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Introduction
Impact of dual SMTC periodicities is under discussion in RAN4. Following agreements are reached in RAN4 #88
	RAN4 #88 Agreements: 
· RAN4 to decide in the next meeting on which SMTC periodicity is assumed in a intra-frequency layer in below requirements
· Category A: Intra-frequency measurement requirements on the frequency layer with dual SMTC periodicities
· Category B: Other RRM requirements confirmed that is impacted
· Possible list of category B requirements
· In TS 38.133
· 8.2.1.2.5.1 Interruptions during measurements on deactivated NR SCC
· 8.5 Link Recovery Procedures
· 9.2 NR intra-frequency measurements
· 9.2.5.3 Scheduling availability of UE during intra-frequency
· 9.3 NR inter-frequency measurements 
· 9.4 Inter-RAT measurement measurements
· 8.1 Radio link monitoring
· In TS 36.133
· 8.17.3 E-UTRA Inter-frequency Measurements when configured with EN-DC Operation
· 8.17.4 E-UTRA Inter-RAT NR Measurements when Configured with EN-DC Operation
· Companies are encouraged to confirm the list of requirements are impacted by dual SMTC periodicities
· RAN4 to discuss which options will be used to define the requirements: 
· Option 1: 
· Both Category A and Category B assume smtc1
· Option 2: 
· Both Category A and Category B assume smtc2
· Option 3: 
· Category A always assumes smtc1
· Category B always assumes smtc2
· Option 4: 
· Scenario-based rule
· Category A always assumes smtc1
· Category A always assumes smtc1
	
	Smtc2

	
	Fully overlapped
	Partially overlapped
	Fully 
non-overlapped

	Smtc1
	Fully overlapped
	Meas. within MG
smtc2
	Meas. within MG
smtc1
	N/A

	
	
	Meas. outside MG
N/A
	Meas. outside MG
smtc2
	

	
	Partially overlapped
	N/A
	Meas. within MG
N/A
	N/A

	
	
	
	Meas. outside MG
smtc2
	

	
	Fully non-overlapped
	N/A
	Meas. within MG
N/A
	Meas. within MG
N/A

	
	
	
	Meas. outside MG
smtc2
	Meas. outside MG
smtc2


· Option 5:
· Category A assumes the configured smtc1 or smtc2 depending on PCI
· Category B: FFS 


In this contribution, we continue to discuss on this issue.
Discussion on impact of dual SMTC periodicities
Connected state is our only concern since dual SMTC periodicities for intra-frequency carrier are only available in connected state. In this section, we list all requirements related to SMTC periodicities in connected state and analyze the possible impacts.
1. Handover, RRC re-establishment, RRC release with redirection and SCell activation. 
Generally speaking, dual SMTCs have nothing to do with delay requirements for handover, re-establishment, release with redirection and SCell activation since only single SMTC periodicity will be configured in RRC command according to 38.331 (texts labeled yellow in the following table). 
However, as the texts labeled blue in the following tables, there exists a possibility that smtc IE is absent. Then according to the description in 38.331 UE should use the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If there are dual SMTC periodicities configured in that MO it is unclear which SMTC periodicity should be used. Since smtc1 in measObjectNR is a subset of smtc2 and UE can find SSBs from all cells in that carrier. We propose to use smtc1. 
	[bookmark: _Hlk508859181]ReconfigurationWithSync ::=			SEQUENCE {
	spCellConfigCommon	ServingCellConfigCommon     OPTIONAL,     -- Need M
	newUE-Identity           RNTI-Value,
	t304                       ENUMERATED {ms50, ms100, ms150, ms200, ms500, ms1000, ms2000, ms10000},
		rach-ConfigDedicated     CHOICE {
			uplink                               RACH-ConfigDedicated,
			supplementaryUplink				RACH-ConfigDedicated
	}                                                            OPTIONAL,	-- Need N
	...,
	[[
	smtc                             SSB-MTC                  OPTIONAL	-- Need S
	]]
}

		ReconfigurationWithSync field descriptions

	rach-ConfigDedicated
Random access configuration to be used for the reconfiguration with sync (e.g. handover). The UE performs the RA according to these parameters in the firstActiveUplinkBWP (see UplinkConfig).

	smtc
The SSB periodicity/offset/duration configuration of target cell for NR PSCell change and intra-NR handover. For case of intra-NR handover, it is based on the timing reference of PCell. For case of NR PSCell change, it is based on the timing reference of PSCell. If the field is absent, the UE uses the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing.





Table 1: SMTC configuration for handover
	SCellConfig ::=                     SEQUENCE {
    sCellIndex                          SCellIndex,
    sCellConfigCommon                   ServingCellConfigCommon                                                 OPTIONAL,   -- Cond SCellAdd
    sCellConfigDedicated                ServingCellConfig                                                       OPTIONAL,   -- Cond SCellAddMod
    ...,
    [[
    smtc                                SSB-MTC                                                                 OPTIONAL    -- Need S
    ]]
}
	SCellConfig field descriptions

	smtc
The SSB periodicity/offset/duration configuration of target cell for NR SCell addition. It is based on the timing reference of SpCell of associated cell group. If the field is absent, the UE uses the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing





Table 2: SMTC configuration for SCell activation
	[bookmark: _Hlk523303094]RedirectedCarrierInfo ::=			CHOICE {
	nr									CarrierInfoNR,
	eutra								RedirectedCarrierInfo-EUTRA,
	...
}


RedirectedCarrierInfo-EUTRA ::=			SEQUENCE {
	eutraFrequency							ARFCN-ValueEUTRA,
	cnType-r15                     			ENUMERATED {epc,fiveGC}			OPTIONAL
}

CarrierInfoNR ::= SEQUENCE {
	carrierFreq							ARFCN-ValueNR,
    ssbSubcarrierSpacing				SubcarrierSpacing,
	smtc								SSB-MTC 								OPTIONAL,      -- Need S
...
}
	CarrierInfoNR field descriptions

	carrierFreq
Indicates the redirected NR frequency.

	ssbSubcarrierSpacing
Subcarrier spacing of SSB in the redirected SSB frequency. Only the values 15 or 30 (<6GHz), 120 kHz or 240 kHz (>6GHz) are applicable.

	smtc
The SSB periodicity/offset/duration configuration for the redirected SSB frequency. It is based on timing reference of PCell. If the field is absent, the UE uses the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing.





Table 3: SMTC configuration for release with redirection
Proposal 1: SMTC1 in MO should be used for handover, RRC re-establishment, RRC release with redirection and SCell activation if smtc IE is absent in RRC command.
Proposal 2: Send LS to RAN2 to inform RAN4’s decision.
2. RLM, BFD and L1-RSRP. 
According to the conclusion of RAN4, RLM/BFD/L1-RSRP are only performed on SSB/CSI-RS outside the MG in FR1, and only perform RLM/BFD/L1-RSRP on the SSBs/CSI-RSs outside the MG and SMTC in FR2 if such SSBs/CSI-RSs exists. And RLM/BFD/L1-RSRP and RRM measurement should share the SSB/CSI-RS occasion if all SSB/CSI-RS for RLM/BFD/L1-RSRP outside MG are fully overlapped with SMTC. In this two case, dual SMTC periodicities should be considered in calculating the scaling factor for RLM/BFD/L1-RSRP evaluation period and so on. 
In RAN4 AH1807 we have discussed the impact of dual SMTC periodicities on RLM evaluation period. Contradiction occurs in certain scenarios when second SMTC is configured for intra-frequency carrier. Take the scenario depicted in fig. 1 as an example. Assume RLM-RS and smtc2 have the same periodicity which is twice the periodicity of smtc1. RLM-RS and smtc2 are fully overlapped. RLM-RS and smtc1 are partially overlapped. If we treat two SMTCs separately, then UE should perform intra-frequency measurements on all SMTC occasions of smtc1 and do RLM on RLM-RSs which are non-overlapped with smtc1. On the other hand, RLM and intra-frequency should share all the SMTC occasions of smtc2 since RLM-RS and smtc2 are fully overlapped. Then comes the contradiction: shall we only perform RLM measurement on SMTC window A in fig.1 or can do both RLM and intra-frequency measurement? Shall we only perform intra-frequency measurement on SMTC window B in fig.1 or can do both RLM and intra-frequency measurement?

Figure.1 Demonstration of contradiction occurred when treat smtc1 and smtc2 separately
In order to avoid confusion, RAN4 has agreed that periodicity of SMTC2 should be used when calculating the scaling factor for RLM. In our opinion this principle can also applies to BFD and L1-RSRP. So we propose to use periodicity of SMTC2 in RLM/BFD/L1-RSRP requirements.
Proposal 3: If configured, smtc2 in MO is used in RLM/BFD/L1-RSRP requirements, otherwise smtc1 is used.
3. Scheduling availability for SSB based intra-frequency measurements. 
It is already agreed that smtc2 will be used. 
Observation 1: It is agreed that smtc2 should be used in scheduling availability for SSB based intra-frequency measurements if configured, Otherwise SMTC1 should be used.
4. Impacts on measuring multiple intra-frequency carriers. 
In RAN4 #88 some company mentions that collision of intra-frequency SMTCs will makes requirements for intra-frequency measurements more complicated [1]. However, this concern is unnecessary. Although discussion on the scaling factor  isn’t finished yet, RAN4 has already reached conclusion on  for FR1. For FR1 two searcher are used as baseline. One searcher is used for PCell/PSCell and another one is shared among SCells. 
	RAN4 #87 Agreements：
FR1 only operation
· 1 additional searcher equivalent (2 searchers)
RAN4 #88 Agreements：
	
	Kca for FR1 PCell/PSCell
	Kca for FR1 SCells
	FR1 overlap definition
	Kca for FR2 PCell/PScell
	Kca for FR2 SCC where UE measures up to 6 cells
	Kca for other FR2 SCells
	FR2 overlap definition

	FR1 CA without NR-NR DC
	1
	Number of configured SCells
	
	N/A
	
	N/A
	N/A

	FR2 CA without NR-NR DC
	N/A
	N/A
	N/A
	1 
	N/A
	
	

	Note : Only intraband CA is considered in FR2, all NR serving cells are within the same band in FR2





So two intra-frequency carriers can be measured in parallel if they are one PCC/PSCC and one SCC. And if they are two SCCs, they can be measured in TDM manner depicted in fig.2 since requirement has already been scaled by  which equals to number of configured SCells. So at least for FR1, collision of intra-frequency SMTC won’t affect requirements for intra-frequency measurements.


Fig.2 impact of dual SMTC periodicities don’t exist for measuring multiple intra-frequency carriers
Observation 2: collision of intra-frequency SMTCs won’t affect requirements for intra-frequency measurement for FR1 so there is no need to consider dual SMTCs in the discussion of measurement on multiple serving CCs.
Proposal 4: Impact of dual SMTCs on measurement on multiple serving CCs is not considered.
5. Intra-frequency measurement requirements
In last meetings RAN4 has discussed the collision of SMTC for intra-frequency measurement without gap (type A measurement) or intra-frequency measurement with interruption (type B measurement) and MG. The principle to solve the collision is:
Principle 1: If SMTC is fully overlapped with MG, Type A/B measurement should share the measurement occasion with measurements which need gaps such as intra-frequency measurements with gap (Type C measurements) and inter-frequency measurements/inter-RAT measurements (Type D measurements). 
Principle 2: If SMTC is partially overlapped with MG, Type A/B measurement are only performed on SMTC occasions outside gap.
However, dual SMTCs are seldom considered in previous discussion. Due to the different periodicities, smtc1 and smtc2 may have different overlapping relationship with MG. Here we list all possible scenarios. 
· Case 1: smtc1 and smtc2 are both fully overlapped with MG. In this case (fig.3), principle 1 should apply. Both SMTC1 and SMTC2 should share with MG.


Fig.3 demonstration of case 1.
· Case 2: smtc1 is fully overlapped with MG, smtc2 is partially overlapped with MG. If we use principle 2 to only perform type A/B measurement outside MG, then the cells which are not in PCI-list of smtc2 will never be measured. 


Fig.4 demonstration of case 2
To solve this problem, we propose that UE also performs measurements in SMTC occasions belong to smtc1. Furthermore, UE also performs measurements on SMTC occasions outside MG to enable more frequently measurement for cells in PCI-list of smtc2 (depicted in fig.2). As a result, the scaling factor  for cells in PCI-list of SMTC2 shall be modified to:

where  is the scaling factor for gap sharing, and  is the scaling factor for sharing between intra-frequency measurements and RLM/BFD/L1-RSRP.  if smtc2 is fully overlapped with RLM-RS/BFD-RS/RS for L1-RSRP, else .
· Case 3: smtc1 and smtc2 are both partially overlapped with MG. In this case (fig.5), principle 2 should apply. Both smtc1 and smtc2 should be measured outside MG. 


Fig.5 demonstration of case 3
· Case 4: smtc1 is non-overlapped, smtc2 is partially overlapped with MG. In this case (fig. 6a) principle 2 should apply. Both smtc1 and smtc2 should be measured outside MG. There is a possibility that all SMTC occasions only belongs to smtc2 are overlapped with MG. As a result cells in PCI-list will be measured as frequently as cells not in PCI-list (fig. 6b). However, UE can work anyway.


Fig.6a demonstration of case 4


Fig.6b another demonstration of case 4
· Case 4: smtc1 and smtc2 are both non-overlapped with MG. In this case (fig.6), both smtc1 and smtc2 are measured normally.


Fig.6 Another case of case 4
Our opinions on impact of dual SMTC periodicities on intra-frequency measurements are summarized in the following table:
Proposal 5: When dual SMTC periodicities are configured for intra-frequency carrier, UE behavior given in the following table should be adopted. 
	
	smtc2

	
	Fully overlapped
	Partially overlapped
	Fully non-overlapped

	smtc1
	Fully overlapped
	Measure within MG
smtc1
	Measure within the MG
smtc1
	N/A

	
	
	Measure within MG
smtc2
	Measure within the MG overlaps with smtc1 and outside MG
smtc2
	

	
	Partially overlapped
	N/A
	Measure outside the MG
smtc1
	N/A

	
	
	
	Measure outside the MG
smtc2
	

	
	Fully non-overlapped
	N/A
	Measure outside MG
smtc1
	Measure outside MG
smtc1

	
	
	
	Measure outside MG
smtc2
	Measure outside MG
smtc2



Corresponding draft CR is given in [3].
Conclusion
In this contribution remaining issues on impact of dual SMTCs are discussed and the following observations and proposals are given. 
Observation 1: It is agreed that SMTC2 should be used in scheduling availability for SSB based intra-frequency measurements if configured, Otherwise SMTC1 should be used.
Observation 2: collision of intra-frequency SMTCs won’t affect requirements for intra-frequency measurement for FR1 so there is no need to consider dual SMTCs in the discussion of measurement on multiple serving CCs.
Proposal 1: SMTC1 in MO should be used for handover, RRC re-establishment and RRC release with redirection if SMTC is absent in RRC command.
Proposal 2: Send LS to RAN2 to inform RAN4’s decision.
Proposal 3: If configured, SMTC2 in MO should be used in RLM/BFD/L1-RSRP requirements. Otherwise SMTC1 should be used.
Proposal 4: FFS the potential impact of dual SMTCs on measurement on multiple serving CCs in FR2.
Proposal 5: When dual SMTCs are configured for intra-frequency carrier, UE behavior given in the following table should be adopted. 
	
	Smtc2

	
	Fully overlapped
	Partially overlapped
	Fully non-overlapped

	Smtc1
	Fully overlapped
	Measure within MG
smtc1
	Measure within the MG
smtc1
	N/A

	
	
	Measure within MG
smtc2
	Measure within the MG overlaps with smtc1 and outside MG
smtc2
	

	
	Partially overlapped
	N/A
	Measure outside the MG
smtc1
	N/A

	
	
	
	Measure outside the MG
smtc2
	

	
	Fully non-overlapped
	N/A
	Measure outside MG
smtc1
	Measure outside MG
smtc1

	
	
	
	Measure outside MG
smtc2
	Measure outside MG
smtc2
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