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Introduction
In the WF from RAN4#101-bis-e meeting, [2], RAN4 reached the following agreements on the requirements for the RSRP measurements used for TA validation for CG-SDT:
	Issue 4-2-3: Which option do you prefer to on the selection of size and position of the first window?
· Option 1: Unified pattern: (T1-min (X1,X2)) <= T1’ <= (T1+min(X1,X2)
· FFS: X1, X2
· Option 2: A fixed window size of 1.28s for all cases.
Discussion: Among received comments, unanimous consensus on Option 1.
Agreement: Option 1.
Issue 4-3-3: Which option do you prefer to on the selection of size and position of the second window?
· Option 1: Unified pattern: (T2-min (Y1,Y2)) <= T2’ <= T2 with different Y1/Y2 proposals (different for FR1/FR2 as well)
· FFS: Y1, Y2
· Option 2: Unified pattern: (T2-min (Y1,Y2)) <= T2’ <= T3 with different Y1/Y2 proposals (different for FR1/FR2 as well) 
· FFS: Y1, Y2
· Option 3: A fixed window size of 1.28s for all cases
Discussion: Majority views ( 4 Vs 1) goes to Option 1, and 1 company goes to Option 2. With the recommended WF in Issue 4-1-7, the concern is addressed in another potential new requirement, not in the second window.
Agreements: Option 1, but further discuss whether or not to introduce any requirement for the duration between T2 and the moment of actual CG-SDT transmission.




In the same WF, the following agreement was made with regards to defining requirements for time from T2 until transmission time:
	Issue 4-1-7: What could make T2 selection in NR SDT different from that in LTE PUR? Please elaborate.
Discussion: The main concern is the duration between the moment when TA validation is confirmed, and the moment when the actual CG-SDT transmission happens. The duration should not be too large if considering its impact on performance. 
Agreements: 
· Similar approach as LTE PUR for defining the second window, i.e., only T2 is introduced.
· Discuss further in the next meeting on whether or not to introduce any requirements between T2 and the moment of the actual CG-SDT transmission. 



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

The contributions to RAN4#101-bis suggested a number of suggestions for X1/X2 and Y1/Y2.
One way of looking at these windows for RSRP1 and RSRP2 measurements is to consider the uncertainty they add in the TA validation itself. This is illustrated in Figure 1.


[bookmark: _Ref94857070]Figure 1: Worst case example on how the RSRP can change in the windows for RSRP1 and RSRP2 measurements for CG-SDT TA validation. The example is illustrating UE movement on a direct path away from the basestation.
As can be seen, the maximum uncertainty in the RSRP window considered for TA validation can be expressed as:
	Umax = min(X1,X2)+min(Y1,Y2)+Z,
Where Z is the time between T2 and the CG resource time.
[bookmark: _Toc95744768]The maximum uncertainty in the RSRP measurement windows used in the TA validation procedure is given as min(X1,X2)+min(Y1,Y2)+Z, where Z is the time between T2 and CG resource time.
Looking only at the suggested X2/Y2 from RAN4#101-bis, a few companies suggested these to be expressed as
	M1*N1*TDRX
Transitioning this into exact values is done in Table 1.
	
	
	
	
	X2=Y2= M1*N1*TDRX

	DRX cycle length
	N1, FR1
	N1, FR2
	M1, SMTC>20 ms
	FR1
	FR2

	0.32
	1
	8
	1
	0.32
	2.56

	0.64
	1
	5
	1
	0.64
	3.2

	1.28
	1
	4
	1
	1.28
	5.12

	2.56
	1
	3
	1
	2.56
	7.68


[bookmark: _Ref94857453]Table 1: Real values in seconds of X2 and Y2 using N1*M1*TDRX.
[bookmark: _Toc95744769]The range of X2 and Y2 using N1*M1*TDRX is from 0.32 to 7.68 seconds more specifically from 0.32 to 2.56 seconds for FR1 and 2.56 to 7.68 seconds for FR2.
In the table below, we have calculated how large a percentage of CP the allowed UE transmit timing error is for an FR1 and FR2 use case, given the timing error limits defined in TS 38.133, table 7.1.2-1.
	Frequency range
	SCS of SSB (kHz)
	SCS of uplink (kHz)
	Te (ns)
	CP, no extension (ns)
	Te% of CP

	FR1
	15
	30
	326
	2344
	13.9%

	FR2
	120
	120
	114
	586
	19.5%


Table 2: Calculation of Te based on TS 38.113, table 7.1.2-1
As discussed in [5], BS demodulation issues may occur when the total time offset is larger than approximately 25% (assuming no BS compensation). As the allowed Te is already 19.5% of CP for FR2, the additional uncertainty due to RSRP measurement windows should therefore be kept small. We agree with the point made in [4] that a ~1Ts timing uncertainty is acceptable. A propagation delay of 1Ts corresponds to a UE movement of 9.8m, which, for 30km/h mobility scenario, would take the UE 1.2s. The uncertainty of both RSRP1 and RSRP2 windows must be considered, as well as the additional uncertainty due to the delay from T2 until CG-SDT transmission time. Therefore, we propose that the X1 and Y1 values should be set to less than half of the total acceptable uncertainty window of 1.2s, and an additional requirement for the allowed delay (Z) from T2 until CG-SDT transmission time should be defined, such that:
min(X1,X2)+min(Y1,Y2)+Z <= 1.2 s.
[bookmark: _Toc95744770]Timing uncertainty of 1 Ts corresponds to device moving in 1.2 seconds at 30 km/h.
[bookmark: _Toc95744771] min(X1,X2)+min(Y1,Y2)+Z shall not exceed 1.2 seconds, where Z is the time interval from T2 until CG-SDT transmission time.
[bookmark: _Toc95744772]The value of Z shall allow for an SSB reception, corresponding to 160ms, prior the CG-SDT transmission, see 38.133, section 7.1.2.
[bookmark: _Toc95744773][bookmark: _Hlk95754460] We propose the formula for min(X1, X2) for the first TA validation window to be: min(480ms, N1*M1*TDRX) for both FR1 and FR2.
[bookmark: _Toc95744774] We propose the formula for min(Y1, Y2) for the second TA validation window to be: min(480ms, N1*M1*TDRX) for both FR1 and FR2.
[bookmark: _Toc95744775] We propose the value of Z (the time interval from T2 until CG-SDT transmission time) to be: 160ms.
Conclusion
Based on the discussion above, we reach the following observations and conclusions: 
Observation 1: The maximum uncertainty in the RSRP measurement windows used in the TA validation procedure is given as min(X1,X2)+min(Y1,Y2)+Z, where Z is the time between T2 and CG resource time.
Observation 2: The range of X2 and Y2 using N1*M1*TDRX is from 0.32 to 7.68 seconds more specifically from 0.32 to 2.56 seconds for FR1 and 2.56 to 7.68 seconds for FR2.
Observation 3: Timing uncertainty of 1 Ts corresponds to device moving in 1.2 seconds at 30 km/h.
Proposal 1: min(X1,X2)+min(Y1,Y2)+Z shall not exceed 1.2 seconds, where Z is the time interval from T2 until CG-SDT transmission time.
Observation 4: The value of Z shall allow for an SSB reception, corresponding to 160ms, prior the CG-SDT transmission, see 38.133, section 7.1.2.
Proposal 2: We propose the formula for min(X1, X2) for the first TA validation window to be: min(480ms, N1*M1*TDRX) for both FR1 and FR2.
Proposal 3: We propose the formula for min(Y1, Y2) for the second TA validation window be: min(480ms, N1*M1*TDRX) for both FR1 and FR2.
Proposal 4: We propose the value of Z (the time interval from T2 until CG-SDT transmission time) to be: 160ms.
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