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Introduction
In the WF from RAN4#101-e meeting, [2], RAN4 agreed on the following with regards to RRM requirements for CG-SDT:
	RAN4 introduce requirements for CG-SDT in a similar approach to LTE PUR



And in the same WF, the following agreement was made with regards to TA validation requirements:
	RAN4 defined two window sizes and RAN2 defines two thresholds for TA validation.



In RAN4#101-e meeting, RAN4 also agreed on the workplan in [3], which contained the following worksplit:
	0. Tentative agreements on the draft CR worksplit:
	Draft CR
	Responsible Company

	UE synchronization
	[Ericsson]

	TA validation
	[Nokia]

	UE transmit timing
	[Huawei]

	Big CR
	[ZTE]






In this paper we present our view on the TA validation requirements for CG-SDT, based on the agreements above.
TA validation discussion

LTE PUR baseline
The existing LTE PUR requirements for TA validation are specified in TS 36.133, 4.6.3.3 (NB-IoT) and TS 36.133, 4.7.4.3 (Cat M1/M2).
The specification text from TS 36.133, 4.7.4.3, is duplicated in Annex A for reference.
CG-SDT
When the LTE PUR formula is considered, the time T2’ relates to the time when the RSRP2 measurement is performed, and T2 is the time when the UE performs the TA validation, see Figure 1. One problem with this approach is that T2/T2’ are not directly related to the time when the UE does the actual LTE PUR transmission. Likewise, if we use the same approach for NR CG-SDT TA validation, there would be no connection between the time when the UE performs the measurement, TA validation and the time when the UE transmits CG-SDT. This will make it hard to test the NR CG-SDT TA validation as there are no UE externally available timing reference points for the RSRP2 measurement.


[bookmark: _Ref91044439]Figure 1: Example of RSRP measurement windows for LTE PUR TA validation.
Therefore, we would like to propose that the timing for the NR CG-SDT TA validation window should use a formula that relates to the time of the NR CG-SDT occasion (T3), see Figure 2.


[bookmark: _Ref92175892]Figure 2: Example of RSRP measurement windows for NR CG-SDT TA validation, introducing T3.
With the LTE PUR formula using T2, the RRM requirements do not include the distance between T2 and the actual time for the LTE PUR transmission. 
TA validation formulas should take into account the time of the NR CG-SDT occasion. 
For LTE PUR, the two windows where the RSRP measurements for TA validation are considered valid are based on DRX cycles. If relaxed serving cell monitoring is configured, the UE is allowed to relax the requirements for the measurement windows accordingly. We propose a similar approach for CG-SDT.
RAN4 to adopt the following formula for RSRP1 validation : (T1 – min(X ms, M1´N1´ DRX cycle)) ≤  T1’ ≤  (T1 + min(X ms, M1´N1´DRX cycle)).
RAN4 to adopt the following formula for RSRP2 validation : T3 – min(X ms, M1´N1´DRX cycle) ≤ T2’ ≤ T2 ≤ T3, where T3 is the time of the CG-SDT occasion.
LTE PUR specifies a minimum value X of 480 ms for normal coverage, and 800 ms for enhanced coverage, see Annex A. It is our understanding that these minimum values are based on the requirement for measurement delay, Tmeasure_intra_UE cat M1, from TS 36.133, Table 8.13.2.1.3.1-1 and Table 8.13.3.1.3.1-1, see Annex B. The corresponding parameter for NR is TSSB_measurement_period_intra, specified in TS 38.133, Table 9.2.5.2-1 (FR1) and Table 9.2.5.2-2 (FR2), see Annex C. It would make sense to adopt an approach similar to LTE PUR and base the minimum requirement for the RSRP measurement window for NR CG-SDT TA validation on the requirements for intra-frequency measurements. Table 9.2.5.2-1 and Table 9.2.5.2-2 of TS 38.133 could suggest values for NR CG-SDT TA validation formula parameter X of 200 ms for FR1 and 400 ms for FR2. With these values, the formula min(X ms, M1xN1xDRX cycle) will always result in 200ms for FR1 and 400 ms for FR2, using the values of N1 and M1 coming from Table 4.2.2.2-1 of TS 38.133.
The minimum length of the RSRP window for LTE PUR TA validation is based on the value of Tmeasure_intra_UE cat M1 from TS 36.133, table 8.13.2.1.3.1-1 and table 8.13.3.1.3.1-1.
NR specifies TSSB_measurement_period_intra in TS 38.133, Table 9.2.5.2-1 (FR1) and Table 9.2.5.2-2 (FR2).
RAN4 to discuss the minimum RSRP measurement window parameter X for NR CG-SDT TA validation from min(X ms, M1´N1´DRX cycle). 

Conclusion
In this paper we have presented Nokia’s views on TA validation for CG-SDT RRM requirements. As part of this discussion, the following observations and proposals were derived: 
1. With the LTE PUR formula using T2, the RRM requirements do not include the distance between T2 and the actual time for the LTE PUR transmission. 
1. TA validation formulas should take into account the time of the NR CG-SDT occasion. 
1. RAN4 to adopt the following formula for RSRP1 validation : (T1 – min(X ms, M1´N1´ DRX cycle)) ≤  T1’ ≤  (T1 + min(X ms, M1´N1´DRX cycle)).
1. RAN4 to adopt the following formula for RSRP2 validation : T3 – min(X ms, M1´N1´DRX cycle) ≤ T2’ ≤ T2 ≤ T3, where T3 is the time of the CG-SDT occasion.
The minimum length of the RSRP window for LTE PUR TA validation is based on the value of Tmeasure_intra_UE cat M1 from TS 36.133, table 8.13.2.1.3.1-1 and table 8.13.3.1.3.1-1.
NR specifies TSSB_measurement_period_intra in TS 38.133, Table 9.2.5.2-1 (FR1) and Table 9.2.5.2-2 (FR2).
1. RAN4 to discuss the minimum RSRP measurement window parameter X for NR CG-SDT TA validation from min(X ms, M1´N1´DRX cycle). 
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Annex A: LTE PUR TA validation requirements (TS 36.133)

4.7.4.3	Requirements on TA validation for transmission using PUR
When rsrp-ChangeThresh [TS 36.331] is configured for TA validation based on the RSRP change criterion according to clause 5.3.3.19 in [TS 36.331], with or without other TA validation criteria, the UE is allowed to transmit using PUR using the timing derived using the latest available  value as specified in subclause 7.24.1 provided that
-	the first RSRP (RSRP1) measurement and the second RSRP (RSRP2) measurements used in the TA validation are valid measurements and, 
-	timing alignment validation for transmission using PUR is valid according to the validation criteria in section 5.3.3. 19 in [TS 36.331] for all configured TA validation criteria.
RSRP1 is considered valid provided that the following condition is met when in normal coverage:
(T1 – min(480 ms, N´ DRX cycle)) ≤  T1’ ≤  (T1 + min(480 ms, N´DRX cycle))
RSRP1 is considered valid provided that the following condition is met when in enhanced coverage:
(T1 – min(800 ms, N´ DRX cycle)) ≤  T1’ ≤  (T1 + min(800 ms, N´DRX cycle))

RSRP2 is considered valid provided that the following condition is met when in normal coverage:
T2 – min(480 ms, N´DRX cycle) ≤ T2’ ≤ T2
RSRP2 is considered valid provided that the following condition is met when in enhanced coverage:
T2 – min(800 ms, N´DRX cycle) ≤ T2’ ≤ T2
If at least one of RSRP1 and RSRP2 is considered to be invalid based on the above conditions then the UE shall not validate the PUR using RSRP1 and RSRP2 and shall not transmit using PUR. 
Where 
-	T1 is the time when the latest was obtained by the UE via Timing Advance Command MAC control element or PDCCH for transmission on PUR,
-	T1’ is the time when the UE has completed RSRP1,
-	T2 is the time when the UE performs TA validation defined in  clause 5.3.3.19 in [TS 36.331] for transmission using PUR,
-	T2’ is the time when the UE has completed RSRP2. 
-	N is applicable only if relaxed serving cell monitoring as defined in clause 4.7.2.1.1A for normal coverage or 4.7.2.2.1A for enhanced coverage is in use. Otherwise, N=1.
-	For normal coverage, N is the relaxation factor and is given by Table 4.7.2.1.1A-1 if the UE is not configured with eDRX_IDLE cycle and by Table 4.7.2.1.1A-2 if the UE is configured with eDRX_IDLE cycle  if relaxed serving cell monitoring as defined in clause 4.7.2.1.1A is in use.
-	For enhanced coverage, N is the relaxation factor and is given by Table 4.7.2.2.1A-1 if the UE is not configured with eDRX_IDLE cycle and by Table 4.7.2.2.1A-2 if the UE is configured with eDRX_IDLE cycle  if relaxed serving cell monitoring as defined in clause 4.7.2.2.1A is in use.

Annex B: LTE Requirements for UE category M1 (TS 36.133)

Table 8.13.2.1.3.1-1: Requirement on cell identification delay and measurement delay for TDD intrafrequency cell
	Gap pattern ID
	Cell identification delay (Tidentify_intra_UE cat M1)
	Measurement delay (Tmeasure_intra_UE cat M1)

	0
	1.44 * Kintra_M1_NC  *  KRSTD_M1_NC seconds
	480 * Kintra_M1_NC  *  KRSTD_M1_NC ms

	1
	2.88 * Kintra_M1_NC *  KRSTD_M1_NC seconds
	960 * Kintra_M1_NC *  KRSTD_M1_NC ms

	N/A
	N/A
	3 x TRSS (Note 1)

	Note 1:	It is the measurement period for RSRP measured on RSS signals defined in RSS-Config [2].



Table 8.13.3.1.3.1-1: Requirement on cell identification delay and measurement delay for TDD intrafrequency cell
	Neighouring cell SCH Ês/Iot: Q2 [dB]
	Gap pattern ID
	Cell identification delay (Tidentify_intra_UE cat M1) for neighbouring cell SCH Ês/Iot (Q): -15≤ Q2 < -6
	Measurement delay (Tmeasure_intra_UE cat M1)

	-15≤ Q2 < -6
	0
	320.8 * Kintra_M1_EC *  KRSTD_M1_EC s
	800 * Kintra_M1_EC *  KRSTD_M1_EC Note1
1600 * Kintra_M1_EC *  KRSTD_M1_EC Note2

	
	1
	321.6 * Kintra_M1_EC *  KRSTD_M1_EC s 
	1600 * Kintra_M1_EC *  KRSTD_M1_EC ms Note1
3200 * Kintra_M1_EC ms Note2

	Q2³-6
	0
	21.8 * Kintra_M1_EC *  KRSTD_M1_EC S
	800 * Kintra_M1_EC *  KRSTD_M1_EC ms Note1
1600 * Kintra_M1_EC *  KRSTD_M1_EC ms Note2

	
	1
	22.6 * Kintra_M1_EC *  KRSTD_M1_EC S
	1600 * Kintra_M1_EC *  KRSTD_M1_EC ms Note1
3200 * Kintra_M1_EC *  KRSTD_M1_EC ms Note2

	N/A
	N/A
	N/A
	5 x TRSS (Note 3)

	Note1:	Under TDD UL/DL configuration other than 0.
Note2:	Under TDD UL/DL configuration 0. 
Note3:	It is the measurement period for RSRP measured on RSS signals defined in RSS-Config [2].



Annex C: NR intra-frequency measurements (TS 38.133)


Table 9.2.5.2-1: Measurement period for intra-frequency measurements without gaps(FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil( 5 x Kp) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x 5 x Kp) x max(SMTC period,DRX cycle)) x CSSFintra

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

	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



Table 9.2.5.2-2: Measurement period for intra-frequency measurements without gaps(FR2)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(400ms, ceil(Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(400ms, ceil(1.5x Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms
	ceil(Mmeas_period_w/o_gaps xKp x Klayer1_measurement ) x DRX cycle x CSSFintra

	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
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