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Introduction
The SDT work item defines the following objectives related to RRM part [1]:

	
1. Specify RRM test cases.




In this paper we provide our view on the RRM core requirements. We discuss how the SDT feature may require additional specification text, and how the SDT feature may impact specification text on existing requirements.
SDT
General description
UEs with infrequent data transmission can be moved to RRC_INACTIVE state by the network. However, prior to Rel-17, this state does not support data transmission, which means that every time the UE has data to transmit, the connection has to be resumed so that the UE is moved to RRC_CONNECTED state.
The Work Item in [1] enables small data transmissions (SDT) in RRC_INACTIVE state, thereby reducing signalling overhead and UE power consumption, as the UE can perform small data transmissions without moving to RRC_CONNECTED state.
The types of devices expected to benefit from this feature are both smartphones (instant messaging, keep-alive messages, push notifications, etc), as well as other devices like for example wearables or sensors that transmit small infrequent messages.
Three types of SDT are being specified as part of the Work Item:
· 4-step RACH, “4-step RA SDT”, where the Msg3 (PUSCH) is used to transmit the SDT payload;
· 2-step RACH, “2-step RA SDT”, where the MsgA PUSCH is used to transmit the SDT payload;
· UL data on pre-configured PUSCH resources, “CG-SDT”, where Configured Grant type 1 based PUSCH resources can be used by the UE to transmit the SDT payload when it has a valid timing advance (TA) and other conditions are met, without a random access procedure.

The three SDT types are illustrated in Figure 1, Figure 2, and Figure 3.



[bookmark: _Ref85009700]Figure 1 4-step RACH based SDT



[bookmark: _Ref85009714]Figure 2 2-step RACH based SDT



[bookmark: _Ref85009721]Figure 3 Configured Grant (CG) based SDT

The UE receives its SDT configuration from the network by RRC signalling, and the UE may be configured with all three SDT types. A SDT selection procedure determines which SDT type the UE should use for a given data transmission, and whether SDT can be performed at all, as illustrated in Figure 4.




[bookmark: _Ref84854263]Figure 4: SDT selection procedure, see also [4].
The UE may be configured with CG SDT, 2-step RA SDT, and 4-step RA SDT configurations simultaneously, in which case the UE shall choose the correct SDT type based on RSRP measurements checked against threshold values configured by the network.

[bookmark: _Ref85180489]LTE PUR
Preconfigured Uplink Resources (PUR) in LTE is a feature which was introduced with similar purpose as SDT, namely, to reduce signalling overhead and UE power consumption for infrequent data transmissions. LTE PUR enables uplink transmission in RRC_IDLE using a preconfigured uplink resource (without random access) and RAN4 added the following RRM requirements for LTE PUR:
	Requirement
	Clause
	Change

	UE synchronization
	TS 36.133, 4.6.3.2 (NB-IoT)
TS 36.133, 4.7.4.2 (Cat M1/M2)
	Specification text was added to set requirement that the UE is only allowed to transmit on PUR if the UE is synchronized to the serving cell.

	TA validation
	TS 36.133, 4.6.3.3 (NB-IoT)
TS 36.133, 4.7.4.3 (Cat M1/M2)
	Specification text was added to set requirements for the window wherein RSRP values can be considered valid by the UE to use for TA validation.

	UE transmit timing
	TS 36.133, 7.20.2 (NB-IoT)
TS 36.133, 7.24.2 (Cat M1/M2)
	The specification text was updated to reflect that existing requirement for UE initial transmission timing error also applies to LTE PUR.



Main RRM core requirements impact 
[bookmark: _Hlk82766167]
[bookmark: _Ref32508379]SDT procedure requirements
In LTE PUR, the definition of the timing of RSRP measurements for the decision of LTE PUR transmission are given in 36.133, sections 4.6.3.3 and 4.7.4.3.


Figure 5: Example of timing of RSRP measurements in the LTE PUR decision before transmission.
LTE PUR specifies the timing of the RSRP measurements used in the LTE PUR transmission decision procedure.
When considering the LTE PUR feature, LTE PUR specifies timing requirements on when the last timing alignment command is received, to when the corresponding reference RSRP measurement is performed and for when the RSRP measurement for the decision steps for LTE PUR transmission is performed, see 36.133 [6], section 4.7.4.
The RSRP measurement performed as reference for TA validation is completed at T1´ in LTE PUR.
The RSRP measurement used for threshold evaluation is completed at T2´ in LTE PUR
The following observations for NR SDT are made from [3] and [4].
Data volume threshold is the same for CG-SDT and RA-SDT.
RSRP threshold is used to select between SDT and non-SDT procedure, if configured (RSRP refers to the same RSRP measured for carrier selection).
As CG SDT and RA SDT resources are independently configured and potentially not aligned in time, the timing of measurements to evaluate which procedure to use may have a different valid range depending on when the resources are scheduled for.
Timing of CG-SDT resources and RA-SDT resources may differ, see Figure 6. Therefore, the requirements for when to perform the RSRP measurements used to decide on CG-SDT and RA-SDT are potentially based on different resource timings. 


[bookmark: _Ref84854027]Figure 6: Example of SDT resource timing.
RAN4 shall discuss whether to define requirements for when to perform the RSRP measurements used in the SDT decision procedure.
RAN4 shall discuss whether requirements for performing RSPR measurements are independent for RSRP measurements done for the CG-SDT and RA-SDT steps of the SDT decision procedure. 
RAN4 shall discuss whether to define RRM core requirements describing the behaviour of the SDT selection procedure based on the different decision thresholds.

UE synchronization
For RA-SDT, normal 2-step and 4-step RACH procedure requirements apply. That means that the UE follows a procedure that is already specified for initial access. Therefore, we do not foresee any new requirements needed to be specified by RAN4 considering UE synchronization with RA-SDT.
For RA-SDT, no new UE synchronization requirements are needed, as the requirements for normal RACH procedures apply.
On the other hand, when CG-SDT is considered, we can apply similar observations as was previously done for LTE PUR, see [2]. The UE may go to sleep between CG SDT occasions and, in case there are SDT data to transmit, wakes up before the CG-SDT occasion to perform the following actions while in RRC_INACTIVE state:
1. Measure RSRP values (if required as per requirements to be set by RAN4)
2. Perform SDT procedure selection as per configured RSRP thresholds (including TA validation)
3. If GC-SDT is allowed, perform the CG-PUSCH transmission(s)
4. Monitor PDCCH for a given time period, as a maximum until expiry of SDT failure detection timer
5. Receives RRC Release message to complete the procedure
After this, the UE may again enter sleep mode.
This sequence is illustrated in Figure 7.


[bookmark: _Ref85184613]Figure 7 CG-SDT occasion
The UE only needs to wake-up for a CG-SDT occasion if it has data to transmit. In other words, the UE may stay in sleep and only wake-up for other non-SDT related actions (e.g. DRX cycles) until there are data to transmit. As shown in [2], the UE timing drift can be significant, which may have a negative effect on PUSCH decoding performance at gNB if the UE does not adjust its timing between CG-SDT transmissions.
The UE may experience timing drift between CG-SDT occasions, which may have a negative effect on PUSCH decoding at gNB.
LTE PUR has UE synchronization requirements specified at clauses 4.6.3.2 and 4.7.4.2 of 36.133.
RAN4 shall discuss whether to specify UE synchronization requirements for CG-SDT.

Initial UE transmission timing error
The existing requirements on initial UE transmission timing error are defined in 38.133 [5], 7.1.2:

	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..



For LTE PUR, specification text was added to clauses 7.20.2 and 7.24.2 in 36.133 so that existing requirement for UE initial transmission timing error also applies to PUSCH transmission on Preconfigured Uplink Resources.
The specification text in 38.133, 7.1.2, for when the initial UE transmission timing error applies does not cover PUSCH transmission performed for CG-SDT.
The existing UE initial transmission timing error requirement in 38.133, 7.1.2, shall also apply to PUSCH transmission performed for CG-SDT. 

Conclusion
This paper has presented Nokia’s views on RRM requirements for the Small data transmissions. From this discussion we have derived the following observations and proposals:
1. The UE may be configured with CG SDT, 2-step RA SDT, and 4-step RA SDT configurations simultaneously, in which case the UE shall choose the correct SDT type based on RSRP measurements checked against threshold values configured by the network.
LTE PUR specifies the timing of the RSRP measurements used in the LTE PUR transmission decision procedure.
The RSRP measurement performed as reference for TA validation is completed at T1´ in LTE PUR.
The RSRP measurement used for threshold evaluation is completed at T2´ in LTE PUR
Data volume threshold is the same for CG-SDT and RA-SDT.
RSRP threshold is used to select between SDT and non-SDT procedure, if configured (RSRP refers to the same RSRP measured for carrier selection).
Timing of CG-SDT resources and RA-SDT resources may differ, see Figure 6. Therefore, the requirements for when to perform the RSRP measurements used to decide on CG-SDT and RA-SDT are potentially based on different resource timings. 
1. RAN4 shall discuss whether to define requirements for when to perform the RSRP measurements used in the SDT decision procedure.
RAN4 shall discuss whether requirements for performing RSPR measurements are independent for RSRP measurements done for the CG-SDT and RA-SDT steps of the SDT decision procedure. 
RAN4 shall discuss whether to define RRM core requirements describing the behaviour of the SDT selection procedure based on the different decision thresholds.

For RA-SDT, no new UE synchronization requirements are needed, as the requirements for normal RACH procedures apply.
The UE may experience timing drift between CG-SDT occasions, which may have a negative effect on PUSCH decoding at gNB.
LTE PUR has UE synchronization requirements specified at clauses 4.6.3.2 and 4.7.4.2 of 36.133.
RAN4 shall discuss whether to specify UE synchronization requirements for CG-SDT.
For LTE PUR, specification text was added to clauses 7.20.2 and 7.24.2 in 36.133 so that existing requirement for UE initial transmission timing error also applies to PUSCH transmission on Preconfigured Uplink Resources.
The specification text in 38.133, 7.1.2, for when the initial UE transmission timing error applies does not cover PUSCH transmission performed for CG-SDT.
The existing UE initial transmission timing error requirement in 38.133, 7.1.2, shall also apply to PUSCH transmission performed for CG-SDT. 
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