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[bookmark: _Ref138137599]Introduction
In RAN3#120 and RAN3#121 there have been discussions of how to aid the gnB-CU-CP to decide which RRC state the UE should be in. 
Currently the following agreements have been made in RAN3:

	· RAN3 has agreed to proceed with a solution based on gNB-CU-CP configuring the gNB-DU with a threshold for the detected UL SDT data’s BSR received from the UE. See R3-234556 - R3-234557 -R3-234558(F1 TS 38.473 spec CR)
· Upon receiving BSR from the UE, in case that UL SDT data size in the BSR is larger than the configured threshold, the gNB-DU sends a F1 message (UE INACTIVITY NOTIFICATION message) to the gNB-CU-CP with the SDT volume threshold crossed indication (step 5 below).
[image: ]
· Upon receiving such indication, the gNB-CU-CP may terminate the ongoing SDT procedure, by sending the RRCResume message to move the UE to RRC_CONNECTED, or by sending the RRCRelease message to move the UE to RRC_INACTIVE (step 7).
· RAN3 has agreed that the value range of the SDT volume threshold for UL Data is between 1 and 192k bytes.

For Rel-18 MT-SDT, has agreed that a similar threshold configuration should be done for the DL data received from the CN and buffered at the CU-UP:
· See R3-234586 and R3-234769  (E1 TS 37.483 spec CR)
· If the amount of the received DL SDT data is above the data size threshold configured by the gNB-CU-CP, the gNB-CU-UP shall send the DL DATA NOTIFICATION message with the SDT data size threshold crossed indication (step 7 below). The gNB-CU-CP may terminate the ongoing SDT procedure.
[image: ]
· The above design was part of our E1 IvD and was agreed in last meeting. In fact the agreed E1 CR linked above was from Ericsson.
· RAN3 has similarly agreed that the value range of the SDT volume threshold for DL SDT is between 1 and 192k bytes.




Based on this information, this contribution discusses proposals to exchange information between the RAN nodes to gain functionality in line with RAN3s intentions.


2 Discussion
2.1 BSR reporting
The reporting of BSR to the gNB follows principles described in the MAC specification, TS 3GPP 38.321. If legacy BSR is used this has no impact on RAN2 specifications. However, since RAN3 is not only concerned about the data volume when initiating SDT but also if the data volume at any time exceeds the data volume threshold, the legacy BSR triggering conditions may not be sufficient. Triggering of Regular BSR is specified as follows in 3GPP TS 38.321, v17.5.0:
A BSR shall be triggered if any of the following events occur for activated cell group:
-	UL data, for a logical channel which belongs to an LCG, becomes available to the MAC entity; and either
-	this UL data belongs to a logical channel with higher priority than the priority of any logical channel containing available UL data which belong to any LCG; or
-	none of the logical channels which belong to an LCG contains any available UL data.
	in which case the BSR is referred below to as 'Regular BSR';

From this it is seen that a Regular BSR is not triggered if more data arrives to the same LCH while the buffer has not been emptied. This means there is a risk that the data volume threshold is exceeded, without this triggering a BSR and consequently the gNB-UP will not report this to gNB-CU-CP.
[bookmark: _Toc146806317]During an ongoing SDT procedure, regular BSRs are not triggered if new data belonging to the same LCG arrives to a non-empty buffer.
[bookmark: _Toc146806318]BSR is not always triggered when the buffer status exceeds the indicated DVT which would be used by gNB-DU to inform the gnB-CU-CP to take decision on RRC state.

A remedy for this problem can simply be to define a new BSR trigger for SDT. The trigger would be that the amount of data is above a new threshold, i.e. the threshold that is specified by RAN3.
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[bookmark: _Toc146806321]A Regular BSR is triggered if the data volume in LCHs configured for SDT exceeds a SDT volume threshold.
Without any new trigger condition for SDT the RAN3 procedure to inform the gNB-CU-CP if the UL data volume in the UE exceeds the data volume threshold will not be efficient. Since the first transmission will carry the BSR for the initial data triggering SDT this BSR will not be useful since the data volume at this point is less than sdt-DataVolumeThreshold. As can be seen from the RAN3 discussion, RAN3 has agreed that the value range of the SDT volume threshold for UL Data is between 1 and 192k bytes, i.e. twice the size of sdt-DataVolumeThreshold. Hence, RAN3s SDT volume threshold is targeting subsequent data arrival. This implies that a specific trigger is needed, since the subsequent data can arrive before the UL buffer is emptied. To be able to set the threshold for when a BSR is triggered, the threshold must be known to the UE. This is best achieved by including the threshold in SI.
[bookmark: _Toc146806322]The SDT volume threshold is configured in SI.
2.2 Retransmission of initial CG-SDT transmission
One problem when configuring long CG periodicities is if the gNB does not detect the initial CG transmission and consequently does not acknowledge the CG transmission. In this case the UE would according to current specification need to wait until the next CG transmission occasion to perform a retransmission. However, this would not be possible since T319a would time out before next CG transmission occasion for most newly introduced periodicities and the UE would transit to Idle. In this case a more efficient way to retransmit than waiting for the next CG occasion is needed to prevent the UE from going to Idle.
[bookmark: _Toc127453764][bookmark: _Toc146266884][bookmark: _Toc146806319]Retransmissions of the initial CCCH transmission must be performed earlier than the next CG occasion if the CG-SDT periodicity is long. 
In order to perform a retransmission a grant is needed. For SDT, no PUCCH SR resources are configured. In RAN2#118-e it was also agreed that RA can only be performed after the initial CG-transmission has been acknowledged. Hence, using RA to obtain a grant before the initial transmission has been acknowledged is not allowed in current specification. Furthermore, an RA-SDT procedure cannot be initiated once a CG-SDT procedure has been initiated.
[bookmark: _Toc127453765][bookmark: _Toc146266885][bookmark: _Toc146806320]There are no means to obtain a grant before the initial CG-SDT transmission has been acknowledged according to current specification. 
To solve the problem of slow retransmissions when having a long CG-SDT periodicity we think that the option of triggering random access in case of no acknowledgement would be beneficial. This could preferably be done by using RA-SDT resources where the RRCResumeRequest and data is retransmitted. This is essentially equivalent to initiating a new RA-SDT procedure. This also seems to be a reasonable approach since the reason why no acknowledgement or grant for retransmission is obtained would typically be either radio conditions not suitable for CG-SDT or an insufficient time alignment. Both of these conditions imply that RA-SDT should be used. It should also be noted that the need to trigger RA-SDT is only for the initial transmission when the gNB is unaware whether the UE has initiated an SDT procedure or not. This minimizes the specification changes since only the initial MAC PDU is in the HARQ buffer so only this MAC PDU needs to be moved to the MSG3 buffer.
[bookmark: _Toc127453766][bookmark: _Toc146266888][bookmark: _Toc146806323]If no feedback is received for the initial CG transmission when CG periodicity is long, a RA-SDT procedure is triggered.

Conclusion
[bookmark: _Hlk76116627]In the previous sections we made the following observations: 
Observation 1	During an ongoing SDT procedure, regular BSRs are not triggered if new data belonging to the same LCG arrives to a non-empty buffer.
Observation 2	BSR is not always triggered when the buffer status exceeds the indicated DVT which would be used by gNB-DU to inform the gnB-CU-CP to take decision on RRC state.
Observation 3	Retransmissions of the initial CCCH transmission must be performed earlier than the next CG occasion if the CG-SDT periodicity is long.
Observation 4	There are no means to obtain a grant before the initial CG-SDT transmission has been acknowledged according to current specification.

Based on the discussion in the previous sections we propose the following:
Proposal 1	A Regular BSR is triggered if the data volume in LCHs configured for SDT exceeds a SDT volume threshold.
Proposal 2	The SDT volume threshold is configured in SI.
Proposal 3	If no feedback is received for the initial CG transmission when CG periodicity is long, a RA-SDT procedure is triggered.
[bookmark: _In-sequence_SDU_delivery]
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********START CHANGES*************************************
[bookmark: _Toc139032268]5.4.5	Buffer Status Reporting
The Buffer Status reporting (BSR) procedure is used to provide the serving gNB with information about UL data volume in the MAC entity.
RRC configures the following parameters to control the BSR:
-	periodicBSR-Timer;
-	retxBSR-Timer;
-	logicalChannelSR-DelayTimerApplied;
-	logicalChannelSR-DelayTimer;
-	logicalChannelSR-Mask;
-	logicalChannelGroup, logicalChannelGroupIAB-Ext;
-	sdt-LogicalChannelSR-DelayTimer.
-	sdt-SDT-VolumeThresholdBSR	
Each logical channel may be allocated to an LCG using the logicalChannelGroup. The maximum number of LCGs is eight except for IAB-MTs configured with logicalChannelGroupIAB-Ext, for which the maximum number of LCGs is 256.
The MAC entity determines the amount of UL data available for a logical channel according to the data volume calculation procedure in TSs 38.322 [3] and 38.323 [4].
A BSR shall be triggered if any of the following events occur for activated cell group:
-	UL data, for a logical channel which belongs to an LCG, becomes available to the MAC entity; and either
-	this UL data belongs to a logical channel with higher priority than the priority of any logical channel containing available UL data which belong to any LCG; or
-	none of the logical channels which belong to an LCG contains any available UL data.
-  the total data volume for LCH(s) configured for SDT exceeds sdt-SDT-VolumeThresholdBSR.

	in which case the BSR is referred below to as 'Regular BSR';
-	UL resources are allocated and number of padding bits is equal to or larger than the size of the Buffer Status Report MAC CE plus its subheader, in which case the BSR is referred below to as 'Padding BSR';
-	retxBSR-Timer expires, and at least one of the logical channels which belong to an LCG contains UL data, in which case the BSR is referred below to as 'Regular BSR';
-	periodicBSR-Timer expires, in which case the BSR is referred below to as 'Periodic BSR'.
NOTE 1:	When Regular BSR triggering events occur for multiple logical channels simultaneously, each logical channel triggers one separate Regular BSR.
************** END CHANGES*************************
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