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RAN4 has received an LS from RAN2 [1] on support of SFTD between NR PCell and NR neighbour cell for NR SA. In this contribution we provide a proposal on how to support SFTD in this scenario, and outline a response to RAN2.
Discussion related to LS
The LS from RAN2 contained the following questions:
Q1: Is there any issue in SMTC configuration and RRM measurement in NR SA when the NR SA cells are not synchronized?
Q2: If the answer in Q1 is “yes”, is it feasible to introduce SFTD measurement between NR PCell and neighbouring cells for NR SA in Rel-15?
Q3: If the answer in Q2 is “yes”, what would be limitations/conditions to support this SFTD measurement without gaps (e.g. in EN-DC, this is possible only if the UE supports corresponding EN-DC band combination)?


Regarding Q1, our view is that whether there is any issue depends on how coordinated the networks are with respect to information on neighbor cells. From the questions it seems that standardized inter-node signalling for exchange of SFN offset information is missing, hence problems related to determining suitable SMTC and MG offsets may arise in inter-vendor scenarios, i.e., where different network vendors have provided equipment for different bands, and therefore cannot rely on proprietary signalling for exchange of synchronization information. From RRM perspective it is essential that SMTC as well as properly aligned measurement gaps are provided by the gNB for the UE to conduct inter-frequency measurements. Hence we propose a confirmative response to Q1.
Regarding Q2, whether it is feasible to introduce SFTD measurements between NR PCell and NR neighbour cell for NR SA in Rel-15, we think that we need to separate the discussion into whether it is technically feasible and whether it is feasible with respect to timely completion of Rel-15. Our view is that it is technically feasible, and further below we provide a technical solution. From Rel-15 specification completion point of view the feasibility can be challenged, but given that RAN4 reverted the earlier agreement from RAN4#88 on supporting SFTD for this scenario at the RAN4#90 meeting, and that it seems that support of this feature may be a case of make-or-break for NR SA, we think it may be justified to re-introduce this SFTD scenario within the Rel-15 scope. In any case, SFTD is an optional UE capability. Hence also for Q2 we propose a confirmative response.
Regarding Q3, we think that in Rel-15, we can limit the scope to PCell in FR1 and neighbor cell in different FR1 band or in FR2, i.e. intra-band is excluded, further to the case where no NR PSCell is configured, and finally to that the UE supports the band combination. The limitations and conditions can be further discussed for future releases, as excluded scenarios require more time for analysis work.
Proposal 1: RAN4 to confirm to RAN2 that information provided by gNB on SMTC, as well as properly aligned MGs, are essential for RRM functionality. RAN4 further to confirm that it is technically feasible to introduce NR inter-frequency SFTD measurements in Rel-15 scope, with the following limitations:  PCell is in FR1, neighbour cell is in different FR1 band or in FR2, no PSCell is configured, and the band combination is supported by the UE.
Proposal 2: RAN4 to introduce inter-frequency SFTD measurements for NR SA.
A draft LS reply conveying the messages above is provided in [2].
 Proposed technical solution
The technical solution can be based on the corresponding approach for E-UTRA – NR inter-RAT SFTD without measurement gaps in TS 36.133. Interruption length and number of impacted slots will however depend on the frequency range to which the neighbour cell belongs, as well as on the numerologies used in PCell and active SCells in MCG.  For PCell or activated SCell in FR1, slot lengths are 1, 0.5 and 0.25 ms for SCS 15, 30 and 60kHz, respectively. The radio switching time (source of interruption) for NR neighbour cell in FR1 and FR2 is 0.5 and 0.25 ms, respectively. In cases where the slot length is twice or more of the interruption length, the impact of DL and UL slots can be limited to one slot each when proper planning of radio switching is carried out. When the slot length is on par with or shorter than the interruption length, it is unavoidable that multiple slots on DL and/or UL are impacted by the interruption. 
Proposal 3: Inter-frequency SFTD for NR SA is to be based on the solution for E-UTRA – NR inter-RAT SFTD. The maximum percentage of interrupted slots on PCell (and active SCell) depends on the numerology in use in the cell as well as on the radio switching time applicable to the FR to which the neighbour cell belongs.
The interruption lengths in DL and UL slots for PCell (and activated SCells) in FR1 and neighbour cell in FR1, where radio switching time is 0.5ms, are:
· PCell SCS 15kHz (µ=0): 1 slot
· PCell SCS 30kHz (µ=1): 2 slots
· PCell SCS 60kHz (µ=2): 4 slots
The interruption lengths in DL and UL slots for PCell (and activated SCells) in FR1 and neighbour cell in FR2, where radio switching time is 0.25 ms, are:
· PCell SCS 15kHz (µ=0): 1 slot
· PCell SCS 30kHz (µ=1): 1 slot
· PCell SCS 60kHz (µ=2): 2 slots
The SFTD acquisition time for NR neighbour cell can be reused from E-UTRA – NR inter-RAT SFTD, and is specified as:
- For neighbor cell in FR1:
- For SFTD measurements without additional SS-RSRP reporting: Tmeasure_SFTD = [14] SMTC periods
- For SFTD measurements with additional SS-RSRP reporting: Tmeasure_SFTD = [19] SMTC periods
- For neighbor cell in FR2: 
- For SFTD measurements without additional SS-RSRP reporting: Tmeasure_SFTD = [112] SMTC periods
- For SFTD measurements with additional SS-RSRP reporting: Tmeasure_SFTD = [152] SMTC periods
where SMTC refers to the SMTC of the neighbour cell as provided in the SFTD measurement configuration.
Proposals on maximum allowed interruption of DL and UL slots due to radio switching are provided in Tables 1 – 4 below, for PCell (and active SCells) in FR1 and neighbour cell in FR1 without or with RSRP reporting (Table 1 and Table 2, respectively), and PCell (and active SCells) in FR1 and neighbour cell in FR2 without or with RSRP reporting (Table 3 and Table 4, respectively). Note that for UEs with per-FR gap capability, no interruptions are necessary for the latter scenario.
Draft CRs on proposed core requirements and interruption requirements are provided in [3] and [4], respectively.  
Table 1: Maximum percentage of interrupted slots on DL and ULwithout RSRP reporting (FR1 – FR1)
	
	FR1 neighbour cell SSB periodicity (ms)

	PCell SCS
	5
	10
	20
	40
	80
	160

	Interruptions
A: AGC
C: Cell search
M: MIB
	A/2C/M
	A/3C/2M
	A/5C/2M
	A/10C/2M
	A/20C/2M
	A/40C/2M

	15 kHz 
Impact: 1 slot/int
	8/70  
11.4%
	12/140  
8.6%
	16/280 
5.7%
	26/560 
4.6%
	46/1120
4.1%
	86/2240
3.8%

	30 kHz 
Impact: 2 slots/int
	16/140
11.4%
	24/280
8.6%
	32/560 
5.7%
	52/1120
4.6%
	92/2240
4.1%
	172/4480
3.8%

	60 kHz
Impact: 4 slots/int
	32/280
11.4%
	48/560
8.6%
	64/1120
5.7%
	104/2240
4.6%
	184/4480
4.1%
	344/8960
3.8%



Table 2: Maximum percentage of interrupted slots on DL and UL with RSRP reporting (FR1 – FR1)
	
	FR1 neighbour cell SSB periodicity (ms)

	PCell SCS
	5
	10
	20
	40
	80
	160

	Interruptions
A: AGC
C: Cell search
M: MIB
R: RSRP
	A/2C/MR
	A/3C/2M/5R
	A/5C/2M/5R
	A/10C/2M/5R
	A/20C/2M/5R
	A/40C/2M/5R

	15 kHz
Impact: 1 slot/int
	8/95
8.4%
	22/190
11.6%
	26/380
6.8%
	36/760
4.7%
	56/1520
3.7%
	96/3040
3.2%

	30 kHz
Impact: 2 slots/int
	16/190
8.4%
	44/380
11.6%
	52/760
6.8%
	72/1520
4.7%
	112/3040
3.7%
	192/6080 
3.2%

	60 kHz
Impact: 4 slots/int
	32/380
8.4%
	88/760
11.6%
	104/1520
6.8%
	144/3040
4.7%
	224/6080
3.7%
	384/12160
3.2%



Table 3: Maximum percentage of interrupted slots on DL and ULwithout RSRP reporting (FR1 – FR2)
	
	FR2 neighbour cell SSB periodicity (ms)

	PCell SCS
	5
	10
	20
	40
	80
	160

	Interruptions
A: AGC
C: Cell search
M: MIB
	A/2C/M
	A/3C/2M
	A/5C/2M
	A/10C/2M
	A/20C/2M
	A/40C/2M

	15 kHz
Impact: 1 slot/int
	8/70  
11.4%
	12/140  
8.6%
	16/280 
5.7%
	26/560 
4.6%
	46/1120
4.1%
	86/2240
3.8%

	30 kHz
Impact: 1 slot/int
	8/140
5.7%
	12/280
4.3%
	16/560 
2.9%
	26/1120
 2.3%
	46/2240
2.1%
	86/4480
1.9%

	60 kHz
Impact: 2 slots/int
	16/280
5.7%
	24/560
4.3%
	28/1120
2.9%
	52/2240
2.3%
	92/4480
2.1%
	172/8960
1.9%



Table 4: Maximum percentage of interrupted slots on DL and UL with RSRP reporting (FR1 – FR2)
	
	FR2 neighbour cell SSB periodicity (ms)

	PCell SCS
	5
	10
	20
	40
	80
	160

	Interruptions
A: AGC
C: Cell search
M: MIB
R: RSRP
	A/2C/MR
	A/3C/2M/5R
	A/5C/2M/5R
	A/10C/2M/5R
	A/20C/2M/5R
	A/40C/2M/5R

	15 kHz
Impact: 1 slot/int
	8/95
 8.4%
	22/190
11.6%
	26/380
 6.8%
	36/760
4.7%
	56/1520
3.7%
	96/3040
3.2%

	30 kHz
Impact: 1 slot/int
	8/190
4.2%
	22/380
5.8%
	26/760
3.4%
	36/1520
2.4%
	56/3040
1.8%
	96/6080 
1.6%

	60 kHz
Impact: 2 slots/int
	16/380
4.2%
	44/760
5.8%
	52/1520
3.4%
	72/3040
2.4%
	112/6080
1.8%
	192/12160
1.6%



Summary and Conclusion
In this contribution we have discussed the LS from RAN2 [1] on introduction of inter-frequency SFTD for NR SA, and we have outlined a technical solution. The following proposals are made:
Proposal 1: RAN4 to confirm to RAN2 that information provided by gNB on SMTC, as well as properly aligned MGs, are essential for RRM functionality. RAN4 further to confirm that it is technically feasible to introduce NR inter-frequency SFTD measurements in Rel-15 scope, with the following limitations:  PCell is in FR1, neighbour cell is in different FR1 band or in FR2, no PSCell is configured, and the band combination is supported by the UE.
Proposal 2: RAN4 to introduce inter-frequency SFTD measurements for NR SA.
Proposal 3: Inter-frequency SFTD for NR SA is to be based on the solution for E-UTRA – NR inter-RAT SFTD. The maximum percentage of interrupted slots on PCell (and active SCell) depends on the numerology in use in the cell as well as on the radio switching time applicable to the FR to which the neighbour cell belongs.
A draft LS reply to RAN2 is provided in [2]. Draft CRs for introduction of core requirements and interruption requirements are provided in [3] and [4], respectively.
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