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1. Introduction
[bookmark: OLE_LINK70]In this paper, we discuss the control plane aspects for small data transmission (SDT) common for both random access-based schemes and CG based scheme.
2. Discussion
2.1	RSRP thresholds for SDT
[bookmark: OLE_LINK197]2.1.1	RSRP for SDT selection
[bookmark: OLE_LINK216][bookmark: OLE_LINK217][bookmark: OLE_LINK203]In the last RAN2#113bis-e meeting, RAN2 agreed “RSRP threshold is used to select between SDT and non-SDT procedure, if configured (RSRP refers to the same RSRP measured for carrier selection)”. However, it still might not be clear to the group what reference signal we need to measure for SDT. According to the NR measurement model as shown in Figure 1, NR UEs measure the SS-RSRP of gNB beam 1~K (SSB 1~K) at Point A, then the cell quality is derived at Point B with beam consolidation/selection, and L3 measurement results are obtained at point C with layer 3 filtering. 


Figure 1: Measurement Model
Based on the measurement model, the following possibilities can be considered for RSRP measurement results to be used for selection between SDT and non-SDT or carrier selection for SDT:
· [bookmark: OLE_LINK204][bookmark: OLE_LINK205][bookmark: OLE_LINK206]Option1: SS-RSRP, which means the measurement results at Point A can be used for SDT selection/carrier selection.
· Option2: Downlink pathloss reference RSRP, which means the measurement results at Point B can be used for SDT selection/carrier selection.
· Option3: Layer 3 RSRP, which means the measurement results at Point C can be used for SDT selection/carrier selection.
In Release 15, the RSRP of the downlink pathloss reference is used to select SUL/NUL or 2-step/4-step RA type, while the SS-RSRP is used for SSB selection. For SDT vs. non-SDT selection, cell coverage and radio quality needs to be considered and hence, the RSRP used for SDT selection/carrier selection should be on a cell level. It is also beneficial to align with legacy carrier selection measurement results, so we propose to clarify that cell level RSRP of the downlink pathloss reference is used to select between SDT and non-SDT procedure and for carrier selection for SDT.
When it comes to beam consolidation, according to current 38.331 specification, network can configure two parameters to control how UE measures the RSRP of downlink pathloss reference, i.e. nrofSS-BlocksToAverage and absThreshSS-BlocksConsolidation. The UE only takes the SSBs whose measurement quantity values are over the absThreshSS-BlocksConsolidation into consideration for RSRP calculation, while the number of considered SSBs cannot be larger than nrofSS-BlocksToAverage. The considered SSBs form the ‘subset’ of SSBs for cell quality measurement. For more detail, the UE’s measurement behavior based on these two parameters is specified in TS 38.331 as follows:
 TS38.331 Section 5.5.3
The UE shall:
1>	for each cell measurement quantity to be derived based on SS/PBCH block:
2>	if nrofSS-BlocksToAverage is not configured in the associated measObject in RRC_CONNECTED or in the associated entry in measIdleCarrierListNR within VarMeasIdleConfig in RRC_IDLE/RRC_INACTIVE; or
2>	if absThreshSS-BlocksConsolidation is not configured in the associated measObject in RRC_CONNECTED or in the associated entry in measIdleCarrierListNR within VarMeasIdleConfig in RRC_IDLE/RRC_INACTIVE; or
2>	if the highest beam measurement quantity value is below or equal to absThreshSS-BlocksConsolidation:
3>	derive each cell measurement quantity based on SS/PBCH block as the highest beam measurement quantity value, where each beam measurement quantity is described in TS 38.215 [9];
2>	else:
3>	derive each cell measurement quantity based on SS/PBCH block as the linear power scale average of the highest beam measurement quantity values above absThreshSS-BlocksConsolidation where the total number of averaged beams shall not exceed nrofSS-BlocksToAverage;
2>	if in RRC_CONNECTED, apply layer 3 cell filtering as described in 5.5.3.2

Generally, the UE’s behavior for cell measurement quantity is different depending on whether the highest beam measurement quantity value is smaller or larger than absThreshSS-BlocksConsolidation, which is highlighted in yellow above. That is mainly because the beams lower than the configured RSRP threshold are not suitable for signal transmission so that UE should not take them into account. For RSRP used for SDT vs. non-SDT as well as for SDT UL carrier selection, we think that the legacy mechanism can be reused. 
[bookmark: OLE_LINK152][bookmark: OLE_LINK153]Proposal 1: Cell level RSRP of the downlink pathloss reference is used (a) to select between SDT and non-SDT procedure and; (b) to select an UL carrier for SDT transmission. The procedure of beam consolidation for driving cell level RSRP from TS 38.304 is specified in the MAC spec for the cell level RSRP. 
2.1.2	RSRP for UL carrier selection
RAN2 agreed on the following regarding the UL carrier selection by RSRP:
	RSRP threshold for carrier selection is specific to SDT (i.e. separately configured for SDT).  This is optional for the network.  


As RAN2 agreed that the RSRP threshold for carrier selection is optional, there is a scenario where SDT is configured for both NUL and SUL carriers while RSRP threshold is not configured by the network. In this case, it is unclear how the UE determines which carrier to select. For SDT carrier selection, we think that when the network does not configure an SDT-specific carrier selection threshold for the UE, then the UE can use the legacy threshold for carrier selection.
[bookmark: OLE_LINK222][bookmark: OLE_LINK223]Proposal 2：If both NUL and SUL carriers are configured with SDT, while the RSRP threshold for carrier selection for SDT is not configured, the UE uses the legacy RSRP threshold for SDT carrier selection. 
2.2	SDT fallback and switching
[bookmark: OLE_LINK59]2.2.1	Supported cases for SDT fallback and switching
[bookmark: OLE_LINK29][bookmark: OLE_LINK27]In RAN2#113bis e-meeting, RAN2 agreed that switching from SDT to non-SDT is supported, the related agreements are as follows:
	Agreements:
9	Switching from SDT to non-SDT is supported.
10	FFS Switching from CG-SDT to RA-SDT is not allowed
11	UE switches from SDT to non-SDT in following cases:
-	Case 1 (27/0): UE receive indication from network to switch to non-SDT procedure. 
-		Network can send RRCResume. FFS whether network can send indication in RAR/fallbackRAR/DCI to switch to non-SDT procedure.
-	FFS Case 2 (18/9): Initial UL transmission (in msgA/Msg3/CG resources) fails configured number of times


[bookmark: OLE_LINK86]The above agreements have be summarized into the following table for the supported/unsupported/FFS cases for fallback and switching in the editor’s note in the MAC running CR
	Table 1: Supported/unsupported/FFS cases for fallback and switching
	
	CG-SDT
	2-step RA-SDT
	4-step RA-SDT

	2-step RA-SDT
	FFSNOTE2
	NA
	NA

	4-step RA-SDT
	FFSNOTE2
	FFSNOTE3
	NA

	2-step RA
	YesNOTE1
	YesNOTE1
	YesNOTE1

	4-step RA
	YesNOTE1
	YesNOTE1
	YesNOTE1


NOTE1: Based on the agreement in RAN2#113bis-e: “Switching from SDT to non-SDT is supported”.
NOTE2: Based on the agreement in RAN2#113bis-e: “FFS Switching from CG-SDT to RA-SDT is not allowed”.
NOTE3: No agreement



When SDT is triggered based on the SDT selection criteria, a PDU including both uplink RRC message and user data will be constructed and transmitted by a UE. However, there may be cases when the network will not be able to decode such a big PDU successfully due to adverse wireless environment conditions. 
For case 1 in the agreements, the network should be able to send an indication to fallback to non-SDT transmission if it finds SDT is not suitable for the UE, similar to the fallback in PUR and EDT in LTE. This was in theory discussed in the “[POST113-e][501][SDT] Selection criteria and overall Procedure” discussion, but it should be noted companies interpreted the question differently there, which affected the replies. In our understanding the fallback is mainly about the handling of initial SDT transmission failures, in particular in case the network was not able to decode the initial SDT message. In such situation, the network is not able to reply with the RRCResume message. We certainly agree that the network can send RRCResume message at any point during the SDT process to terminate the SDT procedure, but this should not be understood as a fallback to the legacy non-SDT RA procedure. Therefore, we think the fallback is needed in case the network is able to decode at least a preamble (for RA-SDT) or DMRS (for CG-SDT), but not the data.
[bookmark: OLE_LINK85]Table 2: Fallback cases in SDT upon reception of RAR/fallbackRAR/DCI
	
	2-step RA-SDT
	4-step RA-SDT
	CG-SDT

	2-step RA-SDT
	NA
	NA
	FFS

	4-step RA-SDT
	FFS.
No MAC PDU rebuilding is needed.
	NA
	FFS

	2-step RA
	NA
	NA
	fallback indication is included in DCI. UE fallback to legacy RA.

	4-step RA
	MAC PDU rebuilding is needed as the UL grant in fallbackRAR is only for RRC message if UE continues with the current resume procedure.
	the fallback can be realized by the gNB providing a smaller grant in RAR and optionally indicating that the UE should only include RRC message (no user data) in msg3
	fallback indication is included in DCI. UE fallback to legacy RA. 


Therefore, to avoid the MAC PDU rebuilding and minimize the impact of the UE, we believe that the following cases should be supported: 
· [bookmark: OLE_LINK56]For 2-step RA-SDT, UE falls back from 2-step RA SDT to 4-step RA-SDT procedure upon receiving fallbackRAR from the network
· For 4-step RA based SDT, in case the NW sends fallback indication in the first RAR, the fallback can be realized by the gNB providing a smaller grant in RAR and optionally indicating that the UE should only include RRC message (no user data) in msg3
· For CG-based SDT, fallback indication is included in DCI
Proposal 3: Fallback can be explicitly indicated by the network: 
· For 2-step RA based SDT, UE falls back to 4-step RA-SDT procedure upon receiving fallbackRAR from the network. For 4-step RA based SDT, the fallback can be realized by the gNB providing a smaller grant in the first received RAR and optionally indicating that the UE should only include RRC message (no user data) in msg3 
· For CG-based SDT, fallback indication is included in DCI.
For Case 2 in the agreements box, in Rel-16, UE performing 2-step RACH should fallback to 4-step RACH when msgA transmission fails msgA-TransMax times. While in SDT the payload to be transmitted is even larger, as a consequence, there is a rather high possibility that the network cannot decode the payload successfully. On top of that, it would not be resource efficient if UE keeps transmitting SDT data when the UE does not receive any reply from the network for its initial SDT transmission. Therefore, besides the fallback explicitly indicated by the network, we think the UE should trigger legacy RRC Resume procedure in case there is no reply from the network at all for the initial SDT transmission (e.g. SDT transmission fails a configured number of times). Besides the fallback cases for 2-step RA-SDT upon reaching the max number of msgA transmissions shown in Table 3, we think for 4-step RA-SDT, MAC PDU rebuilding is also needed if UE continues with the current resume procedure.
Table 3: Fallback cases for 2-step RA-SDT upon reaching the max number of msgA transmissions:
	Reason 
	4-step RA-SDT
	4-step RA
	2-step RA

	Reaching the maximum number of msgA transmissions
	[bookmark: OLE_LINK41]No MAC PDU rebuilding is needed.
	MAC PDU rebuilding is needed, as the UL grant in RAR is only for RRC message and UE continues with the current resume procedure.
	MAC PDU rebuilding is needed if UE continues with the current resume procedure. 



[bookmark: OLE_LINK52]Proposal 4: UE falls back from 2-step RA SDT procedure to 4-step RA-SDT procedure upon reaching the maximum number of msgA transmissions.
For CG-SDT scheme, some companies argued that it would be beneficial to fallback to RA-SDT, but we think there are several issues with such approach. For example, it cannot be assumed that the TBS used for RA-SDT and CG-SDT is the same as it would limit the flexibility of the network configuration and resource efficiency unnecessarily. Furthermore, in case transmission via CG-SDT is unsuccessful, there is a high chance RA-SDT will also fail causing additional delay for sending data. Therefore, we think that if initial CG-SDT fails the UE should perform a new RA for legacy RRCResumeRequest procedure and the fallback behavior upon initial SDT transmission failure would be the same for all schemes.
Proposal 5: Fallback from CG-SDT to RA-SDT is not supported.
2.3	Downlink RRC message for SDT
In the previous meetings, we had agreed that the first UL RRC message, similar to RRCResumeRequest, will be used for initiating the SDT procedure and RRCRelease message will be used for terminating the SDT procedure. We believe that these two RRC messages will be enough for initiating and terminating a one-shot SDT procedure where one UL data packet and optionally one DL data packet is exchanged between the UE and the network as shown in the example in Figure 2.
[image: ]
Figure 2 One-shot SDT procedure for 4-Step and 2-Step RACH
If we think of extending the basic one-shot SDT procedure to a multi-shot SDT procedure we observe that any subsequent SDT data that needs to be exchanged between the UE and the network during a multi-shot SDT session must be exchanged between the first UL RRC message/RRCResumeRequest and RRCRelease message that terminates the SDT procedure. 
Observation 1: Any subsequent SDT data that needs to be exchanged between the UE and the network during a multi-shot SDT session must be exchanged between RRCResumeRequest and RRCRelease.
For a multi-shot RA-SDT procedure, we think it will be beneficial for the network if the UE provides the traffic pattern information in terms of number of packets to be transmitted and the periodicity of the packets in MSG 3 or MSG A as this may be known at the UE. Based on traffic pattern information, the network may want to allocate CG resources for the subsequent data transmissions if the traffic pattern indicated by the UE is periodic in nature. For the network to be able to provide CG Configuration, a DL RRC message, other than RRCRelease message, will be needed which can signal such configurations during the SDT procedure but will not terminate the SDT procedure. The periodic traffic data will then be transmitted in multiple CG resource occasions.
Figure 3 shows multi shot SDT procedure using 4-Step and 2-Step RACH with subsequent data being transmitted over multiple CG resource occasions which is configured using the new DL RRC SDT message
[image: ]
Figure 3 Multi Shot SDT procedure with CG Resource configured with DL RRC SDT message
In addition to providing CG resource configuration as depicted above in Figure 3, the new DL RRC message   can serve as a means of network verification from UE point of view as this will be received on DCCH before continuing with subsequent data transmission and it can also be used for providing other configurations such as RLM/BM configuration to the UE if these are considered necessary during SDT. 
Proposal 6: A new downlink RRC message that does not terminate the SDT procedure, should be defined. This DL RRC message can be used for sending configuration parameters for CG resources for subsequent data transmissions.
2.4	Cell reselection and data loss avoidance during SDT
When it comes to SDT, the data loss at the UE can happen when the cell reselection occurs during small data transmission procedure.
In Rel-15 NR, the UE goes to RRC_IDLE when cell re-selection occurs during RRC resume procedure. After going to RRC_IDLE, the UE discards Inactive AS context and releases the suspendConfig. This is shown in the following text from RRC and PDCP specification. 
	[bookmark: _Toc46439215][bookmark: _Toc46444052][bookmark: _Toc46486813]TS 38.331
5.3.13.6	Cell re-selection or cell selection while T390, T319 or T302 is running (UE in RRC_INACTIVE)
The UE shall:
1>	if cell reselection occurs while T319 or T302 is running:
2>	perform the actions upon going to RRC_IDLE as specified in 5.3.11 with release cause 'RRC Resume failure';
====OMITTED======
[bookmark: _Toc46439206][bookmark: _Toc46444043][bookmark: _Toc46486804]5.3.11	UE actions upon going to RRC_IDLE
The UE shall:
====OMITTED======
1>	discard the UE Inactive AS context, if any;
1> [bookmark: OLE_LINK1][bookmark: OLE_LINK9]release the suspendConfig, if configured;
====OMITTED======
1>	release all radio resources, including release of the RLC entity, the BAP entity, the MAC configuration and the associated PDCP entity and SDAP for all established RBs;
TS 38.323
5.1.3	PDCP entity release
When upper layers request a PDCP entity release for a radio bearer for Uu or PC5 interface, the UE shall:
-	discard all stored PDCP SDUs and PDCP PDUs in the transmitting PDCP entity;


For small data, the duration of the RRC resume procedure may be much longer than in the previous releases, since the maximum duration is no longer limited by the current T319 (the length of timer T319 in specification ranges from 100ms to 2s) due to the subsequent uplink transmissions. In the e-mail discussion, some companies argued that cell reselection during SDT procedure is a corner case, not worthy of an optimization. However, considering that SDT procedure durations which were mentioned previously by the companies, can be as long as 10s, the probability of the cell reselection is rather high. Table 1 presents some estimation of the magnitude of the problem.
Table 5: Cell reselection probability during SDT procedure
	UE velocity [km/h]
	SDT duration [s]
	Distance covered by the UE during SDT procedure [m]
	Cell reselection probability when the ISD ranges from 500 m to 100 m 

	3
	5
	4.166666667
	0.8~4.2%

	3
	10
	8.333333333
	1.7~8.3%

	30
	5
	41.66666667
	8~42%

	30
	10
	83.33333333
	17~83%

	60
	5
	83.33333333
	17~83%

	60
	10
	166.6666667
	33~100%

	120
	5
	166.666667
	33~100%

	120
	10
	333.3333333
	67~100%


For this simple exercise, we assume that the UEs are moving along the straight line. Considering that the typical cell radius in urban scenario will be 100-500 meters and the maximum duration of SDT is 10 seconds, according to the last column of Table 5, we can identify the possibility of cell reselection during SDT procedure. For example, if the velocity of the UE is 30km/h, the duration of the SDT is 10s, and the cell radius is 500 meters, then the probability of cell reselection is 17%. Further, if the speed of the UE is 60km/h, the duration of the SDT is 10s, and the probability of cell reselection occurring is up to 33% and 17% if SDT lasts for 5 seconds. For some cases, e.g. UE velocity of 60 km/h and SDT procedure lasting 10 seconds, there is actually a high probability that the UE will perform more than one cell reselection during a single SDT procedure. 
Of course, there are cases where cell reselection probability is low, e.g. if the speed of the UE is 3km/h, the SDT duration is 10s, and the cell radius is 500 m, the probability of cell reselection is 1.7%. However, we think SDT procedure applies to multiple application scenarios including smartphone applications in mobile scenarios where the UE is on a bus or on a train. Therefore, the SDT should be comprehensively considered to cover scenarios where the UE moves fast as well.
Hence, based on the above analysis, we believe the possibility of cell reselection during SDT cannot be seen as a corner case. Cell reselection will happen much more often than previously during the RRC resume procedure. Each time this happens there would be data loss due to discarding of all PDCP SDUs and PCDP PDUs according to current procedures as mentioned above. In order to achieve lossless transmission of user data, a different approach is needed. 
Observation 2: Since the duration of a SDT procedure will be longer than legacy connection resume procedure, especially due to subsequent data transmissions, the cell reselection during ongoing SDT procedure cannot be treated as a corner case.
[bookmark: OLE_LINK16]To solve the data loss problem described above, some solutions were proposed in [1] and two main approaches are still FFS in the RAN2#113bis-e meeting agreements.
	Agreements:
7  FFS - RAN2 to select between the following options for cell re-selection during ongoing SDT procedure next meeting: 1) UE transitions to IDLE, possibly performing high-layer retransmission (8/25); or 2) UE remains in INACTIVE and sends RRC Resume to new cell



Option 1) reuses legacy procedures, i.e. there is no enhancements for SDT procedure. However, as explained above, legacy behavior deteriorates the network performance and user experience when SDT is enabled, since data losses will happen much more often than for legacy resume procedure. In general, the service requirements will not change regardless of whether the UE is configured with SDT or not, so relying on upper layers is not a real solution in our opinion. In addition, higher layer retransmission mechanism can only work for DRBs with RLC AM. For RLC UM, the PDCP PDUs will not be retransmitted at PDCP re-establishment.
[bookmark: OLE_LINK167][bookmark: OLE_LINK176]For option 2) (UE remains in RRC_INACTIVE), the DRBs are suspended and, in consequence, the previously transmitted PDCP SDU can be still kept in the PDCP buffer. PDCP SDU retransmission can be triggered when PDCP entity resumes again and there is no data loss. We think that it is more appropriate for UEs in RRC INACTIVE state to perform RRC Resume procedure (either SDT or non-SDT), but the potential issue which was raised is whether the same NCC can be reused in the new cell by the UE. RAN2 already has sent an LS to SA3 to further check this security issue, so the final decision can be made once the reply is received.
Proposal 7: To avoid data loss when cell reselection is performed by the UE during SDT procedure, the UE stays in RRC_INACTIVE after a cell reselection, suspends SDT DRBs and PDCP entities and performs SDT/RRC Resume procedure in the reselected cell. This has to be confirmed by SA3 from security perspective.
2.5	UE assistance information for SDT
Based on the WID, i.e. “Transmission of small data in UL, subsequent transmission of small data in UL and DL and the state transition decisions should be under network control”, we need to consider the subsequent transmission for small data transmission. With respect to this objective, during RAN2#111-e the following was agreed:
9	UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED is supported 
10	When UE is in RRC_INACTIVE, it should be possible to send multiple UL and DL packets as part of the same SDT mechanism and without transitioning to RRC_CONNECTED on dedicated grant.  FFS on details and whether any indication to network is needed.  
There are two main cases where subsequent transmissions are needed:
· Case 1: There are multiple data packets (including both UL message and DL message), each packet is small but they arrive at different times. These packets are to be transmitted by different transmissions.
· Case 2: One packet (DL or UL) is split into multiple transmissions due to its large size which cannot be accommodated by a single MAC PDU. 
For both options, as mentioned above, both the UE and the network need to transmit the message(s) by multiple transmissions within one SDT procedure. The information about subsequent DL and UL transmissions is usually known at the UE’s application layer. From the network perspective, it would be useful to receive such information from the UE. Based on the assistance information, the network can determine when to send the RRCRelease message to terminate the SDT procedure, e.g. the network transmits the RRCRelease message immediately if it is aware there is no subsequent transmission expected, or whether the RRCRelease message should be multiplexed with the DL user data in the subsequent DL transmission. Additionally, it may be useful to help the anchor gNB to make the decision about whether or not to relocate the UE’s context during SDT procedure, as agreed by RAN3:
	WA3: The last serving gNB, i.e., anchor gNB, will be the decision maker on whether to relocate anchor or not. Assistance information provided by the receiving gNB may help on the decision. Details of such information are pending to future discussion in RAN3 and/or RAN2 inputs.


In LTE, Release Assistance Indication (RAI) has been defined and is used to inform the network about expected transmissions. Based on the RAI, the network can determine when RRCRelease message should be sent. The AS RAI MAC CE in LTE has the following information.
	Table 6.1.3.19-1: Values for AS RAI
	Codepoint/Index
	Value

	00
	No RAI information

	01
	No subsequent DL and UL data transmission is expected

	10
	A single subsequent DL transmission is expected

	11
	Reserved





We think the benefits for LTE hold also for NR and similar mechanism can be used for NR SDT as a baseline. However, there may be some differences. In LTE EDT, only one-shot transmission is supported while multiple-shot transmissions are to be supported in NR SDT. In that case more information should be included in NR RAI, because additional use cases of subsequent transmission need to be considered, e.g., whether subsequent uplink transmission is expected, whether there is no subsequent DL and UL data transmission, whether a single subsequent DL transmission is expected, or whether multiple subsequent DL transmissions are expected etc. From the network perspective, it would be beneficial to receive such information in the first UL message of SDT. Based on the NR RAI, the network can decide when to send the RRCRelease message to terminate the SDT procedure. 
The RAI can be applicable to both case 1 and case 2 of subsequent transmission as mentioned above. For case 1, the UE is expected to be provided with information about subsequent transmissions from the application layer of the UE. For case 2, the data is already buffered in 3GPP layers, the 3GPP layers of UE can generate assistance information directly.
Proposal 8: The UE can send assistance information to the network indicating the expected subsequent UL and DL transmissions, similar to the one used for RAI in LTE. 
If Proposal 8 is agreed, there will be the following assistance information to be reported from the UE to the network, considering also previous RAN2 agreements:
· Buffer status
· PHR
· RAI-like information
If this information would be reported separately, it would introduce additional overhead related to subheader of each MAC CE. Therefore, we think it is better to introduce a new MAC CE allowing to avoid this issue. 
Proposal 9: Introduce a new MAC CE for assistance information for SDT with the following information elements:
· Buffer status
· RAI
· Power headroom
[bookmark: OLE_LINK5]In relation to SDT assistance information, it is worth considering whether there is some existing information which would be useful for SDT. In R16, UE can indicate the preferred RRC state in ReleasePreference IE which is sent by UEAssistanceInformation on SRB1. As SRB1 is already resumed when initiating the RRC resume procedure for SDT, UE can also indicate the preferred RRC state through the ReleasePreference IE, and Releasepreference indication can be useful as additional assistance information during SDT procedure, e.g. if there is no more data at the UE it can indicate its preference to go out of connected. Therefore, CU can be aware of the UE’ preferred state directly.
Proposal 10: UE can indicate the preferred RRC state by sending ReleasePreference during the SDT procedure.
2.6	RNA Update
Currently, the UE in RRC_INACTIVE state needs to initiate the RRC resume procedure for the RNAU triggered by T380 expiry or by reception of SIB1 in the cell outside UE’s current RNA. However, RNAU is actually not needed for the UEs that are performing SDT data transmission, because the network knows the location of the UE on a cell basis.
Hence, triggering of periodic RNAU procedure in the middle of SDT procedure should be avoided. The following options can be considered to achieve this:
Option 1: T380 is stopped during an SDT procedure. More specifically, after initiation of SDT procedure, UE stops T380 upon reception of the response from the network corresponding to UE’s RRCResumeRequest message. For example, UE stops T380 upon reception of Contention Resolution MAC CE for RA-SDT, or upon reception of ACK for the RRCResumeRequest sent over CG-SDT.
Option 2: Introduce a condition that RNAU can only be triggered when the SDT failure detection timer expires. RAN2#113bis e-meeting agreed that “SDT failure detection timer is started upon initiation of SDT procedure” which means that an SDT procedure is ongoing when SDT failure detection timer is running. As a result, to avoid the periodic RNAU triggered by T380 expiry, an additional condition can be added to the current procedure for triggering periodic RNAU. 
Proposal 11: To avoid the periodic RNAU execution during an SDT procedure, the following two options should be considered:
· Option 1: UE stops T380 upon receiving the response corresponding to RRCResumeRequest from the network, similar to the legacy RRC resume procedure.
· Option 2: During SDT procedure when SDT detection timer is running, T380 continues to run and when it expires, RNAU is not triggered
2.7	Paging
In the RAN2#114 meeting, RAN2 agreed the following:
	1. The UE needs to monitor paging after UE initiates SDT for system information change, PWS.  FFS for other cases



We need further discuss whether the UE needs to monitor the paging if non-SDT MT-data arrives during the SDT procedure.
For RA-SDT, if contention resolution is successful, monitoring paging occasion for paging message is not necessary as the network is aware of the UE and it can send an RRCResume message to the UE directly instead of paging the UE. If the contention resolution is not successfully completed and the DL data arrives, the network might send paging to the UE. UE may also not support monitoring the paging, but it can receive the paging after the SDT is complete. For CG-SDT, once the network has received the first UL transmission on PUSCH from UE, same as RA-SDT, the NW also can resume the connection by itself instead of paging the UE when the MT-data arrives. Therefore, we think that the UE does not need to support RAN paging of MT-data during the SDT procedure.
[bookmark: OLE_LINK30]Proposal 12: RAN paging for MT-data is not supported during an ongoing SDT procedure, the network can resume the connection by itself instead of paging the UE.
2.8	Non-SDT data arrival indication
[bookmark: OLE_LINK187][bookmark: OLE_LINK188]In the last RAN2#113bis-e meeting, RAN2 discussed methods for the UE to indicate to the network about the data arrival for non-SDT RBs during SDT procedure. RAN2 agreed to down-scope to two solutions: 
· Option 1: Another CCCH message is sent
· Option 2: A DCCH message is sent
[bookmark: OLE_LINK185][bookmark: OLE_LINK186]The topic was further discussed during the “[Post114-e][507][SData] Non-SDT data arrival handling” e-mail discussion and the main advantage of having a new DCCH message instead of reusing an existing CCCH message and procedure seems to be that by using DCCH, the potential security issue of repeating the same shortMAC-I can be avoided. However, it should be noted that whether this is a real issue is still pending SA3 reply and even if it is, there are very simple and straightforward solutions for this issue as captured in the summary of Phase of the said e-mail discussion: 
	Proposal 8. [bookmark: _Toc78492608][bookmark: _Toc78497656][bookmark: _Toc78534547][bookmark: _Ref78537271][bookmark: _Toc78538166][bookmark: _Toc78538214][To agree] [12/16] If SA3 has some security concern with Proposal 7.1 or agreement in Proposal 6 requires an update of the security key, to continue discussion on how to update the security key for the 2nd RRCResumeRequest, considering at least the following proposed options:
Proposal 8.1. [bookmark: _Toc78492609][bookmark: _Toc78497657][bookmark: _Toc78534548][bookmark: _Toc78538167][bookmark: _Toc78538215][To discuss] [5/16] [option 6.e)/6.a)] UE’s new KRRCint key i.e. the one calculated when triggering SDT (which is calculated based on the NCC provided in last RRCRelease msg). 
Proposal 8.2. [bookmark: _Toc78492610][bookmark: _Toc78497658][bookmark: _Toc78534549][bookmark: _Toc78538168][bookmark: _Toc78538216][To discuss] [10/16] [option 6.b)] Horizonal key derivation.
Proposal 8.3. [bookmark: _Toc78492611][bookmark: _Toc78497659][bookmark: _Toc78534550][bookmark: _Toc78538169][bookmark: _Toc78538217][To discuss] [3/16] [option 6.c)] New NCC that was provided by the serving gNB in the 1st DL message after UE sends the 1st UL SDT msg (i.e. upon initiating the SDT session)
Proposal 8.4. [bookmark: _Toc78492612][bookmark: _Toc78497660][bookmark: _Toc78534551][bookmark: _Toc78538170][bookmark: _Toc78538218][To discuss] [1] [option 6.x)] TS 33.501 is updated to use COUNT=2 for resumeMAC-I calculation of the 2nd RRCResumeRequest for SDT operation (instead than COUNT=1)



It should be noted that the only difference in terms of security between using CCCH and DCCH for non-SDT data indication, is that for DCCH the UE uses newly generated KRRCint key while for calculating shortMAC-I for the CCCH message, the UE uses its stored KRRCint which is still its previous/old KRRCint.
Observation 4: The main difference between using DCCH and using CCCH message for non-SDT data arrival is that for DCCH a new KRRCint is used while, according to current specifications, for shortMAC-I in CCCH, the UE would use its old KRRCint.
Other than that, as form NAS point of view, another RRC Resume procedure will be requested, NAS will for example provide a new resume cause. Hence, a new DCCH would have to carry at least resumeCause anyway and would be similar to RRC resume request message. On the other hand, the security issue for using CCCH message can be easily addressed by using a new KRRCint for generating shortMAC-I. After sending the new RRCResumeRequest message, the UE would of course need to derive new KgNB* horizontally so that another set of K_RRC and K_UP keys can be derived (i.e. the same as in the legacy RRC Resume procedure). Such approach would have much less specifications impacts than specifying a whole new message just for serving the same purpose as current RRCResumeRequest message, especially that CCCH based solution would anyways be required to cover a scenario where non-SDT data arrives before contention resolution took place during SDT RA procedure. What is also important is that CCCH-based approach can be directly applied for handling cell reselection during an ongoing SDT procedure as well as for handling SDT procedure failure. This cannot be achieved with DCCH message. Therefore, we propose:
Proposal 13: In case SA3 concludes repeating the same security material in the second RRC Resume Request message is a security issue, non-SDT indication can be performed via RRCResumeRequest message for which the shortMAC-I is calculated using a UE’s new KRRCint key (i.e. the one calculated when triggering SDT). 
If there are security concerns expressed by SA3 in reusing I-RNTI and MAC-I or the UE deriving the new MAC-I autonomously for the second RRCResumeRequest message then one possible option to address this security concern is that the network provides reserved I-RNTI and NCC to the UE in a DL RRC message that is integrity protected immediately after the contention resolution. This reserved I-RNTI and NCC can then be used by the UE if there is a need to send the second RRC RRCResumeRequest message.
[bookmark: OLE_LINK58]Proposal 14: If there are security concerns expressed by SA3 in reusing I-RNTI and MAC-I, a new downlink RRC message should be used to signal reserved I-RNTI and NCC to the UE which can be used by the UE if there is a need to send the second RRC RRCResumeRequest to the network.
2.9	SI request
RAN2 #112e agreed that “Upon initiating RESUME procedure for SDT initiation (i.e. for first SDT transmission), the UE shall re-establish at least the SDT PDCP entities and resume the SDT DRBs that are configured for small data transmission (along with the SRB1).” 
Considering the SRB1 is already resumed, it is also reasonable for UE to send the DedicatedSIBRequest through SRB1 through which the UE doesn’t need to trigger another RACH procedure dedicatedly for the SI request. 
Proposal 15: UE can perform the on-demand SI request by sending DedicatedSIBRequest during the SDT procedure.
3. [bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: _GoBack]Conclusion
We recommend RAN2 to discuss and adopt the following proposals: 
RSRP thresholds for SDT
Proposal 1: Cell level RSRP of the downlink pathloss reference is used (a) to select between SDT and non-SDT procedure and; (b) to select an UL carrier for SDT transmission. The procedure of beam consolidation for driving cell level RSRP from TS 38.304 is specified in the MAC spec for the cell level RSRP. 
Proposal 2：If both NUL and SUL carriers are configured with SDT, while the RSRP threshold for carrier selection for SDT is not configured, the UE uses the legacy RSRP threshold for SDT carrier selection. 
SDT fallback and switching
Proposal 3: Fallback can be explicitly indicated by the network: 
· For 2-step RA based SDT, UE falls back to 4-step RA-SDT procedure upon receiving fallbackRAR from the network. For 4-step RA based SDT, the fallback can be realized by the gNB providing a smaller grant in the first received RAR and optionally indicating that the UE should only include RRC message (no user data) in msg3 
· For CG-based SDT, fallback indication is included in DCI.

Proposal 4: UE falls back from 2-step RA SDT procedure to 4-step RA-SDT procedure upon reaching the maximum number of msgA transmissions.
Proposal 5: Fallback from CG-SDT to RA-SDT is not supported.
Downlink RRC message for SDT
Proposal 6: A new downlink RRC message that does not terminate the SDT procedure, should be defined. This DL RRC message can be used for sending configuration parameters for CG resources for subsequent data transmissions.
Cell Reselection Aspects
Proposal 7: To avoid data loss when cell reselection is performed by the UE during SDT procedure, the UE stays in RRC_INACTIVE after a cell reselection, suspends SDT DRBs and PDCP entities and performs SDT/RRC Resume procedure in the reselected cell. This has to be confirmed by SA3 from security perspective.
UE assistance information for SDT
Proposal 8: The UE can send assistance information to the network indicating the expected subsequent UL and DL transmissions, similar to the one used for RAI in LTE. 
Proposal 9: Introduce a new MAC CE for assistance information for SDT with the following information elements:
· Buffer status
· RAI
· Power headroom
Proposal 10: UE can indicate the preferred RRC state by sending ReleasePreference during the SDT procedure.
RNA Update
Proposal 11: To avoid the periodic RNAU execution during an SDT procedure, the following two options should be considered:
· Option 1: UE stops T380 upon receiving the response corresponding to RRCResumeRequest from the network, similar to the legacy RRC resume procedure.
· Option 2: During SDT procedure when SDT detection timer is running, T380 continues to run and when it expires, RNAU is not triggered
Paging
Proposal 12: RAN paging for MT-data is not supported during an ongoing SDT procedure, the network can resume the connection by itself instead of paging the UE.
Non-SDT data arrival indication
Proposal 13: In case SA3 concludes repeating the same security material in the second RRC Resume Request message is a security issue, non-SDT indication can be performed via RRCResumeRequest message for which the shortMAC-I is calculated using a UE’s new KRRCint key (i.e. the one calculated when triggering SDT). 
Proposal 14: If there are security concerns expressed by SA3 in reusing I-RNTI and MAC-I, a new downlink RRC message should be used to signal reserved I-RNTI and NCC to the UE which can be used by the UE if there is a need to send the second RRC RRCResumeRequest to the network.
SI request
Proposal 15: UE can perform the on-demand SI request by sending DedicatedSIBRequest during the SDT procedure.
4. References
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