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1. Introduction
The main topic of the way forward in [1] covers non-collision, partial collision and full collision between intra-frequency gapless measurement, measurement gap and RLM-RS. The way forward provides a useful framework for the discussions in defining 5 measurement types, and 9 collision scenarios
Measurement types

1) RLM
2) Measurement type A: Intra-frequency measurement w/o MG and w/o interruption
· For FR1, no mixed numerologies is assumed for this measurement type
· For FR2, this measurement type is not applicable 
3) Measurement type B: intra-frequency measurement with interruption
· For FR1, mixed numerologies is assumed for this measurement type
· For FR2, Rx beam sweeping is assumed for this measurement type
4) Measurement type C: intra-frequency measurement with MG
· E.g. Intra-frequency measurement outside active BWP
5) Measurement type D: inter-frequency measurement  and inter-RAT measurement
Collision scenarios

· Fully overlapped scenarios
· Scenario 1a: All the occasions of Type A measurement are overlapped with MG
· Scenario 1b: All the occasions of Type B measurement are overlapped with MG
· Scenario 1c: All the occasions of RLM are overlapped with MG
· Partial overlapped scenarios
· Scenario 2a: Some of occasions of Type A measurement are overlapped with MG while other occasions of Type A measurement are outside the MG
· Scenario 2b: Some of occasions of Type B measurement are overlapped with MG while other occasions of Type B measurement are outside the MG
· Scenario 2c: Some of occasions of RLM are overlapped with MG while other occasions of RLM are outside the MG
· Fully non-overlapped scenarios
· Scenario 3a: None of the occasion of Type A measurement is overlapped with MG
· Scenario 3b: None of the occasion of Type B measurement is overlapped with MG
· Scenario 3c: None of the occasion of RLM is overlapped with MG
 Here, fully-non-overlapping, partial overlapping and fully overlapping refers to different instances of the two mechanisms under consideration. We would also highlight that even within measurement gap there is a further sharing mechanism so that the individual intra-frequency, inter-frequency, interRAT measurements and PRS can be measured.

2. Discussion

2.1. Fully non-overlapping scenarios 3a,3b and 3c

The fully non-overlapped scenarios are the most straightforward since it is unambiguous what activity the UE could be assumed to perform at each MG/RS instance to derive RAN4 requirements. There is one open issue indicated in the way forward which is 
· In scenario 3b:
· FFS the impact on UE performance on measurement and data Tx/Rx in case network configure this scenario for type B for small MGRP cases (e.g. 20ms)
Effectively, the issue could be that in a type B measurement, an interruption could be assumed to be taken every SMTC period (e.g. 20ms) and a non-colliding measurement gap also occurs. Clearly there can be a large impact on scheduling availability. For example, if there is a 5ms+2 symbol type B measurement and a 6ms gap every 20ms, more than half of the available radio time is lost through gaps or scheduling restrictions.

This problem could occur even for type B measurements without gap. Hence, we think it is a somewhat separate issue to the rest of the discussion on collision scenarios. Certain combinations are not very useful (for the example given there is >11ms of interruption in every 20ms). However, it also appears more straightforward in both RAN4 and UE implementation to define the performance of type B measurements and the performance of MG measurements orthogonally to each other when the scenario is fully non-overlapping. Hence, if the throughput impact from the type B measurement and gap are specified, it is for network to decide what is or is not an acceptable throughput loss
Proposal 1(scenario 3b): No action needs to be taken regarding throughput in scenario 3b for small MGRP

2.2. Partially overlapping scenarios 2a, 2b and 2c

The following was agreed for scenarios 2a, 2b and 2c in the way forward
	· In partial overlapped scenarios 2a/2b/2c, 
· Denoted by NA (Not Applicable)
· For those scenarios can be certainly avoided by NW, the corresponding requirements aren’t needed.
· FFS the expected UE behavior and corresponding requirements for the possible scenarios in the above table.
FR1/FR2
Within MG only
within/outside MG 
Outside MG only
2a(Type A)
NA for FR1 (Note-1)
FFS for FR1 (Note-1)
FFS for FR1 (Note-1)
2b(Type B)
FFS for FR1/FFS for FR2
FFS for FR1/FFS for FR2
FFS for FR1/FFS for FR2
2c(RLM)
NA for FR1/FFS for FR2
FFS for FR1/FFS for FR2
FFS for FR1/FFS for FR2
*Note-1: There is no Type-A measurement in FR2, hence the corresponding requirements aren’t needed
· FFS the expected UE behavior and corresponding requirements for the possible scenarios in the above table.


Considering scenario 2a: (Partial overlapped between MG and SMTC in type A), our view is that the type A measurement requirement should be defined on the non-overlapping subset of the type A measurements. Otherwise, to achieve better performance for intra, the UE would need to autonomously skip some of the MG to perform intra-frequency type A measurements. If the network wants the UE to skip some MG, a more efficient solution would be to configure a less dense gap pattern, which allows more opportunity for type A measurement.
Proposal 2(scenario 2a): MG takes priority over type A measurement in scenario 2a

For scenario 2b, the main difference is that the UE has scheduling restrictions during the intra-frequency type B measurement. Nevertheless, the UE may be scheduled during FR2 type B measurements, or if useServingCellTimingForSync is enabled on FR1. Also, it would be beneficial from a requirements point of view that the intra-frequency requirements are common between type A and type B gapless measurements. Hence, we make a similar proposal to proposal 2 for scenario 2b
Proposal 3(scenario 2b): MG takes priority over type B measurement in scenario 2b
For scenario 2c (partial collision between MG and RLM) similar considerations apply. The UE could not be scheduled in any MG so if it skips some MG to perform RLM it is less efficient than simply configuring a less dense MG pattern, even though the UE could autonomously improve the RLM at the expense of the gap-based measurement. Hence, we propose

Proposal 4(scenario 2c): MG takes priority over RLM  in scenario 2c
2.3. Fully overlapping scenarios
For fully overlapping scenarios, the first observation is that the UE cannot perform more than one of measurement gap, type A/B measurement on the same FR(s) as the MG, or RLM on the same FR(s) at the same moment in time. If per FR gaps are used (e.g. FR2 only gap) then the UE can still perform RLM or type A/B measurement (e.g. on FR1).

Observation 1: For per FR gap, the frequency range of the gap and the type A/B measurement/RLM should be considered in evaluating full overlap
Scenario 1c (full collision of RLM and MG) is already decided as the WF indicates  No requirement will be defined for scenarios 1c.
For type A/B measurement our earlier proposal was also to convert scenario 1a/1b to a partial collision scenario by either reconfiguring the SMTC to be more frequent (assuming that the SSBs are transmitted or can be reconfigured to be transmitted more frequently), or by reconfiguring the MG periodicity to be longer.

The alternative would appear to be to specify a sharing ratio between the type A/B measurement and the MG. The advantage of this approach is that (depending on the defined sharing ratio values) it can allow more settings. For example, if MGRP=40ms and MG are fully colliding with type A measurements with SMTC periodicity=40ms then the only options for the network are to configure MGRP=80ms/160ms, or to reconfigure SMTC periodicity=20ms. We can analyze the effective measurement performance
SMTC periodicity 40ms→20ms: Intrafrequency measurement is performed every 2nd intra SMTC so every 40ms (relaxed by 2 compared with configured SMTC due to the partial overlap). MG is performed every 40ms.

MG periodicity 40ms→80ms Intrafrequency measurement is performed every 80ms and MG is performed every 80ms
MG periodicity 40ms→160ms Intrafrequency measurement is performed 3 times every 80ms and MG is performed every 80ms

The analysis is illustrated in figure 1
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Figure 1: Different reconfigurations to avoid full MG/type (A/B) measurement collision

	
	Intra scaling compared to performance with 40ms SMTC period
	Inter scaling compared to performance with 40ms MGRP

	SMTC periodicity 40ms→20ms
	1.0Note 1 
	1.0 Note 1

	MG periodicity 40ms→80ms
	2.0
	2.0

	MG periodicity 40ms→160ms
	4/3
	4.0


	Note 1: This scheme comes with a cost of increased intrafrequency SSB overhead


Table 1 : Comparison of achievable performance with reconfiguration to partially overlapping scenario between type A/B and MG
We can compare this with a MG/intra sharing scheme. Already there is a scheme defined for intra/inter sharing within the gap-based measurements, so all that needs to change to allow gap sharing is to include the gapless type A/B measurement (which will overlap with the MG) also in the share.
	
	Intra scaling compared to performance with 40ms SMTC period
	Inter scaling compared to performance with 40ms MGRP

	Equal sharing
	Depends on total number of configured measurement objects
	Depends on total number of configured measurement objects

	X=25%
	4
	4/3

	X=50%
	2
	2

	X=75%
	4/3
	4


Table 2 : Comparison of achievable performance with configurable gap share between fully colliding type A/B measurement and MG
Comparing table 1 and table 2, we can observe that there is not such a big difference between achievable configuration under both schemes. However, this is for 40ms gap periodicity only. If the intrafrequency SMTC and MG were fully colliding with 80ms or especially 160ms periodicity there would be fewer options for reconfiguration, and it may be necessary to reduce intrafrequency SMTC period rather than increasing MG period.

For this reason, we are open to applying the gap sharing parameter which is already specified for the sharing between type C and type D measurements to also cover sharing between type A/B and type D.

Proposal 5 (scenario 1a): RAN4 discusses applying gap sharing between type A measurements and type D measurements

Proposal 6 (scenario 1b) RAN4 discusses applying gap sharing between type B measurements and type D measurements
3. Conclusion

Proposal 1(scenario 3b): No action needs to be taken regarding throughput in scenario 3b for small MGRP

Proposal 2(scenario 2a): MG takes priority over type A measurement in scenario 2a

Proposal 3(scenario 2b): MG takes priority over type B measurement in scenario 2b
Proposal 4(scenario 2c): MG takes priority over RLM  in scenario 2c
Observation 1: For per FR gap, the frequency range of the gap and the type A/B measurement/RLM should be considered in evaluating full overlap

Proposal 5 (scenario 1a): RAN4 discusses applying gap sharing between type A measurements and type D measurements

Proposal 6 (scenario 1b) RAN4 discusses applying gap sharing between type B measurements and type D measurements
4. References

[1] R4-1801829, “Way forward on UE measurement gap for NR”, Intel, Samsung, Nokia, Nokia Shanghai Bell, Huawei, HiSilicon, CMCC,
8
6

