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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),
	RRM requirements for CG-SDT
Agreements:
· RAN4 introduce requirements for CG-SDT in a similar approach to LTE PUR
· RAN4 reuse the existing UE initial transmission requirements for CG-SDT
Issue 2-3-5: If a UE is allowed for CG-SDT transmission, which sync requirements should it satisfy prior to the transmission?
· Option 1: Existing UE sync requirements towards the serving cell
· Option 2: New UE sync requirements towards the serving cell for CG-SDT
· Option 3: FFS, but please state factors which make it not clear
Agreement:
· Continue discussion in the next meeting with the following two options:
· Option 1
· Option 3
Issue 2-3-6: Which WG should be responsible to decide the two window sizes and two threshold values for TA validation?
· Option 1: RAN4
· Option 2: RAN2
· Option 3 (new): RAN4 defined two window sizes and RAN2 defines two thresholds for TA validation.
Agreement:
· Option 3




(1) Sync requirements for CG-SDT
Regarding the issue 2-3-5 in [1], the synchronization requirement is a side condition to apply the CG-SDT transmission, i.e., UE is allowed to transmit using the CG based uplink resources provided that the UE is synchronized towards the serving cell prior to transmission. In existing TS38.133, the serving cell synchronization availability is defined as:
	7.1.2	Requirements
The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission..
The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA for PRACH is defined as 0.



In order to guarantee that UE could have chance to synchronize with SSB for uplink transmission timing deriving, the existing serving cell availability requirement could be used for CG-SDT transmission as well, i.e., if no SSB is available at the UE during the last 160 ms then the UE shall drop the CG-SDT transmission (e.g., SSB is colliding with paging occasion, and UE is not able to receive SSB and paging simultaneously due to mixed numerology or beam sweeping).

Proposal 1: The UE is allowed to transmit CG-SDT provided that the UE meets the existing sync requirements towards the serving cell prior to transmission, and if no SSB is available at the UE during the last 160 ms then the UE shall drop the CG-SDT transmission.

(2) Measurement window for TA validation
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 LTE spec, the ‘800ms/1600ms’ in RSRP1 measurement window considers the measurement period for intra frequency measurements in the RRC_CONNECTED state. However, in NR, both FR1 and FR2 shall be taken into account, and we also need to remove the unnecessary factors from serving cell measurement period. In NR, the intra-frequency measurement period is defined as:
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Kp and Klayer1_measurement are factors related with L1 measurement coordination and MG collision coordination, and they are not needed for CG-SDT in inactive mode. CSSF is a scaling factor for multiple intra-frequency carriers’ measurement in connected mode, and it’s not needed for CG-SDT in inactive mode. UE would coordinate to measure serving cell before SDT transmission rather than sharing measurement resource with other carriers. 
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.
The window for RSRP1 measurement can be defined as,
(T1 – min(NR-measurement-period, M×DRX cycle)) ≤ T1’ ≤(T1 + min(NR-measurement-period, M×DRX cycle))
Where,
NR-measurement-period is equivalent to gapless intra-frequency measurement period without Kp, Klayer1_measurement and DRX in connected mode (section 9.2.5.2 TS38.133).
M is the beam sweeping factor for FR2 as defined in table 4.2.2.2-1 (IDLE mode serving cell measurement period table), and 1 for FR1.
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:
T2 – min(NR-measurement-period, M×DRX cycle) ≤ T2’ ≤ T2
Where,
NR-measurement-period is equivalent to gapless intra-frequency measurement period without Kp, Klayer1_measurement and DRX in connected mode (section 9.2.5.2 TS38.133).
M is the beam sweeping factor for FR2 as defined in table 4.2.2.2-1 (IDLE mode serving cell measurement period table), and 1 for FR1.
Proposal 2: The RSRP1 and RSRP2 measurement windows for RSRP-Change-Criteria based TA validation are defined as followings:
The window for RSRP1 measurement:
(T1 – min(NR-measurement-period, M×DRX cycle)) ≤ T1’ ≤(T1 + min(NR-measurement-period, M×DRX cycle))
The window for RSRP2 measurement:
T2 – min(NR-measurement-period, M×DRX cycle) ≤ T2’ ≤ T2
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.
· NR-measurement-period is equivalent to gapless intra-frequency measurement period without Kp, Klayer1_measurement and DRX in connected mode (section 9.2.5.2 TS38.133).
· M is the beam sweeping factor for FR2 as defined in table 4.2.2.2-1 (serving cell measurement period table), and 1 for FR1.
(3) RRM requirement applicability for CG-SDT
Even though the beam correspondence (BC) is discussed in RF session, it would be also necessary to clarify the RRM requirement applicability for CG-SDT based on UE BC capability. Since FR2 CG-SDT is using the Tx beam based on the beam information derived from DL RS directly or indirectly, we assume only BC capable UE is required to meet those RRM requirements for CG-SDT in Rel-17.
Proposal 3: Rel-17 RRM requirements for CG-SDT in FR2 only apply to the UEs capable of beam correspondence. 
3. Conclusion
In this contribution we discuss the RRM requirements for SRS antenna port switching.
Proposal 1: The UE is allowed to transmit CG-SDT provided that the UE meets the existing sync requirements towards the serving cell prior to transmission, and if no SSB is available at the UE during the last 160 ms then the UE shall drop the CG-SDT transmission.

Proposal 2: The RSRP1 and RSRP2 measurement windows for RSRP-Change-Criteria based TA validation are defined as followings:
The window for RSRP1 measurement:
(T1 – min(NR-measurement-period, M×DRX cycle)) ≤ T1’ ≤(T1 + min(NR-measurement-period, M×DRX cycle))
The window for RSRP2 measurement:
T2 – min(NR-measurement-period, M×DRX cycle) ≤ T2’ ≤ T2
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.
· NR-measurement-period is equivalent to gapless intra-frequency measurement period without Kp, Klayer1_measurement and DRX in connected mode (section 9.2.5.2 TS38.133).
· M is the beam sweeping factor for FR2 as defined in table 4.2.2.2-1 (serving cell measurement period table), and 1 for FR1.

Proposal 3: Rel-17 RRM requirements for CG-SDT in FR2 only apply to the UEs capable of beam correspondence. 
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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, CeiI(Mmeas_period_w/o_gaps X Kp X
Klayer1_measurement) x SMTC period)N“e Tx CSSFintra

DRX cycle< 320ms max(400ms, ceil(1.5X Mmeas_period_w/o_gaps X Kp X

Klayer'l_measurement) X maX(SMTC period,DRX CyC'Q)) X
CSSFintra
DRX cycle>320ms ceil(Mmeas_period_wio_gaps XKp X Kiayer1_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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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)N°te ' 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





