in depicted case)

(e.9. Pinter = 1/(1-MGRP/SMTC periodicity#3) = 4/3, in depicted case)
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