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[bookmark: _Ref165266342]Introduction
In the previous RAN2#111e meeting [1], the following agreements had been achieved regarding small data transmission in NR:
	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 RACH based  small data transmission procedure in terms of:
· Data volume threshold;
· preamble partitioning/separate Ro configuration;
· support of SUL carrier;
· RA type selection; 
· RAR/MsgB reception;
· fallback and switching;  
Background
To further reduce resource overhead and improve latency performance, mobile-originate early data transmission (MO-EDT) via 4-step RA procedure has been specified in the Rel-15 LTE. In general, MO-EDT can be initiated when the upper layers have requested the resumption of RRC connection for MO data. The UE selects and transmits a RA preamble that is specific for MO-EDT. Then, the (ng)eNB can know that a RAR grant with large TBS should be allocated to the UE. After receiving the Msg2 with RAR grant for EDT, the UE sends an RRCConnectionResumeRequest message multiplexed with DRB data to the (ng)eNB. If enabled in the cell, the UE may also indicate assistance information (e.g. a single downlink data transmission subsequent to the uplink transmission is expected). During contention resolution, 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.


Figure 1: MO-EDT with ng-eNB
Discussion
Data volume threshold 
In the last meeting, a data volume threshold was agreed, based on which the UE can determine whether the SDT procedure can be initiated or not. In our opinion, this threshold is cell-specific so the serving cell should broadcast the maximum supported data size for SDT. 
Proposal 1: The data volume threshold for RACH based SDT procedure is broadcasted by the network.
Regarding the specific value of the data volume threshold, however, only the minimum size of Msg3 UL grant or MsgA payload is currently defined (i.e. 56bits or 72bits). Although there is no restriction on gNB to provide larger grants to the UE in the NR specifications, the allocated TBS for Msg3 PUSCH or MsgA PUSCH involves the tradeoff between transmission reliability and data transmission latency, based on the probability of Msg1 preamble collision and/or MsgA PUSCH collision. Therefore, it seems necessary to send an LS to RAN1 to ask the maximum value of the data volume threshold.
Also, considering the transmission performance is different between 4-step RACH and 2-step RACH, it could be beneficial with separately configured maximum supported data size. Based on this, we need to inform RAN1 that the maximum supported data size for 4-step RACH based SDT and 2-step RACH based SDT should be decided.
Proposal 2: The data volume threshold can be separately configured for 4-step RACH based SDT procedure and 2-step RACH based SDT procedure.  
Proposal 3: The data volume threshold for 4-step RACH based SDT procedure and 2-step RACH based SDT procedure should be decided by RAN1. Send an LS to RAN1.   
Preamble partitioning/Separate RO configuration
[bookmark: _Toc488672150][bookmark: _Toc489020404][bookmark: _Toc490065609][bookmark: _Toc490209239][bookmark: _Toc490209288][bookmark: _Toc490211798]In both LTE and NR, the contention-based preambles can be divided into two groups: group A or group B. With preamble partitioning, the UE can indicate the network of its requirements on TBS of Msg3 PUSCH. The same logic is also applied for MO-EDT in Rel-15 LTE and 2-step RACH in Rel-16 NR. 
Regrading 4-step RACH based SDT, we think it is natural that Msg1 should need to provide UE’s intention on SDT, based on which the network can efficiently allocate the Msg3 PUSCH with a TBS much larger than 56/72 bits. For 2-step RACH based SDT, given that MsgA preamble group is used to associated with the PUSCH configuration of different TBS, we think it is also natural to apply preamble partitioning, which helps to avoid blind decoding of MsgA PUSCHs to check which MsgA PUSCH configuration is selected by the UE. 
Proposal 4: Preamble partitioning is used for both 4-step RACH based SDT procedure and 2-step RACH based SDT procedure. 
Next, we have to think about how many preamble groups (i.e. different ranges of supported data size) for the RACH based SDT procedure should be supported. Frankly, it is difficult to realize a precise match between the TBS of Msg3 PUSCH/MsgA PUSCH and the size of UL data to transit because there are various applications and different applications may transmit data packets of different sizes. For simplicity, we think the legacy preamble group based method (i.e. group A and group B) can be resued.
An example of Preamble partitioning for NR SDT is shown in the following figure.


Figure 2: Preamble partitioning for NR small data transmission
Proposal 5: Reuse the preamble group (i.e. group A/B) based method for both 4-step RACH based SDT procedure and 2-step RACH based SDT procedure.
Alternatively, we think a separate RO configuration is another kind of preamble partitioning. But note that the network should guarantee that the ROs for legacy UEs are not overlapping in the time domain to avoid RA-RNTI/MsgB-RNTI ambiguity issues. Otherwise, the legacy UE may receive an Msg2 RAR for SDT UE, which indicating a RAR UL grant with huge TBS, leading to unnecessary power consumption. 
Proposal 6: SDT-specific RO can be configured for RACH based SDT 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 RACH based SDT procedure.
Proposal 8: The UE selects the uplink carrier after the selection of SDT type during SDT procedure.
RA type selection 
To simultaneously provide communication services to different UEs with different radio capabilities, the serving cell supporting NR SDT would configure 4-step RACH based SDT resources and 2-step RACH based SDT resources at the same time. In this case, which RA type (i.e. 2-step RACH or 2-step RACH) should be used by the UE that is capable of both 4-step RACH based SDT and 2-step RACH based SDT needs to be considered. In Rel-16 NR, radio quality (i.e. RSRP) is used for RA type selection. As a baseline, the radio quality based RA type selection method can be reused. Moreover, effectiveness and load should be also taken into account. For example, the NW can indicate a data volume threshold for 2-step RACH based SDT, an RSRP threshold. At the UE side, only if the potential MAC PDU size is below the data volume threshold and the RSRP of DL pathloss reference is above the configured RSRP threshold, the UE will select 2-step RACH based SDT procedure.               
Proposal 9: Specify RA type selection mechanism for RACH based SDT procedure, taking data volume threshold and radio quality into account. 
RAR/MsgB reception
As the MAC PDU format of 2-step RACH is different than that of 4-step RACH, msgb-RNTI is introduced to avoid legacy UE receiving MsgB in Rel-16 NR. Regarding the SDT procedure, we don’t find out any specific issue if the current MAC PDU format of RAR/MsgB is reused. Specifically, for 4-step RACH and 4-step RACH based SDT, the legacy R15 would not process the MAC RAR associated with an E/T/RAPID subheader in which the RAPID is corresponding to a preamble specific for SDT. In other words, the legacy R15 UEs will not be impacted by the new feature. For 2-step RACH and 2-step RACH based SDT, since at most two MAC subPDUs for MAC SDU of a given UE can be put into one MAC PDU, it is practical to multiplex the SuccessRAR, RRC message, and DRB data into the same MAC PDU for the UE performing small data transmission. Besides, considering that multiple MAC subPDUs for MAC SDU of multiple UEs cannot be multiplexed in the same MsgB, the potential impacts to Rel-16 2-step RACH UE is limited in terms of decoding complexity. Thus we propose:
Proposal 10: The MAC PDU formats of both RAR and MsgB are resued for RACH based SDT procedure. 
Another question related to RAR/MsgB reception is that whether and how to avoid data loss if an uplink grant provided in the RAR/FallbackRAR for the same group of contention-based Random Access Preambles has a different size than the first uplink grant. In MO-EDT, the UE is allowed to update the MAC PDU in the Msg3 buffer if the size of UL grant provided in Msg2 is not matched. In NR, the corresponding UE behavior is not defined. Given that the SDT can be applied for sensor networks and meter network, RAN2 should consider the data loss issue within the SDT procedure. 
Proposal 11: RAN2 to consider how to avoid data loss if an uplink grant provided within the RACH based SDT procedure has a different size than the first indicated uplink grant.
Fallback and switching 
For NR SDT, considering that far more resource blocks need to be allocated to the MsgA PUSCH for UL UP data transmission, the transmission becomes less reliable, compared to the legacy MsgA PUSCH transmission. As a result, the gNB may not successfully decode the MsgA PUSCH with UL UP data due to the time-varying characteristics of the wireless channel and the lack of valid time alignment.  
To improve transmission robustness, the legacy fallback and switching mechanism for 2-step RACH should be reused for 2-step RACH based SDT. For example, the network can control the number of times 'N'. If the 2-setp RACH based SDT procedure is not successfully completed even after 'N' times of MsgA transmission, the UE will fallback to use 4-step RACH based SDT resources, if configured, and continue the small data transmission procedure.    
Proposal 12: The Rel-16 fallback and switching mechanism for 2-step RACH are reused for 2-step RACH based SDT procedure.  
Conclusions
[bookmark: _Toc502437832]In this contribution, we have provided our understanding of supporting small data transmission via RA procedure. The following proposals are made:
[bookmark: _GoBack]Proposal 1: The data volume threshold for RACH based SDT procedure is broadcasted by the network.
Proposal 2: The data volume threshold can be separately configured for 4-step RACH based SDT procedure and 2-step RACH based SDT procedure.  
Proposal 3: The data volume threshold for 4-step RACH based SDT procedure and 2-step RACH based SDT procedure should be decided by RAN1. Send an LS to RAN1.   
Proposal 4: Preamble partitioning is used for both 4-step RACH based SDT procedure and 2-step RACH based SDT procedure. 
Proposal 5: Reuse the preamble group (i.e. group A/B) based method for both 4-step RACH based SDT procedure and 2-step RACH based SDT procedure.
Proposal 6: SDT-specific RO can be configured for RACH based SDT procedure.
Proposal 7: SUL carrier can be supported for RACH based SDT procedure.
Proposal 8: The UE selects the uplink carrier after the selection of SDT type during SDT procedure.
Proposal 9: Specify RA type selection mechanism for RACH based SDT procedure, taking data volume threshold and radio quality into account. 
Proposal 10: The MAC PDU formats of both RAR and MsgB are resued for RACH based SDT procedure. 
Proposal 11: RAN2 to consider how to avoid data loss if an uplink grant provided within the RACH based SDT procedure has a different size than the first indicated uplink grant.
Proposal 12: The Rel-16 fallback and switching mechanism for 2-step RACH are reused for 2-step RACH based SDT procedure.
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