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[bookmark: _Ref165266342]Introduction
[bookmark: _GoBack]In the previous RAN2#111e meeting, the following agreements had been achieved regarding small data transmission in NR [1]:
	Agreements: 	
1. Small data transmission with RRC message is supported as baseline for RA-based and CG based schemes.
2. RRC-less can be studied for limited use cases (e.g. same serving cell and/or for CG) with lower priority.
3. Context fetch and data forwarding with anchor re-location and without anchor re-location will be considered.   FFS if there are problems with the scenario “without anchor relocation”. 
4. From RAN2 perspective, stored “configuration” in the UE Context is used for the RLC bearer configuration for any SDT mechanism (RACH and CG). 
5. The 2-step RACH or 4-step RACH should be applied to RACH based uplink small data transmission in RRC_INACTIVE. 
6. The uplink small data can be sent in MSGA of 2-step RACH or msg3 of 4-step RACH. 
7. Small data transmission is configured by the network on a per DRB basis. 
8. Data volume threshold is used for the UE to decide whether to do SDT or not.   FFS how we calculate data volume. 
FFS if an “additional SDT specific” RSRP threshold is further used to determine whether the UE should do SDT 
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.


In this contribution, we would like to provide our understanding of the RRC-controlled small data transmission procedure in terms of:
· configuration of SDT 
· clarification on “RRC” and “RRC-less”
· type selection; 
· radio bearer resumption;
· contents for UL transmission;
· contents for DL transmission;
· mobility;
· fallback.  
Background
In LTE, mobile-originate early data transmission (MO-EDT) and dedicated pre-configured UL resource transmission (DPUR) are introduced, allowing an RRC_IDLE UE to transmit UP data of small size without entering RRC_CONNECTED. MO-EDT or DPUR can be initiated when the upper layers have requested the resumption of RRC connection for MO data. During the resumption of RRC connection, DRBs are resumed, and then the UL UP data are transmitted by multiplexing with RRCConnectionResumeRequest message. 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. Examples of MO-EDT and DPUR procedures with ng-eNB are depicted in Figure 1 and Figure 2, respectively.


Figure 1: MO-EDT with ng-eNB


Figure 2: DPUR transmission with ng-eNB
Discussion
Configuration of SDT
According to the WID [1] of small data transmission in RRC_INACTIVE, UL small data transmission for any kind of scheme (i.e. RACH-based, CG-based, and RRC-less) can only be performed in the RRC_INACTIVE state. Regarding how to acquire the SDT configuration (e.g. NCC, transmission resources) by the RRC_INACTIVE UE, from our understanding, there are two options: 
Option 1: The SDT configuration is sent via the RRC Release message.
Option 2: The SDT configuration is sent via the broadcast channel (e.g. SIB).
To achieve the balance between efficiency and reliability, we think the UE-specific SDT configuration (e.g. NCC, CG configuration) should be delivered by dedicated signaling with a security guarantee while the cell-specific SDT configuration (e.g. PRACH resources, RSRP threshold) can be transmitted via broadcast signaling for overhead reduction.    
Proposal 1: The UE-specific SDT configuration (e.g. NCC) can be provided via the RRCRelease message.
Proposal 2: The cell-specific SDT configuration can be provided via the SIB.
Clarification on “RRC” and “RRC-less” 
[bookmark: _Toc488672150][bookmark: _Toc489020404][bookmark: _Toc490065609][bookmark: _Toc490209239][bookmark: _Toc490209288][bookmark: _Toc490211798]Based on the description in the background section, it can be concluded that the RRC determines whether the MO-EDT or DPUR procedure can be initiated. Besides, it also controls the resumption of SRBs and DRBs, new security keys derivation, and AS security establishment.    
Observation 1: In both MO-EDT and DPUR, the RRC layer takes control of procedure initialization, SRB/DRB resumption, key derivation, and AS security establishment.
Regarding small data transmission in Rel-17 NR, we think that the “RRC-controlled” concept can be reused for all SDT type (i.e. RACH-based SDT, CG-based SDT, and RRC-less SDT). Specifically, similarly to LTE, the NR RRC determines whether the SDT can be initiated based on the configuration and the pre-defined regulations. Then, once the SDT procedure is triggered, the RRC further decides which type of SDT should be performed. Further, if RACH-based SDT or CG-based SDT (e.g. UL UP data transmission should be along with RRC message) is chosen, the NR RRC will subsequently initiate the RRC connection resume procedure, during which the UE can resume the corresponding radio bearer(s), derive the new security keys, and establish the AS security for the UL UP data transmission. Else, if RRC-less SDT is selected, the RRC is expected to resume the corresponding radio bearer(s), derive the new security keys, and establish the AS security.              
Based on the above understanding, we propose that NR RRC also take charge of SDT procedure initialization, SRB/DRB resumption, key derivation, and AS security establishment. The terminology “RRC-less” mainly means that the UL data transmission is independent of the RRC message. 
Proposal 3: Whether to SDT or not is decided at the RRC layer.
Proposal 4: In NR SDT, the RRC layer can select the type amongst RACH-based SDT, CG-based SDT, and RRC-less SDT.
Proposal 5: For RRC-less SDT, the RRC layer is responsible for SRB(s)/DRB(s) resumption, key derivation, and AS security establishment. 
Type selection
In the last RAN2 meeting, two FFS issues related to type selection are left. The first one is how to calculate the data volume when determining whether SDT should be initiated. In fact, during the standardization process of LTE UP MO-EDT, the same question is also discussed. According to the following quoted text from 36.321 spec [2], we can know that the size of the MAC header and MAC CE is taken into account when determining whether the message size has exceeded the configured threshold.   
	TS 36.321 subclause 5.1.2
-	for BL UEs or UEs in enhanced coverage or NB-IoT UEs, if EDT is initiated by the upper layers:
-	if the message size (UL data available for transmission plus MAC header and, where required, MAC control elements) is larger than the TB size signalled in edt-TBS for the selected enhanced coverage level for EDT; or
-	if the PRACH resource associated with EDT for the selected enhanced coverage level is not available:
-	indicate to upper layers that EDT is cancelled;


Considering that the objective and use case between NRSDT and MO-EDT are quite similar, thus, we think the size of the MAC subheader and the MAC CE should be considered for NR SDT.
Observation 2: In LTE MO-EDT, the size of the MAC header and MAC CE is taken into account when determining whether the message size has exceeded the configured TBS threshold.
Proposal 6: The size of the MAC subheader and MAC CE should be considered for data volume calculation in NR SDT.
The other FFS issue is that whether an SDT-specific RSRP threshold is further used to determine whether the UE should initiate SDT. In our understanding, this RSRP threshold will help to increase the ratio of successful transmission considering that the payload size for NR SDT is much larger than the Msg3/MsgA payload size for initial access. Thus, we propose:
Proposal 7: An additional SDT specific RSRP threshold is further used to determine whether the UE can initiate SDT.
In the next step, we need to consider the selection between RACH based SDT and CG based SDT when both kinds of resources are configured for a UE. Generally, RAN2 should specify a transmission type selection mechanism taking effectiveness and reliability into account. For example, since the CG resources are dedicated, we think the UE should give priority to CG based SDT or RRC-less SDT with CG configuration. Thus we have the following proposal:                 
Proposal 8: UE should give priority to CG based SDT or RRC-less CG based SDT over RACH based SDT. 
Radio bearer resumption
In the last meeting, RAN2 has agreed that small data transmission is configured by the network on a per DRB basis. With this, during the SDT, the UE will only resume the allowed DRB indicated by the gNB. In Rel-17, an RRC INACTIVE UE can store DC or MCG SCell configuration, we are wondering whether CA or DC sencario will be supported in SDT. To reduce the UE complexity, we think that the network should not indicate any DRB of MCG SCell/split bearer/SCG bearer.
Besides, regarding the SRB resumption, since the legacy RRC connection resume procedure only deals with the SRB0 and SRB1, we think there is no need to resume the SRB2 and SRB3 for NR SDT. 
Based on the analysis above, we think the RRC shall only resume SRB1 for NR SDT, and the network guarantees that only DRB(s) of PCell will be indicated for NR SDT. 
Further, similarly to MO-EDT, the header compression should be supported.      
Proposal 9: In SDT, SRB2 and SRB3 will not be resumed. 
Proposal 10: In SDT, the UE is not expected to resume any DRB of MCG SCell/split bearer/SCG bearer.
Proposal 11: Header compression can be supported in SDT. 
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 12: 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 13: 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 14: 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 SDT.
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 15: Consider service continuity across multiple serving cells for SDT.  
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 16: Fallback mechanism from small data transmission to legacy RRC connection resume should be considered.  
Conclusions
[bookmark: _Toc502437832]In this contribution, we have provided our understanding of the RRC-controlled small data transmission procedure. The following observation and proposals are made:
Observation 1: In both MO-EDT and DPUR, the RRC layer takes control of procedure initialization, SRB/DRB resumption, key derivation, and AS security establishment.
Observation 2: In LTE MO-EDT, the size of the MAC header and MAC CE is taken into account when determining whether the message size has exceeded the configured TBS threshold.
Proposal 1: The UE-specific SDT configuration (e.g. NCC) can be provided via the RRCRelease message.
Proposal 2: The cell-specific SDT configuration can be provided via the SIB.
Proposal 3: Whether to SDT or not is decided at the RRC layer.
Proposal 4: In NR SDT, the RRC layer can select the type amongst RACH-based SDT, CG-based SDT, and RRC-less SDT.
Proposal 5: For RRC-less SDT, the RRC layer is responsible for SRB(s)/DRB(s) resumption, key derivation, and AS security establishment. 
Proposal 6: The size of the MAC subheader and MAC CE should be considered for data volume calculation in NR SDT.
Proposal 7: An additional SDT specific RSRP threshold is further used to determine whether the UE can initiate SDT.
Proposal 8: UE should give priority to CG based SDT or RRC-less CG based SDT over RACH based SDT. 
Proposal 9: In SDT, SRB2 and SRB3 will not be resumed. 
Proposal 10: In SDT, the UE is not expected to resume any DRB of MCG SCell/split bearer/SCG bearer.
Proposal 11: Header compression can be supported in SDT. 
Proposal 12: 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 13: RAN2 to consider whether UE assistance information can be reported in the small data transmission procedure.
Proposal 14: 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 SDT.
Proposal 15: Consider service continuity across multiple serving cells for SDT.  
Proposal 16: Fallback mechanism from small data transmission to legacy RRC connection resume should be considered.  
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