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Introduction
RRM requirements for inter-RAT measurement without MG are discussed in RAN4#108, and outcomes are captured in WF [1]. Based on [1] the following issues need to be further discussed.
· Power imbalance for Case b-2
· Scheduling restriction 
· Searcher limitation
· Measurement requirements 
· UE behavior 
In this paper we will provide our views on RRM requirements for inter-RAT measurement without MG.
Discussion
Power imbalance for Case b-2
	Issue 2-1-1: power imbalance between LTE neighbouring cell and NR serving cell for case b-2
· Proposals
· Option 1: 6dB restriction.
· Option 2: No restriction.
· Option 2a: No restriction in the requirements. In the test case, the power difference between the NR serving cell and LTE target cell is no larger than 3dB.


We support option 2a.
We do not support to define side conditions on power imbalance for Case b-2. In our view, larger power difference between the NR serving cell and LTE target cell is not typical case. 
· On one hand, it is very unlikely that the power of LTE target cell is much larger than the NR serving cell. 
· On the other hand, if the power of LTE target cell is much lower than the NR serving cell, it is unlikely to meet the Es/Iot condition and such a cell is also not critical for mobility or CRS-IM. 
Besides, in R16 NR inter-frequency measurement without MG, RAN4 does not have such a condition.
To move forward, we suggest to limit the power difference between the NR serving cell and LTE target cell in the test case, e.g. to within 3dB. This is the power difference in R16 test case for inter-frequency measurement without MG in cl. A.6.6.2.11.
Proposal 1: No need to define side conditions on power imbalance for Case b-2. In the test case, the power difference between the NR serving cell and LTE target cell is no larger than 3dB.
Scheduling restriction 
	Issue 2-2-1: Scheduling restriction due to mixed numerology for case b-2
· Proposals
· Option 1: The scheduling restriction shall be defined for inter-RAT LTE measurement case b-2 with mixed numerology, -- serving cell and target MO have mixed SCS and they are in the same band, and UE does not support mixed SCS between serving cell and target MO.
· Option 1a: The scheduling restriction shall be defined for inter-RAT LTE measurement case b-1 and b-2 with mixed numerology, -- serving cell and target MO have mixed SCS and they are in the same band, and UE does not support mixed SCS between serving cell and target MO.
· Option 2: A new UE capability to support mix-numerology scheduling restriction for inter-RAT LTE measurement and NR data reception with 30KHz can be introduced.


For NR inter-frequency measurement without MG, either when inter-frequency SSB is within UE active BWP, or when UE has vacant RF chain for the inter-frequency layer, scheduling restriction is allowed for the case when serving cell and target MO have mixed SCS and are in the same band, when UE does not support mixed SCS, i.e. simultaneousRxDataSSB-DiffNumerology.
For inter-RAT LTE measurement, the SCS of target MO is always 15kHz, but the serving cell SCS can be same or different. We suggest to follow the same principle as NR inter-frequency measurement, i.e. to allow scheduling restriction based on UE capability.
On whether a new UE capability is needed, or existing simultaneousRxDataSSB-DiffNumerology can be re-used for inter-RAT LTE measurement, we do not have strong view.
Proposal 2: Define scheduling restriction for Case b-1 and b-2 when serving cell and target MO have mixed SCS and they are in the same band, and UE does not support mixed SCS between serving cell and target MO
	Issue 2-2-2: Scheduling restriction when UE does not support simultaneous Tx and Rx on the serving cell and target band  
· Proposals
· Option 1: Specify scheduling restriction.


In RAN4#106-bis-e. RAN4 agreed that scheduling restriction due to inter-RAT LTE measurement are applicable when UE does not support simultaneous Tx and Rx on the serving cell and target band
	Issue 2-5-2: Scheduling restriction for inter-RAT LTE measurements
 < Way forward/Agreement >: 
· Scheduling restriction due to inter-RAT LTE measurement are applicable when 
· UE does not support simultaneous Tx and Rx on the serving cell and target band
· FFS on Serving cell and target MO have mixed SCS and they are in the same band


We do not think the issue needs to be further discussed.
Proposal 3: RAN4 to define scheduling restriction for Case b-1 and b-2 when UE does not support simultaneous Tx and Rx on the serving cell and target band (as already agreed in RAN4#106-bis-e).
Searcher limitation
	Issue 2-3-1: searcher limitation
· Proposals
· Option 1: Inter-RAT LTE measurement without gap(case b-2) can be performed in parallel with NR measurement without searcher limitation.
· Option 2: Performing inter-RAT measurement and NR measurements in parallel without searcher limitation is NOT supported.


In option 1, some companies suggest that UE can do parallel measurement for LTE and NR MOs and as such the CSSF for inter-RAT LTE measurement would equal to the number of LTE MOs. We do not support this assumption. In our view, LTE and NR measurements could share the same memory and computation resources, so even LTE measurement can be taken outside SMTC window for NR measurement, it does not mean LTE measurement will have no impact on NR measurement or they can be done in parallel. 
When RAN4 defined requirements for inter-frequency without gap in Rel-16, CSSF outside MG is defined as the total number of intra- and inter-frequency MOs to be measured outside MG. Following the same principle, when inter-RAT LTE measurement is considered, the CSSF should be further updated by considering all MOs to be measured outside MG.
Proposal 4: Performing LTE and NR measurements in parallel without searcher limitation is NOT supported.
Measurement requirements 
	Issue 2-4-1: Overlap between Effective measurement window and SMTC/SSB
· Proposals
· Option 1: when EMW is configured overlapped with SMTC or SSB, SMTC/SSB will be dropped by the UE. 
· Option 2: when EMW is configured overlapped with SMTC/SSB/CSI-RS measurement, inter-RAT LTE meas will be dropped


We understand the issue depends on the outcome of searcher limit discussion. If searcher limit is considered, UE is not required to measure in the EMW and SMTC at same time, so there is no need to drop any of LTE or NR measurement because they are already time shared.
For L1 measurement in NR serving cells, there may be restrictions with LTE measurement for mixed SCS. More discussion is also needed here because the same measurement restriction can also happen with NR intra- or inter-frequency measurement, but it has not been addressed so far. 
Proposal 5: Discuss whether and how to handle collision between EMW and SMTC/SSB/CSI-RS after RAN4 concludes on searcher limit.
[bookmark: _GoBack]A similar issue is the collision between EMW and MG. No matter what is the conclusion from the searcher limit discussion, measurement in EMW and measurement in MG will not be accounted in the same CSSF, meaning UE may be required to measure them at same time from CSSF perspective (i.e. CSSF for both measurements is 1). However this is not possible, so RAN4 needs to discuss what happens when MG and EMW collide.
Since EMW is equivalent to SMTC, we suggest to re-use the collision handling between MG and SMTC for collision between MG and EMW, i.e. the EMW occasion colliding with MG will be dropped when EMW is partially overlapping with MG. This will lead to a scaling factor Kp for the LTE measurement requirements.
Proposal 6: When EMW is partially overlapped with MG, the EMW occasion colliding with MG will be dropped. 
When the EMW is fully overlapping with the MG, we understand UE is supposed to measure the LTE MO in the MG. In last meeting some companies suggest that NW should ensure EMW do not overlap with MG. We can see the motivation but we believe more consideration is needed here. EMW is defined to ensure NW to control the location of the scheduling restriction, and NW may choose to keep the scheduling restriction in the MG so that there is no additional data interruption when MG is configured. Of course, in this case, there is no need for NW to configure EMW. 
Based on above discussion, for an LTE MO that causes scheduling restriction should be measured in 
· EMW, if EMW is configured and not fully overlapped with MG; 
· MG, if MG is configured, and EMW is configured and fully overlapped with MG, or EMW is not configured;
If no EMW or MG is configured, NW would not be able to control the location of scheduling restriction, and it is obvious that UE should not be allowed to cause scheduling restriction anywhere. Our suggestion for this case is that UE is not required to perform the measurement, similar to the case where an inter-frequency MO is configured but no MG is configured.
Proposal 7: Inter-RAT LTE measurement that causes scheduling restriction is measured in
· EMW, if EMW is configured and not fully overlapped with MG
· MG, if MG is configured, and EMW is configured and fully overlapped with MG, or EMW is not configured
No requirements for the measurement apply if neither EMW or MG is configured. 
	Issue 2-4-2: Effective measurement window Configuration
· Proposals
· Option 1: 
· Table 1: Effective measurement window configuration and minimum available time
	Effective measurement window (EMW) Id
	Measurement Duration (MD, ms)
	Measurement Period
(MP, ms)
	Minimum available time for inter-RAT LTE measurements during 480 ms period
(Tinter1, ms)

	0
	5
	40
	60

	1
	5
	80
	30



· Option 2: RAN4 to additionally introduce the effective measurement window duration 2ms with periodicity 40ms, 80ms.
· Option 3: 20ms periodicity should be considered for effective measurement window and 2ms duration should be considered for effective measurement window.
· Option 4: 
· Table 1: Minimum available time for inter-RAT measurements when effective measurement window is configured
	EMW Pattern Id
	EMW Length (EMWL, ms)
	EMW Repetition Period
(EMWRP, ms)
	Minimum available time for inter-RAT measurements during 480 ms period
(TinterEMW, ms)

	0
	6
	40
	60

	1
	6
	80
	30

	2
	3
	40
	24Note 1

	3
	3
	80
	12Note 1

	4
	4
	40
	36 Note 1

	5
	4
	80
	18Note 1

	NOTE 1:	When determining UE requirements using TinterEMW for pattern IDs 2, 3, 4, 5, TinterEMW = 60 for pattern IDs 2, 4, and TinterEMW = 30 for pattern IDs 3 and 5 shall be used.





We do not see strong need for other values for the effective measurement window duration and periodicity. The baseline for LTE measurement is with MG pattern 0 and 1, which corresponds to the agreed window duration and periodicity. Supporting other values are optimization and may require additional UE capability, and we prefer not to further complicate the spec and implementation for this use case.
Proposal 8: No other values for the EMW duration and periodicity are defined.
	Issue 2-4-3: Scaling factor for case a-1
· Proposals
· Option 1: Update Nfreq to cover the inter-RAT NR MOs with no measurement gap.
· Option 2: For case a-1, RAN4 to follow the inter-RAT NR measurement in LTE to introduce the multiple frequency layers scaling factor Nfreq,NeedForGaps_interrupt and Nfreq,NeedForGaps_no_interrupt.
· Nfreq,NeedForGaps_interrupt is the total number of monitored inter-RAT NR carriers which belongs to the bands where UE reports ‘no gap with interruption’ in NeedForGaps;
· Nfreq,NeedForGaps_no_interrupt is the total number of monitored inter-RAT NR carriers which belongs to the bands where UE reports ‘no gap no interruption’ in NeedForGaps
· Option 3: 
· CSSF is replaced by the Nfreq which is the number of inter-frequency and inter-RAT carriers
· Klayer1_measurement is removed


Measurement requirements for Case a-1 should be defined following same principle as intra-NR measurement with NFG.
For the case with and without interruption, when the measurement is performed outside MG, the existing requirements in cl. 9.3.9 can be used as baseline with the following updates.
· There is no CSSF definition in LTE SA, so the CSSF should be replaced by Nfreq. In LTE, inter-frequency carriers that are measured without MG are also counted in Nfreq, and following same principle, in Case a-1 Nfreq should be defined as the number of inter-frequency and inter-RAT carriers.
· For FR2, Klayer1_measurement is used to account for L1 measurement in serving cells in the same band as the target carrier. LTE cannot be in the same band as NR FR2, so this factor is not needed anymore.
[bookmark: _Hlk141283769]Proposal 9: For Case a-1, when the measurement is performed outside MG, adopt the following updates based on existing requirements in cl. 9.3.9 (for the case where UE indicates ‘nogap-noncsg’ via NeedForGapNCSG-InfoNR).
· [bookmark: _Hlk133596814]CSSF is replaced by the Nfreq which is the number of inter-frequency and inter-RAT carriers
· Klayer1_measurement is removed 
	Issue 2-4-4: Scaling factor for case b-1 and b-2
· Proposals
· Option 1: Update CSSFinterRAT = CSSFouside_gap,i to take the inter-RAT LTE MOs with no measurement gap in to consideration.
· Option 2:
· In case b-1, RAN4 to define CSSF_(interRAT,gapless) equaling CSSF_(outside_gap) which additionally includes the number of inter-RAT LTE gapless measurement Mos
· In case b-2, RAN4 to define CSSF_(interRAT,gapless) which equals the number of configured inter-RAT LTE MOs within the active NR BWP
· Option 3: CSSFinterRAT is defined as CSSF outside MG, and inter-RAT carriers measured without MG are counted in CSSF outside MG


RAN4 agreed the framework for the measurement requirement for case b-1 and case b-2 while the definitions for some parameters are still open.
· For TBasicIdentify, we suggest to reuse the legacy requirement which is 480ms
· For Tinter1, it is calculated from the MGRP. In LTE, for inter-frequency carriers that are measured without MG, MGRP is assumed to be 40ms, and we suggest to reuse the same assumption. One special case is where measurement window is with 80ms periodicity, and Tinter1 should be calculated with 80ms MGRP.
· For CSSFinterRAT, it should be defined as CSSF outside MG, and all carriers that measured outside MG including the inter-RAT carriers should be counted in CSSF outside MG.
Proposal 10: For Case b-1 and b-2, 
· TBasicIdentify is 480ms
· Tinter1 is calculated based on 40ms MGRP unless the EMW is with 80ms periodicity
· CSSFinterRAT is defined as CSSF outside MG, and inter-RAT carriers measured without MG are counted in CSSF outside MG
UE behavior 
	Issue 2-5-1: Reporting of UE capability interRAT-NeedForIntrNR-r18 
· Proposals
· Option 1: Reporting of interRAT-NeedForIntrNR-r18 capability should be done based on network request.


After reading the contribution behind option 1, we understand the issue is in RAN2 scope. 
Proposal 11: RAN4 not to further discuss reporting of UE capability interRAT-NeedForIntrNR-r18.
Conclusions
In this paper we provided our views on RRM requirements for inter-RAT measurement without MG.
Proposal 1: No need to define side conditions on power imbalance for Case b-2. In the test case, the power difference between the NR serving cell and LTE target cell is no larger than 3dB.
Proposal 2: Define scheduling restriction for Case b-1 and b-2 when serving cell and target MO have mixed SCS and they are in the same band, and UE does not support mixed SCS between serving cell and target MO
Proposal 3: RAN4 to define scheduling restriction for Case b-1 and b-2 when UE does not support simultaneous Tx and Rx on the serving cell and target band (as already agreed in RAN4#106-bis-e).
Proposal 4: Performing LTE and NR measurements in parallel without searcher limitation is NOT supported.
Proposal 5: Discuss whether and how to handle collision between EMW and SMTC/SSB/CSI-RS after RAN4 concludes on searcher limit.
Proposal 6: When EMW is partially overlapped with MG, the EMW occasion colliding with MG will be dropped. 
Proposal 7: Inter-RAT LTE measurement that causes scheduling restriction is measured in
· EMW, if EMW is configured and not fully overlapped with MG
· MG, if MG is configured, and EMW is configured and fully overlapped with MG, or EMW is not configured
No requirements for the measurement apply if neither EMW or MG is configured. 
Proposal 8: No other values for the EMW duration and periodicity are defined.
Proposal 9: For Case a-1, when the measurement is performed outside MG, adopt the following updates based on existing requirements in cl. 9.3.9 (for the case where UE indicates ‘nogap-noncsg’ via NeedForGapNCSG-InfoNR).
· CSSF is replaced by the Nfreq which is the number of inter-frequency and inter-RAT carriers
· Klayer1_measurement is removed 
Proposal 10: For Case b-1 and b-2, 
· TBasicIdentify is 480ms
· Tinter1 is calculated based on 40ms MGRP unless the EMW is with 80ms periodicity
· CSSFinterRAT is defined as CSSF outside MG, and inter-RAT carriers measured without MG are counted in CSSF outside MG
Proposal 11: RAN4 not to further discuss reporting of UE capability interRAT-NeedForIntrNR-r18.
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