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[bookmark: OLE_LINK1]In RAN#88 Plenary, the new WID on NR small data transmissions in INACTIVE state had been revised and approved. The main working objectives for RAN2 in [1] are listed below.
	This work item enables small data transmission in RRC_INACTIVE state as follows: 
· For the RRC_INACTIVE state:
· UL small data transmissions for RACH-based schemes (i.e. 2-step and 4-step RACH):
· [bookmark: _Hlk26863976]General procedure to enable UP data transmission for small data packets from INACTIVE state (e.g. using MSGA or MSG3) [RAN2]
· Enable flexible payload sizes larger than the Rel-16 CCCH message size that is possible currently for INACTIVE state for MSGA and MSG3 to support UP data transmission in UL (actual payload size can be up to network configuration) [RAN2] 
· Context fetch and data forwarding (with and without anchor relocation) in INACTIVE state for RACH-based solutions [RAN2, RAN3]
Note 1: The security aspects of the above solutions should be checked with SA3
· Transmission of UL data on pre-configured PUSCH resources (i.e. reusing the configured grant type 1) – when TA is valid
· General procedure for small data transmission over configured grant type 1 resources from INACTIVE state [RAN2]
· Configuration of the configured grant type1 resources for small data transmission in UL for INACTIVE state [RAN2]
No new RRC state should be introduced in this WID. Transmission of smalldata in UL, subsequent transmission of smalldata in UL and DL and the state transition decisions should be under network control.


In this contribution, we would like to provide our general considerations on the small data transmission procedure in terms of:
· RRC connection resumption;
· selection of transmission type; 
· radio bearer resumption;
· support of SUL carrier; 
· contents for UL transmission;
· contents for DL transmission;
· mobility;
· fallback.  
Background
To further reduce resource overhead and improve latency performance, mobile-originate early data transmission (MO-EDT) and dedicated pre-configured UL resource transmission (DPUR) have been specified in the Rel-15 LTE and Rel-16 LTE, respectively. With these enhancements, an LTE UE in RRC IDLE can transmit UP data of small size before entering RRC CONNECTED. 
In general, MO-EDT or DPUR can be initiated when the upper layers have requested the resumption of RRC connection for MO data. Within the resumption of RRC connection, DRBs can be resumed, and then the UL UP data multiplexed with RRCConnectionResumeRequest message can be transmitted via the same MAC PDU (i.e. Msg3 for MO-EDT and pre-configured PUSCH for DPUR). After that, if the (ng)eNB decides to move the UE into RRC CONNECTED, it will send RRCConnectionResume message to the UE. Alternatively, the (ng)eNB can send the DL UP data multiplexed with the RRCConnectionRelease message. 
In the following, an example of the current procedure of MO-EDT with (ng)eNB is depicted in Figure 1 and an example of the current procedure of DPUR with (ng)eNB is shown in Figure 2.


Figure 1: MO-EDT with ng-eNB


Figure 2: DPUR transmission with ng-eNB
Discussion
RRC connection resume procedure
[bookmark: _Toc488672150][bookmark: _Toc489020404][bookmark: _Toc490065609][bookmark: _Toc490209239][bookmark: _Toc490209288][bookmark: _Toc490211798]Based on the description in the background section, it can be known that the RRC connection establishment procedure is requested to perform MO-EDT or DPUR. On one hand, during the RRC connection establishment procedure for MO-EDT or DPUR, the UE can resume the SRBs and DRBs, derive new security keys using the provided NCC, and re-establishes the AS security. As a result, the UL UP data are ciphered. On the other hand, the short resume MAC-I can be reused as the authentication token and the resume ID is needed to identify the UE context for UE mobility across different RAN nodes.    
Observation: Neither MO-EDT nor DPUR can be performed without the RRC connection establishment procedure.
Regarding small data transmission in Rel-17 NR, one might consider whether small data transmission can be performed without requesting the RRC connection resume procedure. From the UE perspective, it has to at least resume the DRB(s) and re-activate AS security for UL UP data transmission. In our understanding, we should reuse the RRC connection resume procedure to implement these works for simplicity. From the gNB perspective, the resume ID might be not necessary as long as the RRC connection is resumed in the gNB where the connection was suspended. Anyway. it needs the resume MAC-I to authenticate whether the UE is legal and may hope the UE perform the unified access control procedure before small data transmission. 
Based on the above analysis, we think we cannot figure out a simpler and practical solution to support small data transmission in Rel-17 NR without legacy RRC connection resume procedure. Thus, we propose:   
Proposal 1: Only support small data transmission within the RRC connection resume procedure.
Next, we need to think about what RRC state is the UE considered to be in after the first transmission of small data. According to the WID, state transition decisions should be under network control. We think there would have the case that the total UL data to be transmitted cannot be fitted in one Msg3/MsgA/CG PUSCH. In this case, it should be allowed that the UE is not moved to RRC CONNECTED to transmit the pending data. In our understanding, the network can firstly respond to the UE with a contention resolution ID. Then,  the UE can apply the C-RNTI in RRC IDLE and monitor the PDCCH addressed to C-RNTI in the random access search space for new transmission and retransmission. Such an option can also be considered to avoid RRC connection resumption in the case that DL data (e.g. ACK from TCP/IP) arrives within a short time after Msg4/MsgB reception. At last, the network can complete the small data transmission (SDT) procedure by sending the RRC Release message. 
[bookmark: _Toc494188987][bookmark: _Toc494189019][bookmark: _Toc494189089][bookmark: _Toc494189109][bookmark: _Toc494197843][bookmark: _Toc494197865][bookmark: _Toc494285354][bookmark: _Toc494354832][bookmark: _Toc494356529][bookmark: _Toc494372012][bookmark: _Toc494373116]Proposal 2: During the small data transmission procedure, the UE does not transit to RRC CONNECTED unless the gNB triggers the UE to resume RRC connection.
Selection of transmission type
To simultaneously provide communication services to different versions of UEs under the coverage, the serving cell supporting Rel-17 SDT would configure legacy RA resources (e.g. 4-step and 2-step RA resources) and SDT resources (e.g. RACH-based SDT resources and CG-based SDT resources) at the same time. In this case, which type of resource should be used by the UE needs to be considered. Basically, RAN2 should specify a transmission type selection mechanism taking effectiveness, reliability, and load into account. For example, the network can configure a TBS threshold, an RSRP threshold, and a load threshold. At the UE side, only if the potential MAC PDU size is below the configured TBS threshold, the RSRP of DL pathloss reference is above the configured RSRP threshold, and the generated random number is smaller than the configured load threshold, the UE will use SDT resources within the RRC connection resume procedure.
The next question is when to implement type selection. Given that the RRC layer has to resume the DRB and indicate the lower layers to re-establish PDCP entities for DRB in prior to data transmission if SDT type is selected, we prefer to model that the type selection for NR SDT is implemented by RRC layer and before the transmission of RRCConnectionResume message.                     
Proposal 3: Consider the selection of transmission type between small data transmission and legacy RRC connection resume at the RRC layer, taking allowed TBS, pathloss, and load into account. 
Radio bearer resumption
Regarding MO-EDT and DPUR, the UE resumes all SRBs and DRBs before transmitting the RRCConnectionResumeRequest message and UL UP data. For RRC INACTIVE UE, considering that the may in NE-DC or NR-DC, the LTE solution is not suitable for NR SDT any more. Specifically, since the legacy RRC connection resume procedure only deals with the SRB0 and SRB1, there is no need to resume the SRB2 and SRB3 for NR SDT. Similarly, the UE should not resume any the DRB of the split bearer or SCG bearer. Besdies, the RRC INACTIVE UE may also maintain the MCG SCell configurations. To reduce the UE complexity, we think that the UE should not resume any DRB of MCG SCell. 
Based on the analysis above, we think the RRC shall only resume SRB1 and DRB(s) of PCell for NR SDT.  Naturally, the RRC layer then shall re-establish PDCP entities for SRB1 and DRB(s) of PCell. Further, if drb-ContinueROHC has been provided and the RRC connection is resumed on the same cell where the connection was suspended, the UE will continue the header compression protocol context for the DRB(s) configured with the header compression protocol.      
Proposal 4: For small data transmission, only resume SRB1 and DRB(s) of PCell before the transmission of RRCResumeRequest message. 
Proposal 5: For small data transmission, only re-establish PDCP entities for resume SRB1 and DRB(s) of PCell before the transmission of RRCResumeRequest message.
Proposal 6: If drb-ContinueROHC has been provided and the RRC connection is resumed on the same cell where the connection was suspended, continue the header compression protocol context for the DRB(s) of PCell configured with the header compression protocol in the small data transmission procedure.
Support of SUL carrier
In NR, to provide better coverage performance, the SUL carrier can be configured for both 4-step RACH and 2-step RACH. For NR SDT, the coverage issue will have become more unpleasant considering that the payload size of Msg3/MsgA/CG PUSCH might be much larger than 56bit. Without a doubt, it is beneficial to support SUL for both RACH-based SDT and CG-based SDT. If the SUL carrier is supported, then the selection between SUL and NUL can be done by the MAC entity, as in NR.    
Proposal 7: SUL carrier can be supported for both RACH-based and CG-based small data transmission.
Proposal 8: The UE selects the uplink carrier after the selection of transmission type in the small data transmission procedure.
Contents for UL transmission
Currently, there is no restriction from the MAC specification point of view that restricts using an uplink grant received from the MAC RAR, or a UL grant for MsgA PUSCH transmission, or a CG provided by RRC. Thus we would like to discuss what can be included in the Msg3/MsgA/CG PUSCH during the SDT procedure. Firstly, we think the MAC entity multiplexes both the legacy RRCResuemRequest message transmitted on CCCH and UL UP data transmitted on DTCH within the same MAC PDU. Secondly, the BSR MAC CE can be included, if necessary. Last, we can further consider whether UE assistance information (e.g. subsequent DL data transmission is expected) can be reported.
Proposal 9: The RRCResuemRequest message, UL UP data transmitted on DTCH, and BSR MAC CE  can be multiplexed into the same MAC PDU for UL transmission during small data transmission.
Proposal 10: RAN2 to consider whether UE assistance information can be reported in the small data transmission procedure.
Contents for DL transmission
In legacy 4-step or 2-step RACH procedure, Msg4/MsgB is used for contention resolution, i.e., UE contention Resolution Identity MAC CE is included in Msg4/MsgB. Besides, Msg4/MsgB may also contain RRC messages. For the CG-based SDT procedure, although contention resolution is not needed anymore, a DL transmission is needed to serve as a response to the RRCResuemRequest message. Also, if there is any available DL UP data, they should be MAC-multiplexed with RRC message and Contention Resolution ID.
Proposal 11: The RRC message, DL UP data transmitted on DTCH, and Contention Resolution ID/SuccessRAR can be multiplexed into the same MAC PDU for DL transmission during small data transmission procedure.
Mobility 
For MO-EDT, during the RRC connection resumption procedure, it is up to UE implementation whether to continue cell re-selection related measurements as well as cell re-selection evaluation and, if the conditions for cell re-selection are fulfilled, whether to perform cell re-selection. That is to say that if the UE decides to perform cell-reselection, it has to abort the MO-EDT (i.e. the UE deletes the security key, re-establishes RLC entities, suspends all RBs except SRB0). 
For DPUR, the DPUR resource is only valid within the serving cell which configures the PUR resources. If the UE re-establishes/handovers/re-selects to another serving cell, the configured PUR resource cannot be used anymore and the UE will release the PUR resources. 
In legacy NR, if cell reselection occurs during the RRC connection resume procedure, the UE will go to RRC IDLE. The main consideration behind is that vertical key derivation cannot be performed and the security key may have been exposed amongst more than one RAN nodes.
Based on the above description, it is known that data transmission interruption is not handled in both MO-EDT and DPUR. What’s worse, there is no available NR enhancement to handle this case. In order to guarantee a better data-loss transmission, service continuity across multiple serving cells should be taken into account for NR SDT.
Proposal 12: Consider service continuity across multiple serving cells for small data transmission.  
Fallback 
For NR SDT, considering that far more resource blocks need to be allocated to the Msg3/MsgA/CG PUSCH for UL UP data transmission, the transmission becomes less reliable, compared to the legacy Msg3/MsgA/CG PUSCH transmission. As a result, the gNB may not successfully decode the PUSCH with UL UP data due to the time-varying and fading characteristics of the wireless channel even during the PUSCH retransmission. Also, considering that the radio resources of initial BWP are a bit strained, it is very likely that gNB cannot reserve sufficient radio resources for the NR SDT UE.    
To improve transmission efficiency, a fallback mechanism should be considered. For example, the network can control the number of times 'N'. If the RACH-based SDT procedure is not successfully completed even after 'N' times of RACH attempt, the UE will fallback to use legacy RA resources (e.g. 4-step RA resources or 2-step RA resources) and re-initiate the RRC connection resume procedure. For another example, the network can explicitly indicate a fallback indication via Msg2/MsgB. Upon receiving the fallback indication, the UE will abort NR SDT procedure and may re-initiate the RRC connection resume procedure.   
[bookmark: _Toc4573590][bookmark: _Toc4525042]Proposal 13: Fallback mechanism from small data transmission to legacy RRC connection resume should be considered.  
Conclusions
[bookmark: _Toc502437832]In this contribution, we have provided our general considerations on the small data transmission procedure. The following observation and proposals are made:
Observation: Neither MO-EDT nor DPUR can be performed without the RRC connection establishment procedure.
Proposal 1: Only support small data transmission within the RRC connection resume procedure.
Proposal 2: During the small data transmission procedure, the UE does not transit to RRC CONNECTED unless the gNB triggers the UE to resume RRC connection.
Proposal 3: Consider the selection of transmission type between small data transmission and legacy RRC connection resume at the RRC layer, taking allowed TBS, pathloss, and load into account. 
Proposal 4: For small data transmission, only resume SRB1 and DRB(s) of PCell before the transmission of RRCResumeRequest message. 
Proposal 5: For small data transmission, only re-establish PDCP entities for resume SRB1 and DRB(s) of PCell before the transmission of RRCResumeRequest message.
Proposal 6: If drb-ContinueROHC has been provided and the RRC connection is resumed on the same cell where the connection was suspended, continue the header compression protocol context for the DRB(s) of PCell configured with the header compression protocol in the small data transmission procedure.
Proposal 7: SUL carrier can be supported for both RACH-based and CG-based small data transmission.
Proposal 8: The UE selects the uplink carrier after the selection of transmission type in the small data transmission procedure.
Proposal 9: The RRCResuemRequest message, UL UP data transmitted on DTCH, and BSR MAC CE  can be multiplexed into the same MAC PDU for UL transmission during small data transmission.
Proposal 10: RAN2 to consider whether UE assistance information can be reported in the small data transmission procedure.
Proposal 11: The RRC message, DL UP data transmitted on DTCH, and Contention Resolution ID/SuccessRAR can be multiplexed into the same MAC PDU for DL transmission during small data transmission procedure.
Proposal 12: Consider service continuity across multiple serving cells for small data transmission.  
Proposal 13: Fallback mechanism from small data transmission to legacy RRC connection resume should be considered.  
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