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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In [1], RAN4 had agreed the basic framework of intra-frequency measurement requirements in scenarios 2a and 2b in FR1. The corresponding requirement tables of PSS/SSS detection, SBI acquisition and measurement are also updated in [2]. Besides, the FR1 measurement requirements for deactivated SCells had also been agreed in [3]. In this paper, we further discuss the requirements regarding 2 SMTC periodicities of intra-frequency measurement object and provide the complete requirement tables of intra measurement requirements without gaps.
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 cells from smtc1 and 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



But, as we known, how UE chooses the SMTC periodicity of a certain layer 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. e.g., the measurement periods of both F0 and F1 are doubled.
[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 

There are other potential impact to beam management, beam failure detection and candidate beam identification, although we do not mention it above. Compared with LTE, above RRM requirements are already far more complicated in NR. At this moment, we prefer to avoid further complicating the requirements due to the consideration of 2 SMTC periodicities. Therefore, we propose to adopt smtc1 as the default SMTC in the requirement, and it is up to UE’s implementation to use smtc2. 
[bookmark: _Ref517714215]Proposal 1: Adopt smtc1 as the default SMTC in the requirement, and it is up to UE’s implementation to use smtc2.

3	Requirement of Intra-frequency measurement without gap

In this section, based on the basic framework in our other paper [4], we provide the complete requirements tables of intra-frequency measurement without gap. In these tables, we use i to denote the target carrier index #i and define some parameters as follows:
·  is the SMTC periodicity configured for target carrier #i 
·  is the DRX cycle length 
·  denotes the scaling factor for target carrier #i, considering the SMTC occasions are punctured by the measurement gap and/or shared with RLM
·  denotes the per-carrier defined scaling factor for target carrier #i, considering that the SMTC occasions of multiple carriers are collided or not

As discussed in [4], the requirement should be addressed in 5 different scenarios. Therefore, we specify the values of defined parameters in different scenarios as follows.
· Scenario A (1a/1b. Fully overlapped between MG and SMTC in Type A/B): We propose FR1 measurement requirements in Table 1-2 in Appendix. The requirements of measurement requirements in FR2, PSS/SS detection, and SBI acquisition can be extended similarly. Where
·  
·    
   
· Scenario B (2a/2b. Partial overlapped between MG and SMTC in Type A/B):
· Scenario B1: The SMTC in Type A/B and RLM-RS are partially overlapped. We propose FR1 and FR2 measurement requirements in Table 3-6 in Appendix as an example, while the requirement PSS/SS detection and SBI acquisition can be extended similarly. Where
· = 
·     
· Scenario B2: The SMTC in Type A/B and RLM-RS are fully overlapped. We propose FR1 and FR2 measurement requirements in Table 3-6 in Appendix as an example, while the requirement PSS/SS detection and SBI acquisition can be extended similarly. Where
· = 
·   
· Scenario C (3a/3b. Fully non-overlapped between MG and SMTC in Type A/B):
· Scenario C1: The SMTC in Type A/B and RLM-RS are partially overlapped. We propose FR1 and FR2 measurement requirements in Table 3-6 in Appendix as an example, while the requirement PSS/SS detection and SBI acquisition can be extended similarly. Where
· = 
·   

· Scenario C2: The SMTC in Type A/B and RLM-RS are fully overlapped. We propose FR1 and FR2 measurement requirements in Table 3-6 in Appendix as an example, while the requirement PSS/SS detection and SBI acquisition can be extended similarly. Where
· = 
·     

The detail values of have been discussed in [4] and [5]. The value of  in scenarios B1 was agreed in last meeting [1]. However, in other scenarios, the value of  will depend on the ratio of SMTC occasions outside MG are shared with the RLM . Considering that this ratio has not yet be defined, we propose that
[bookmark: _Ref514130554]Proposal 2: The ratio of SMTC occasions outside MG are shared with the RLM is a fixed value and equal to 2.

4	Summary 
In this contribution, we propose
Proposal 1: Adopt smtc1 as the default SMTC in the requirement, and it is up to UE’s implementation to use smtc2.
Proposal 2: The ratio of SMTC occasions outside MG are shared with the RLM is a fixed value and equal to 2.
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6	Appendix 

Table 1: Measurement period for intra-frequency measurements without gaps
 (PCell, PSCell and activated SCell) (Frequency FR1)
	DRX cycle
	T SSB_measurement_period  

	No DRX
	ceil( [8+Δ]) x max() x 

	DRX cycle≤ 320ms
	ceil(1.5x [8+Δ]) x max(,) x 

	DRX cycle>320ms
	ceil([8+Δ] ) x  x  



Table 2: Measurement period for intra-frequency measurements without gaps 
(deactivated SCell) (Frequency range FR1)
	DRX cycle
	T SSB_measurement_period  

	No DRX
	ceil( [8+Δ])  x measCycleSCell x 

	DRX cycle≤ 320ms
	ceil(1.5x [8+Δ]) x max(measCycleSCell, DRX cycle) x 

	DRX cycle> 320ms
	ceil([8+Δ] ) x max(measCycleSCell, DRX cycle) x 





Table 3: Measurement period for intra-frequency measurements without gaps 
(PCell, PSCell and activated SCell) (Frequency FR1)
	DRX cycle
	T SSB_measurement_period  

	No DRX
	max[ 200ms, ceil( 5 x ) x  x ]Note 1

	DRX cycle≤ 320ms
	max[ 200ms, ceil(1.5x 5 x ) x max(, ) x  ] 

	DRX cycle>320ms
	ceil( 5 x  ) x  x  



Table 4: Measurement period for intra-frequency measurements without gaps 
(PCell, PSCell and activated SCell) (Frequency FR2)
	DRX cycle
	T SSB_measurement_period  

	No DRX
	max[ 200ms, ceil( 5 x ) x N3 x  x ]Note 1

	DRX cycle≤ 320ms
	max[ 200ms, ceil(1.5x 5 x ) x N3 x max(, ) x  ] 

	DRX cycle>320ms
	ceil( 5 x  ) x N3  x  x  




Table 5: Measurement period for intra-frequency measurements without gaps 
(deactivated SCell) (Frequency range FR1)
	DRX cycle
	T SSB_measurement_period  

	No DRX
	ceil( 5 x ) x measCycleSCell x 

	DRX cycle≤ 320ms
	 ceil(1.5x 5 x ) x max(measCycleSCell, DRX cycle) x 

	DRX cycle> 320ms
	ceil( 5 x  ) x max(measCycleSCell, DRX cycle) x 




Table 6: Measurement period for intra-frequency measurements without gaps 
(deactivated SCell) (Frequency range FR2)
	DRX cycle
	T SSB_measurement_period  

	No DRX
	ceil( 5 x ) x N3 x measCycleSCell x 

	DRX cycle≤ 320ms
	 ceil(1.5x 5 x ) x N3 x max(measCycleSCell, DRX cycle) x 

	DRX cycle> 320ms
	ceil( 5 x  ) x N3 x max(measCycleSCell, DRX cycle) x 
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