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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In last RAN4 #AH1807 meeting, the issue of dual SMTC periodicity is raised. However, RAN4 has not time to conclude which SMTC periodicity should be used to define the measurement requirement, including intra-frequency and inter-frequency. In this paper, we further discuss the impact on requirements regarding 2 SMTC periodicities of intra-frequency measurement object.
2	Requirements regarding 2 SMTC periodicities
For intra-frequency CONNECTED mode measurement, UE can be configured with 2 SMTC with different periodicities. The RRC signaling is already provided in measurement object (MO) in TS38.331 through smtc1 and smtc2, as captured below.
	smtc1                                   SEQUENCE {      
    periodicityAndOffset                CHOICE {
        sf5                             INTEGER (0..4),
        sf10                            INTEGER (0..9),
        sf20                            INTEGER (0..19),
        sf40                            INTEGER (0..39),
        sf80                            INTEGER (0..79),
        sf160                           INTEGER (0..159)
    },
    duration                            ENUMERATED { sf1, sf2, sf3, sf4, sf5 }
},
smtc2                                   SEQUENCE {
    pci-List       SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId OPTIONAL, -- Need M
    periodicity    ENUMERATED {sf5, sf10, sf20, sf40, sf80, sf160, spare2, spare1}
}                                       OPTIONAL,-- Cond IntraFreqConnected



In the MO, smtc2 is optional. If smtc2 is provided, a PCI list will also be signaled to inform UE of which cell(s) is associated with this different periodicity. For all the other cells not listed in the pci-List, UE assumes their SMTC periodicity following smtc1. According to RAN1 agreement in NR#2 meeting, the periodicity of smtc1 is longer than smtc2.

	Agreements:
•        Regarding the SS block based RRM measurement timing configuration (SMTC) i.e., measurement window periodicity/duration/offset information for UE RRM measurement per frequency carrier,
–       For intra-frequency CONNECTED mode measurement, up to two measurement window periodicities can be configured
•        UE can be informed of which cell(s) is associated with which measurement window periodicity
•        For cell(s) that is not listed, longer measurement window periodicity is used
•        Single measurement window offset and duration are configured per frequency carrier
<Remaining parts omitted.>



Now, in current TS38.133 spec, the requirement is cell-specified. One example is provided in Table 9.2.5.1-1 as below. According to current requirement, 
· For cells listed in the PIC list of smtc2, the requirement follows smtc2 (shorter periodicity). 
· For cells not listed in the PIC list of smtc2, the requirement follows smtc1 (longer periodicity). 
In real field, it is possible that UE detects some cells associated with smtc1 and some associated with smtc2. In this case, UE needs to choose a SMTC period in this frequency layer.
Table 9.2.5.1-1: Time period for PSS/SSS detection, (Frequency range FR1)
	DRX cycle
	TPSS/SSS_sync

	No DRX
	max[ 600ms, ceil( [5] x Kp) x SMTC period ]Note 1

	DRX cycle≤ 320ms
	max[ 600ms, ceil(1.5x [5] x Kp) x max(SMTC period,DRX cycle) ]

	DRX cycle>320ms
	Ceil([5] x Kp) x DRX cycle

	Note 1:  If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Based on current discussions, the measurement delay requirement of one frequency layer needs to consider not only its own SMTC but also the SMTCs from all the other intra- and inter-frequency layers that lead to colliding SMTC occasions. In other words, the SMTC of all configured MOs should be considered all together in order to determine the measurement delay requirement of one single layer. 
[bookmark: _Ref521676505]Observation 1: the SMTC of all configured MOs should be considered all together in order to determine the measurement delay requirement of one single layer.

Based on above observation, RAN4 needs to first determine a single SMTC periodicity of an intra-frequency layer will be used before specifying the corresponding intra-frequency and inter-frequency requirements. Otherwise, this dependency among frequency layers will lead to even more scenarios/combinations to be handled. For example, if NW configures N intra-frequency MOs to UE, then there could be up to 2N combinations due to the selection between smtc1 and smtc2. Considering there is no time to add signaling to coordinate a common understanding between UE and NW and the schedule to finalize the requirements, we suggest RAN4 to conclude on one single SMTC for each intra-frequency layer to be used in all intra-frequency and inter-frequency measurement requirements.
[bookmark: _Ref521676512]Observation 2: If NW configures N intra-frequency MOs to UE, then there could be up to 2N combinations due to the selection between smtc1 and smtc2. There is no signaling to coordinate a common understanding between UE and NW and to indicate which one is chosen.
[bookmark: _Ref521366351]Proposal 1: RAN4 to conclude on one single SMTC for each intra-frequency layer to be used in all intra-frequency and inter-frequency measurement requirements. 

As we known, which SMTC periodicity of a certain layer is chosen will have some impact in different requirements:
· Intra-frequency measurement requirements in CA
Because searcher is shared, choosing a different SMTC periodicity in one carrier has the impact on the requirement in other CCs. For an example, consider below Figure 1. Choosing smtc1 in F0 has no impact on F1. Choosing smtc2 in F0 has impact on F1. The impact also depends on the SMTC periodicity chosen by F1. If smtc1 is chosen for F1, half of SMTC occasions of F0 will be collided by F1. If smtc2 is chosen for F1, only quarter of SMTC occasions of F0 will be collided by F1.
[image: ]
Figure 1: Impact of SMTC periodicity selection to other intra-frequency layers in CA

· Inter-frequency measurement requirement 
Different SMTC periodicities may turn out have different colliding relationship with gap. For an example, consider below Figure 2. 
· Choosing smtc1 leads to the case that SMTC occasions are fully-colliding with gap (1a/1b). Measurement is based on those occasions inside gap. Gap sharing is needed. Impact to inter-frequency requirement for F2 is expected. 
· Choosing smtc2 leads to the case that SMTC occasions are partially colliding with gap (2a/2b). Measurement is based on those occasions outside gap. Gap sharing is not needed. And in this case, UE would never detect those cells not in the PCI list of smtc2.

[image: ] 
Figure 2: Impact of SMTC periodicity selection to other inter-frequency layers 


· RLM evaluation period
It is expected that smtc1 and smtc2 may have different impact to RLM requirement in FR2. For an example, consider below Figure 3. If SMTC occasions and RLM-RS are fully collided, a sharing factor is needed to specify how SSB is shared by RRM and RLM (Figure 3(a)). Otherwise, RLM requirement is based on only those SSB bursts not taken by RRM. (Figure 3(b)) 

[image: ] 
Figure 3. Impact of SMTC periodicity selection to RLM 


When NW configures N intra-frequency MOs to UE, there are three options for UE to choose a unique requirement out of 2N combinations: 1) always choose smtc1, 2) always choose smtc2, 3) based on scenarios to choose smtc1 or smtc2 
[bookmark: _Ref521676534]Proposal 2: RAN4 to discuss which options will be used to define a unique requirement for a group of given SMTC configurations. The options are: 1) always choose smtc1, 2) always choose smtc2, 3) based on scenarios to choose smtc1 or smtc2.

Option 1 and 2 in above proposal are very easy to evaluate, here we would like to further discuss the option 3. In last meeting, RAN4 had agreed to use smtc2 as the default SMTC periodicity to specify the requirement of RLM [1]
	If the high layer in TS 38.331 [2] signaling of smtc2 is present, TSMTCperiod follows smtc2; Otherwise TSMTCperiod follows smtc1.


This principle is applicable because RLM is always measured outside the MG. As the example shown in Figure 2, if we always adopt smtc2 to specify the requirement of frequency layers, including intra-frequency and inter-frequency, it might eliminate the measured opportunity of cells not listed in the PIC list (smtc1). To allow UE can measure both smtc1 and smtc2, the requirement of measurement within the MG should use smtc1 and the requirement of measurement outside the MG should use smtc2 to define the corresponding requirements. Which means that the choice of SMTC periodicity should depends on whether it is overlapped with MG or not. We then list all possible combinations as follows:
1. smtc1 (1a1b) and smtc2(1a1b):
     [image: ]
2. smtc1 (1a1b) and smtc2(2a2b):
[image: ]
3. smtc1 (1a1b) and smtc2(3a3b):
     [image: ]
4. smtc1 (2a2b) and smtc2(1a1b):
     [image: ]
5. smtc1 (2a2b) and smtc2(2a2b):
     [image: ]
6. smtc1 (2a2b) and smtc2(3a3b):
[image: ]
7. smtc1 (3a3b) and smtc2(1a1b):
    [image: ]
8. smtc1 (3a3b) and smtc2(2a2b):
[image: ]
9. smtc1 (3a3b) and smtc2(3a3b):
    [image: ]

[bookmark: _GoBack]In Table 1 we list all the combinations that considers the collision between SMTC occasions and MG, where which SMTC periodicity should be used to define the corresponding requirements of influenced frequency layer is also specified to allow UE to measure both SMTC periodicities. Please note that the requirement of intra-frequency itself should always use smtc1, i.e., the loose one to allow UE to measure both SMTC periodicities.
[bookmark: _Hlk497144372][bookmark: _Hlk505013260]Table 1: Scenarios of option 3
	
	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



4	Summary 
In this contribution, we observe that
Observation 1: the SMTC of all configured MOs should be considered all together in order to determine the measurement delay requirement of one single layer.
Observation 2: If NW configures N intra-frequency MOs to UE, then there could be up to 2N combinations due to the selection between smtc1 and smtc2. There is no signaling to coordinate a common understanding between UE and NW and to indicate which one is chosen.
And we propose
Proposal 1: RAN4 to conclude on one single SMTC for each intra-frequency layer to be used in all intra-frequency and inter-frequency measurement requirements.
Proposal 2: RAN4 to discuss which options will be used to define a unique requirement for a group of given SMTC configurations. The options are: 1) always choose smtc1, 2) always choose smtc2, 3) based on scenarios to choose smtc1 or smtc2.
5	Reference 
[1] R4-1809534, CR for remaining issues for RLM, Nokia, Jul. 2018.
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