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Introduction
The Rel-17 WI of small data transmissions in INACTIVE state [1] has been started since August 2020, with RAN4 related objective in the WID as follows. 
	· Specify RRM core requirements for small data transmission in RRC_INACTIVE, if needed [RAN4]


As this is the first meeting for RAN4 to discuss the impacts of SDT, in this paper, we will first share our understanding about the basic framework of SDT as defined by RAN2. We will also share our views on the possible RRM impacts due to SDT.
Discussion
Basic SDT framework
SDT is a procedure enabling UE to transmit UL data, as well as to receive subsequent DL data, while staying in Inactive state. Two kinds of SDT schemes are defined, one is based on RACH resources (RA-SDT), and the other is based on configured grant resources (CG-SDT).
Initial transmission
	RAN2#113bis-e
1	RSRP threshold is used to select between SDT and non-SDT procedure, if configured (RSRP refers to the same RSRP measured for carrier selection).
2	RSRP threshold to select between SDT and non-SDT procedure is used for both CG-SDT and RA-SDT
3	RSRP threshold to select between SDT and non-SDT procedure is same for both CG-SDT and RA-SDT
8	FFS on the order and missing pieces (e.g. failure, fallback) of the high level procedure.  The details of the procedures are left for stage 3.  FFS on the procedure below, but copied for information.
	A. Upon arrival of data only for DRB/SRB(s) for which SDT is enabled, the high level procedure for selection between SDT and non SDT procedure is as follows:
	If CG-SDT criteria is met: UE selects CG-SDT. UE initiate SDT procedure
	Else if RA-SDT criteria is met: UE selects RA-SDT. UE initiate SDT procedure
	Else: UE initiate non SDT procedure.
	B. CG-SDT criteria is considered met, if all of the following conditions are met,
1) available data volume <= data volume threshold
2) RSRP is greater than or equal to a configured threshold
FFS 3) CG-SDT resources are configured on the selected UL carrier and are valid
	C. RA-SDT criteria is considered met, if all of the following conditions are met,
1) available data volume <= data volume threshold
2) RSRP is greater than or equal to a configured threshold
3) 4 step RA-SDT resources are configured on the selected UL carrier and criteria to select 4 step RA SDT is met; or 2 step RA-SDT resources are configured on the selected UL carrier and criteria to select 2 step RA SDT is met


UE in Inactive state can use the SDT resources for initial UL data transmission when the following conditions are met:
· Data volume is smaller than a threshold
· Serving cell RSRP is above a threshold
· SDT resources are configured and valid
When any of above conditions is not met, UE is not supposed to use SDT, but to use legacy RA procedure (and transition to Connected state for data transmission). 
It is noted that the procedure for UL/SUL carrier selection and 2-step/4-step RA type selection is not impacted by SDT, although the RSRP threshold can be separately configured for SDT. Also it is noted that the same RSRP measured for carrier selection is used for selection between SDT and non-SDT. 
Subsequent transmission and reception
	After the initial SDT transmission, subsequent transmissions are handled differently depending on the type of resources configured:
-	When using CG resources, the network can schedule subsequent UL transmissions using dynamic grants or they can take place on the next CG resource occasions. The DL transmissions are scheduled using dynamic assignments.
-	When using RACH resources, the network can schedule subsequent UL and DL transmissions using dynamic grants and assignments, respectively, after the completion of the RA procedure.


Based on above texts from latest Stage-2 running CR from RAN2, the subsequent transmission and reception for CG-SDT can be based on either CG or DG, and the subsequent transmission and reception for RA-SDT can be based on DG.
	RAN2#114-e
2.	The separate search space is common to the UEs performing RA-SDT. Inform RAN1 of this agreement
3.	Working assumption: UE-specific search space is configured for UEs performing CG-SDT. RAN2 asks RAN1 whether this working assumption can be confirmed


UE is supposed to monitor the configured search space for DG based subsequent transmission and reception.
Resource selection and validation
	RAN2#115-e
31.	UE selects any SSBs if there is no qualified SSB for RA-SDT, like in legacy.  No optimizations are considered.


When RA-SDT is used, the selection of RA resource for SDT will be same as in legacy CBRA, i.e. UE can select the RA resource that is associated to an SSB index with RSRP above a threshold. When there is no qualified SSB for RA-SDT, UE can select any SSB. 
	RAN2#112-e
16	The configuration of configured grant resource for UE small data transmission is valid only in the same serving cell.  FFS for other CG validity criteria (e.g. timer, UL/SUL aspect, etc)
17	The UE can use configured grant based small data transfer if at least the following criteria is fulfilled (1) user data is smaller than the data volume threshold; (2) configured grant resource is configured and valid; (3) UE has valid TA.  FFS for the candidate beam criteria.  
18	From RAN2 point of view:  An association between CG resources and SSBs is required for CG-based SDT.  FFS up to RAN1 how the association is configured or provided to the UE.  Send an LS to RAN1 to start the discussion on how the association can be made.   Mention that one option RAN2 considered was explicit configuration with RRC Release message
19	A SS-RSRP threshold is configured for SSB selection. UE selects one of the SSB with SS-RSRP above the threshold and selects the associated CG resource for UL data transmission.

	RAN2#113-e
6.	From RAN2 point of view, assume similar to PUR, that we introduce a TA validation mechanism for SDT based on RSRP change, i.e.  RSRP-based threshold(s) are configured.  Ask RAN1 to confirm.  FFS on how to handle CG configuration when TA expires or when is invalid due to RSRP threshold.  Details of the TA validation procedure can be further discussed.

	RAN2#114-e
9.	For initial CG transmission, UE does not select any SSB if none of the SSBs’ RSRP is above the RSRP threshold.  FFS if re-evaluation for every CG transmission is necessary

	RAN2#115-e
34.	If none of the SSBs’ RSRP is above the RSRP threshold of CG-SDT criteria in the type selection phase, UE should select RA-SDT if RA-SDT criteria is met
36.	During subsequent CG transmission phase (i.e. after the UE has received response from NW) UE can initiate at least legacy RACH procedure (e.g. trigger due to no UL resources).  No MAC PDU rebuilding is required.  FFS if the RA-SDT RA resources can be used for subsequent data.   
a.	At least the following conditions are agreed: (1) no qualified SSB when the evaluation is performed; (2) when TA is invalid; (3) when SR is triggered due to lack of UL resource
40.	During the subsequent new CG transmission phase, for the purpose of CG resource selection, UE re-evaluates the SSB for subsequent CG transmission.  FFS what happens if no SSBs are valid or if no sample is available


When CG-SDT is used, the resource selection is similar as in RA-SDT, i.e. there is an association between SSB and CG resources. UE will select the CG resource for data transmission that is associated to an SSB index with RSRP above a threshold. 
When there is no qualified SSB, UE is expected to use RA-SDT for initial transmission, and fall back to legacy RA procedure for subsequent transmission. Also, it was agreed that during subsequent transmission phase, for the purpose of CG resource selection, UE should re-evaluate the SSB for subsequent CG transmission.
Besides the resource qualification, one additional validation for CG-SDT is the TA validation. Similar to PUR, RAN2 has introduced TA validation based on TA timer and RSRP change. 
Termination 
	Once initiated, an SDT procedure lasts as long as the UE is not explicitly directed to RRC_IDLE or RRC_INACTIVE (via RRCRelease) or to RRC_CONNECTED (via RRCResume), or until cell re-selection, expiry of the SDT failure detection timer, or an RLC entity reaching a configured maximum retransmission threshold in which cases the UE transitions to RRC_IDLE.


Based on above texts from latest Stage-2 running CR from RAN2, there are several conditions under which the SDT will be terminated. When SDT is terminated, UE goes to other RRC states.
RRM impacts
New RRM requirements
Based on the SDT framework described in section 2, some new RRM requirements may be needed.
One issue is the UL timing requirements for PUSCH transmission for SDT. It is noted that the current Te requirements in clause 7.1 of 38.133 are only for transmissions in Connected state and PRACH. They apply for Msg1 or MsgA for the initial transmission of RA-SDT, but for other PUSCH transmissions for SDT, including CG-PUSCH and PUSCH scheduled with DG, there is no applicable requirement.
From NW perspective, it is desirable that the UL transmissions from all UEs fall in the same FFT window, including SDT transmissions and non-SDT transmissions (e.g. scheduled PUSCH for UE in Connected state), otherwise there will be inter-UE interference which will degrade the UL demodulation performance.
Therefore, it is meaningful to define UL timing accuracy requirements for PUSCH transmission for SDT. The most straightforward way to define the requirements is to re-use the existing Te requirements. On the other hand, UE T/F tracking can be different between Inactive and Connected state, e.g. for power saving, UE may not perform T/F tracking in Inactive state as frequently as in Connected State. We suggest RAN4 to discuss whether to re-use the Te requirements for Connected state.
Proposal 1: Define UL timing accuracy requirements for PUSCH transmission for SDT. FFS whether to re-use the Te requirements for Connected state.
Another issue is the RSRP measurement. It can be seen that some of procedures in SDT is based on serving cell RSRP comparison with some threshold, or serving cell RSRP change. Specifically, one of the conditions to select between SDT/non-SDT is serving cell RSRP being larger than a threshold; for CG-SDT, the CG resource selection is based on RSRP similar as PRACH resource selection for RA; also for CG-SDT the TA validation can be based on serving cell RSRP change.
For the SDT procedure to work properly, it is necessary for UE to make the related comparisons based on a timely measured RSRP. 
· Currently, for Inactive state UE performs serving cell measurement for cell reselection, and is required to measure and evaluate the serving cell every M1*N1 DRX cycles as defined in clause 4.4.2.2. The measurement may not be sufficient considering that the periodicity of CG occasions can be much smaller than the largest DRX cycle. The CG periodicity for SDT has not been decided, but for Connected state, the CG periodicity can be as small as 1ms.
· On the other hand, it is impossible and unreasonable for UE to make the RSRP comparison for every CG occasion e.g. when CG periodicity is smaller. Also it is noted that UE only uses the CG occasions when there is UL data awaiting for transmission. 
We suggest RAN4 to discuss whether and how to define RSRP measurement requirements for CG-SDT. One possible reference is requirements defined for TA validation for PUR in Rel-16 eMTC/NB-IoT, e.g. in clause 4.7.4.3 of 36.133.
Proposal 2: RAN4 to discuss whether and how to define RSRP measurement requirements for CG-SDT considering the need for selection between SDT/non-SDT, CG resource selection and TA validation.
Finally, in the LS from RAN2 to RAN1 [2], RAN2 asks about whether BFD/BFR is required for SDT. RAN4 may need to define related BFD/BFR requirements if it is introduced by RAN1 or RAN2.
	Q5: Does RAN1 think that BFD/BFR procedure is required for SDT and if needed, can RAN1 define the necessary procedure to support this? 


Proposal 3: RAN4 to discuss whether and how to define requirements for BFD/BFR if it is introduced by RAN1/2.
Existing RRM requirements
In this section we analyze the impact of SDT to the existing requirements for Inactive state.
Currently, Inactive state requirements include 
· Cell reselection measurement, for intra-frequency, inter-frequency and inter-RAT
· Paging interruption 
· MDT (re-using the measurement requirements for cell reselection)
· EMR (re-using the measurement requirements for cell reselection)
As SDT is only concerned with serving cell, there should be in principle no impact to the cell reselection requirements, i.e. the measurement of neighbour cell should still be based on DRX cycle as in Rel-16. In this sense the current cell reselection measurement requirements should be also applicable with SDT, but as this is the first meeting for SDT, we are open to hear other opinions.
Proposal 4: Requirements for cell reselection during SDT are defined based on DRX cycle. FFS whether Rel-16 measurement requirements can be re-used.
Conclusions
In this paper we provided our views on the possible RRM impacts due to SDT.
Proposal 1: Define UL timing accuracy requirements for PUSCH transmission for SDT. FFS whether to re-use the Te requirements for Connected state.
Proposal 2: RAN4 to discuss whether and how to define RSRP measurement requirements for CG-SDT considering the need for selection between SDT/non-SDT, CG resource selection and TA validation.
Proposal 3: RAN4 to discuss whether and how to define requirements for BFD/BFR if it is introduced by RAN1/2.
Proposal 4: Requirements for cell reselection during SDT are defined based on DRX cycle. FFS whether Rel-16 measurement requirements can be re-used.
[bookmark: _GoBack]Reference
[1]. RP-210870, Work Item on NR smalldata transmissions in INACTIVE state, ZTE Corporation
[2]. R2-2109222, LS on agreements related to SDT, RAN2
8

5

