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1. Introduction
In last RAN4 meeting, the RRM requirement for SDT has been discussed and the conclusions were captured in the WF[1]. However, there are couple of open issues from last meeting, and in this contribution, we continue discussing the RRM requirement for SDT.
2. RRM requirement for CG-SDT
In last meeting, some agreements on RRM requirement for CG-SDT were (open issues are highlighted in yellow),
	Issue 4-1-8: Whether UE can meet inter-frequency and inter-RAT requirements if considering that Tx/Rx is similar to Connected mode for the subsequent transmission in SDT session?
Discussion: two companies comment that UE does not meeting inter-frequency or inter-RAT requirements for the subsequent transmission in SDT session. 
Recommended WF:
· FFS whether UE meets inter-frequency or inter-RAT requirements for the subsequent transmission in SDT session

Issue 4-1-9: Clarify why scheduling restriction applies for subsequent SDT transmission in SSB occasion if considering that Tx/Rx is similar to Connected mode for the subsequent transmission in SDT session.
Discussion: Two companies comment that scheduling restriction applies for subsequent SDT transmission in SSB occasion, and two companies would discuss it further in the next meeting.
Recommended WF:
· FFS whether or not scheduling restriction applies for subsequent SDT transmission in SSB occasion.



During the subsequent transmission in SDT session, UE needs to stay on the BWP for the SDT transmission, and therefore it would cause impact on the inter-frequency and inter-RAT measurement which needs UE to tune the RF chain to other frequency layer. However, if the SDT occasions are fully overlapped with inter-frequency or inter-RAT measurement occasions, the UE mobility also needs to be considered, and it shall always allow UE to have reselection opportunity by measuring  inter-frequency or inter-RAT carriers.

Proposal 1: UE is allowed to not meet inter-frequency and inter-RAT requirements if considering that Tx/Rx is similar to Connected mode for the subsequent transmission in SDT session.
Proposal 2: UE is allowed to drop some subsequent transmissions in SDT session if the inter-frequency measurement occasions are fully overlapped with subsequent SDT occasions.

Regarding the scheduling restriction, we may need to consider the SDT transmission colliding with serving cell PO or intra-frequency SSB occasion. In our understanding, network shall avoid to configure CG-SDT occasion colliding with serving cell PO, or in case that happens, the PO reception shall always be prioritized. If SSB occasion is colliding with SDT transmission , the scheduling restriction could be applied to prioritize serving cell or intra-frequency SSB measurement, since serving cell SSB measurement is also used for T/F tracking for PO reception.

Proposal 3: If UE cannot simultaneously receive PO and transmit SDT occasion, RAN4 to adopt one of following two options regarding PO reception colliding with SDT occasion:
- Option 1: No requirement should be applied when PO colliding with SDT occasion
- Option 2: UE to prioritize PO reception when PO colliding with SDT occasion
Proposal 4: scheduling restriction applies for subsequent SDT transmission in intra-frequency SSB occasion if UE cannot support both SDT transmission and intra-frequency SSB measurement.

RAN4 agreed to introduce requirements for CG-SDT in a similar approach to LTE PUR. In LTE PUR, the threshold of RSRP change was also used for TA validation, e.g., for NB-IoT, as duplicated below,
	4.6.3.3	Requirements on TA validation for transmission using PUR
When only NRSRP-ChangeThresh-NB-r16 [TS 36.331] is configured for TA validation based on NRSRP 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 7.20 provided that
-	the first NRSRP (NRSRP1) measurement and the second NRSRP (NRSRP2) 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. 
NRSRP1 is considered valid provided that the following condition is met when in normal coverage:
(T1 – min(800 ms, N DRX cycle)) ≤  T1’ ≤  (T1 + min(800 ms, NDRX cycle))
NRSRP1 is considered valid provided that the following condition is met when in enhanced coverage:
(T1 – min(1600 ms, N DRX cycle)) ≤  T1’ ≤  (T1 + min(1600 ms, NDRX cycle))
NRSRP2 is considered valid provided that the following condition is met when in normal coverage:
T2 – min(800 ms, NDRX cycle) ≤ T2’ ≤ T2
NRSRP2 is considered valid provided that the following condition is met when in enhanced coverage:
T2 – min(1600 ms, NDRX cycle) ≤ T2’ ≤ T2
If at least one of NRSRP1 and NRSRP2 is considered to be invalid based on the above conditions then the UE shall not validate the PUR using NRSRP1 and NRSRP2 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 NPDCCH for transmission on PUR,
-	T1’ is the time when the UE has completed NRSRP1,
-	T2 is the time when the UE performs TA validation  defined in clause 5.3.3.19 of TS 36.331 [2] for transmission using PUR,
-	T2’ is the time when the UE has completed NRSRP2. 
· N is applicable only if relaxed serving cell monitoring as defined in clause 4.6.2.1A for normal coverage or 4.6.2.3A for enhanced coverage is in use. Otherwise, N=1.
-	For normal coverage, N is the relaxation factor and is given by Table 4.6.2.1A-1 if the UE is not configured with eDRX_IDLE cycle and by Table 4.6.2.1A-2 if the UE is configured with eDRX_IDLE if relaxed serving cell monitoring as defined in clause 4.6.2.1A is in use.
-	For enhanced coverage, N is the relaxation factor and is given by Table 4.6.2.3A-1 if the UE is not configured with eDRX_IDLE cycle and by Table 4.6.2.3A-2 if the UE is configured with eDRX_IDLE cycle if relaxed serving cell monitoring as defined in clause 4.6.2.3A is in use.



So in NR CG-SDT, when only RSRP-Change-Threshold is configured for TA validation based on RSRP change criterion, with or without other TA validation criteria, the UE is allowed to transmit CG-SDT using the timing derived using the latest available NTA, provided that 
· the first SSB-RSRP (RSRP1) measurement and the second SSB-RSRP (RSRP2) measurement used in the TA validation are valid measurements and,
· timing alignment validation for transmission using CG-SDT is valid according to the all configured TA validation criteria (e.g. TAT timer is running, and RSRP change is smaller than or equal to a threshold)
Similarly, by assuming following timing points:
· T1 is the time when the latest NTA was obtained by the UE via Timing Advance Command MAC control element or PDCCH for transmission on CG-SDT,
· T1’ is the time when the UE has completed SSB-RSRP1,
· T2 is the time when the UE performs TA validation for transmission using CG-SDT,
· T2’ is the time when the UE has completed SSB-RSRP2.
In last meeting, some agreements were made as followings:
	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. 
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.





Based on the discussion in last meeting, we identified that the ‘800ms/1600ms’ in RSRP1 measurement window considers the timing drifting within Te requirement in the RRC_CONNECTED state. That is, UE shall not drift more than Te between the timing when UE performing measurement and the timing when TA command is received. However, in NR, both FR1 and FR2 shall be taken into account. In NR, the Te requirement is defined as:
	[image: Table

Description automatically generated]



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The RSRP1 window size shall consider the UE time drifting (including both UE moving and UE clock drifting), if the half window size is D, UE moving speed is VUE, c is light speed, and UE clock drifting rate is RUE, the D shall meet:
D*VUE/c +D*RUE ≤ Te/2
The reason to use Te/2 here is because we need to consider both RSRP1 and RSRP2, and the total time drifting for RSRP1 and RSRP2 shall not be greater than Te.
Here, we assume UE moving speed is VUE =120km/h for FR1 and 30km/h for FR2, UE clock drifting is RUE=0.1ppm. We could use the smallest Te values for FR1 and FR2 respectively to achieve the most conservative requirement based on the worst case. And furthermore, we round the D to the multiple of SSB measurement periodicity (160ms in worst case). 
Thus, D = 640ms for FR1 and 480ms for FR2.
In addition, regarding FR2 beam sweeping the NR measurement window shall also consider the beam sweeping factor when designing the lower boundary, while in LTE we used one DRX cycle (when eDRX is not used) to be the lower boundary for measurement window. Thus, M×DRX cycle shall be used as lower boundary for NR RSRP1 and RSRP2 measurement window, where M is the beam sweeping factor for FR2, and 1 for FR1. 
However, M*DRX is always larger than 480ms, and in FR2 we think UE at least needs to perform one round of beam sweeping for RSRP measurement, otherwise, the RSRP measurement difference might be dominated by Rx beam difference, e.g., UE is not moving but UE has been rotated. So, in FR2 we propose to only consider M*DRX rather than the min function.
The window for RSRP1 measurement can be defined as,
For FR1: (T1 – min(640ms, DRX cycle)) ≤ T1’ ≤(T1 + min(640ms, DRX cycle))
X1= 640ms, X2 = DRX cycle
For FR2: (T1 –M*DRX cycle) ≤ T1’ ≤(T1 + M*DRX cycle)
M is the beam sweeping factor as defined in table 4.2.2.2-1 (IDLE mode serving cell measurement period table)

Similar as the window design for RSRP1. The only difference for RSRP2 window is we don’t need to consider the measurement after T2 (TA validation timing point). Thus, RSRP2 window can be defined as:
For FR1: (T2 – min(640ms, DRX cycle)) ≤ T2’ ≤T2
X1= 640ms, X2 = DRX cycle
For FR2: (T2 –M*DRX cycle) ≤ T2’ ≤ T2 
M is the beam sweeping factor as defined in table 4.2.2.2-1 (IDLE mode serving cell measurement period table)

Proposal 5: The RSRP1 and RSRP2 measurement windows for RSRP-Change-Criteria based TA validation are defined as followings:
The window for RSRP1 measurement:
For FR1: (T1 – min(640ms, DRX cycle)) ≤ T1’ ≤(T1 + min(640ms, DRX cycle))
X1= 640ms, X2 = DRX cycle
For FR2: (T1 –M*DRX cycle) ≤ T1’ ≤(T1 + M*DRX cycle)
M is the beam sweeping factor as defined in table 4.2.2.2-1 (IDLE mode serving cell measurement period table)
The window for RSRP2 measurement:
For FR1: (T2 – min(640ms, DRX cycle)) ≤ T2’ ≤T2
X1= 640ms, X2 = DRX cycle
For FR2: (T2 –M*DRX cycle) ≤ T2’ ≤ T2 
M is the beam sweeping factor as defined in table 4.2.2.2-1 (IDLE mode serving cell measurement period table)
Where,
· T1 is the time when the latest NTA was obtained by the UE via Timing Advance Command MAC control element or PDCCH for transmission on CG-SDT,
· T1’ is the time when the UE has completed SSB-RSRP1,
· T2 is the time when the UE performs TA validation for transmission using CG-SDT,
· T2’ is the time when the UE has completed SSB-RSRP2.

Regarding issue Issue 4-1-7, similar as RSRP1/RSRP2 measurement window design, the time span between timing of TA validation and timing of actual CG-SDT transmission (T3) should guarantee that the timing drift within this time span should not be greater than Te. If the time span between timing of TA validation and timing of actual CG-SDT transmission is S, it shall meet that,
S*VUE/c +S*RUE ≤ Te
Where, UE moving speed is VUE, c is light speed, and UE clock drifting rate is RUE. Same as RSRP1/RSR2 window calculation, S is rounded to the multiple of 160ms. There is no any requirement on measurement between T2 and T3 for SDT transmission, and therefore we don’t need to consider DRX cycle in a min function. We assume UE moving speed is VUE =120km/h for FR1 and 30km/h for FR2, UE clock drifting is RUE=0.1ppm. We could use the smallest Te values for FR1 and FR2 respectively to achieve the most conservative requirement based on the worst case. Thus, the relation between T2 and T3 could be:
For FR1: (T3 –1120ms) ≤ T2 ≤T3
For FR2: (T3 –800ms) ≤ T2 ≤ T3 
	T3 is the timing of first actual CG-SDT transmission after TA validation.
Proposal 6: To introduce the relation between T2 and T3 as:
For FR1: (T3 –1120ms) ≤ T2 ≤T3
For FR2: (T3 –800ms) ≤ T2 ≤ T3 
· T2 is the time when the UE performs TA validation for transmission using CG-SDT,
· T3 is the timing of first actual CG-SDT transmission after TA validation.
3. Conclusion
In this contribution we discuss the RRM requirements for SRS antenna port switching.
Proposal 1: UE is allowed to not meet inter-frequency and inter-RAT requirements if considering that Tx/Rx is similar to Connected mode for the subsequent transmission in SDT session.
Proposal 2: UE is allowed to drop some subsequent transmissions in SDT session if the inter-frequency measurement occasions are fully overlapped with subsequent SDT occasions.
Proposal 3: If UE cannot simultaneously receive PO and transmit SDT occasion, RAN4 to adopt one of following two options regarding PO reception colliding with SDT occasion:
- Option 1: No requirement should be applied when PO colliding with SDT occasion
- Option 2: UE to prioritize PO reception when PO colliding with SDT occasion
Proposal 4: scheduling restriction applies for subsequent SDT transmission in intra-frequency SSB occasion if UE cannot support both SDT transmission and intra-frequency SSB measurement.
Proposal 5: The RSRP1 and RSRP2 measurement windows for RSRP-Change-Criteria based TA validation are defined as followings:
The window for RSRP1 measurement:
For FR1: (T1 – min(640ms, DRX cycle)) ≤ T1’ ≤(T1 + min(640ms, DRX cycle))
X1= 640ms, X2 = DRX cycle
For FR2: (T1 –M*DRX cycle) ≤ T1’ ≤(T1 + M*DRX cycle)
M is the beam sweeping factor as defined in table 4.2.2.2-1 (IDLE mode serving cell measurement period table)
The window for RSRP2 measurement:
For FR1: (T2 – min(640ms, DRX cycle)) ≤ T2’ ≤T2
X1= 640ms, X2 = DRX cycle
For FR2: (T2 –M*DRX cycle) ≤ T2’ ≤ T2 
M is the beam sweeping factor as defined in table 4.2.2.2-1 (IDLE mode serving cell measurement period table)
Where,
· T1 is the time when the latest NTA was obtained by the UE via Timing Advance Command MAC control element or PDCCH for transmission on CG-SDT,
· T1’ is the time when the UE has completed SSB-RSRP1,
· T2 is the time when the UE performs TA validation for transmission using CG-SDT,
· T2’ is the time when the UE has completed SSB-RSRP2.
Proposal 6: To introduce the relation between T2 and T3 as:
For FR1: (T3 –1120ms) ≤ T2 ≤T3
For FR2: (T3 –800ms) ≤ T2 ≤ T3 
· T2 is the time when the UE performs TA validation for transmission using CG-SDT,
· T3 is the timing of first actual CG-SDT transmission after TA validation.
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Table 7.1.2-1: Te Timing Error Limit

Frequency SCS of SSB SCS of uplink T
Range signals (kHz) signals (kHz) €
1 15 15 12*64*T.
30 10*64*T,
60 10*64*T.
30 15 8*64*T.
30 8*64*T.
60 7*64*T.
2 120 60 3.5%64* T,
120 3.5"64*T.
240 60 3*64*T.
120 3*64*T.

Note 1:  Tcis the basic timing unit defined in TS 38.211 [6]





