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[bookmark: _Ref165266342]Introduction
[bookmark: OLE_LINK1]In RAN#88 Plenary, the new WID on NR small data transmissions in INACTIVE state had been revised and approved. The working objectives regarding CG based small data transmission procedure in [1] are listed below.
	This work item enables small data transmission in RRC_INACTIVE state as follows: 
· For the RRC_INACTIVE state:
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 understanding of the CG based small data transmission procedure in terms of:
· CG configuration; 
· UL skipping; 
· support of SUL carrier
· resource selection;
· response reception;
· fallback.  
Background
In LTE, 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. 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. An example of DPUR procedures with ng-eNB is depicted in Figure 1.



Figure 1: DPUR transmission with ng-eNB
Discussion
CG configuration 
Comparing between the RACH based SDT and CG based SDT, in our understanding, the preamble transmission is skipped to improve power efficiency, and contention among UEs can be avoided to increase the success ratio. Additionally, since the PUSCH resource is provided by configured grant configuration, thus it should be assumed that the gNB is able to know well about the traffic pattern. Otherwise, the resource may be wasted. Based on this, we think the CG based SDT is mainly supposed to use for some low-end RedCap UE performing meters reporting. 
According to the current 38.306 spec [2], the UE capability of multiple configured grants is optional, and at most one CG configuration can be used per BWP.        
	multipleConfiguredGrants
Indicates whether UE supports more than one configured grant configurations (including both Type 1 and Type 2) in a cell group. For each cell, the UE supports at most one configured grant per BWP and the maximum number of configured grant configurations per cell group is 2. If absent, for each configured cell group, the UE only supports one configured grant configuration on one serving cell.
	UE
	No
	Yes
	No


Therefore, we propose at most 1 CG configuration can be configured for the CG based SDT for UE simplicity.
Proposal 1: At most 1 CG configuration can be configured for CG based SDT.
Besides, according to the WID of small data transmission in RRC_INACTIVE, UL small data transmission can only be performed in the RRC_INACTIVE state. Regarding how to acquire the CG configuration by the RRC_INACTIVE UE, generally, there are two options: 
Option 1: The CG configuration is sent via the RRC Release message.
Option 2: The CG configuration is sent via the broadcast channel (e.g. SIB).
As per the WID, we understand that the CG used for SDT is exactly the same as type-1 CG. So we think it is delivered via the dedicated RRC signaling.         
Proposal 2: The CG configuration can be provided via the RRCRelease message.
UL skipping
[bookmark: _Toc488672150][bookmark: _Toc489020404][bookmark: _Toc490065609][bookmark: _Toc490209239][bookmark: _Toc490209288][bookmark: _Toc490211798]Given that the realistic traffic pattern is difficult to precisely predict, thus, it is possible that the UE does not have any available UL UP date at the transmission occasion of CG PUSCH. In legacy, the UL skipping will be performed (i.e. no MAC PDU is generated) to aviod unnecessary power consumption. Considering that the UL skipping feature is conditionally mandatory for type 1 and type 2 CG, so we propose the UL skipping feature for configured grant is also applicable to CG based SDT.
Proposal 3: The UL skipping feature for configured grant is supported for CG based SDT.
At the network side, since the NW cannot know whether the UE will skip the CG PUSCH, it has to keep trying decoding the PUSCH. To reduce resource waste, an autonomous CG release mechanism should be considered. For example, after N times of UL skipping, the UE will give up the CG based SDT procedure. At the NW sides, it can also assume that the CG resource has been release if it can not successfully decoding a PUSCH for N times.    
Proposal 4: The UE can autonomously release the CG configuration and abort the CG based SDT procedure after N times of UL skipping. 
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 CG based SDT, the coverage issue will have become more unpleasant considering that the payload size of CG PUSCH might be much larger than 56bit. Without a doubt, it is beneficial to support SUL for CG-based SDT.    
Proposal 5: SUL carrier can be supported for CG based SDT procedure.
Resource selection
Since the NR is a beam-based system, during the RACH procedure, the MAC entity will firstly select an SSB/CSI-RS, secondly select an associated preamble, and thirdly determine the next available associated PRACH occasion. By detecting the preamble on the associated PRACH occasion, the gNB can know which DL beam should be used for msg2/MsgA transmission. Regarding the CG based SDT, it seems a bit complicated since beam measurement and reporting might be not supported. If the CG PUSCH is not associated with an SSB/CSI-RS, it seems there is no way for the gNB to determine the UL Rx beam and/or DL Tx beam. Considering the association between SSB and preamble/RO is determined by the RAN1, thus, it is necessary to send an LS to RAN1 for help. 
Proposal 6: Send an LS to RAN1 asking whether and how to select an SSB/CSI-RS.
Response reception
Assuming that the resource selection issue has been solved, then the UE can transmit the CG PUSCH. Similarly to the RACH procedure, we think a response window should be started, during which the UE monitors the PDCCH for a response.     
Proposal 7: UE starts a window for PDCCH monitoring after the CG PUSCH transmission in SDT.
If the response window expires, the UE should perform retransmission in the next available transmission occasion of CG PUSCH. Further, a power ramping operation should be considered to improve the robustness. Otherwise, the UE may be stuck in the poor radio quality environment.     
Proposal 8: Power ramping is supported for CG based SDT.
Furthermore, for RRC-less CG based SDT procedure, it is possible that there is no available DL data at the gNb side and the RRC message cannot be transmitted in this case. A DL positive acknowledgment is needed as a response to the UE, so that the misleading timer expiry can be avoided. 
Proposal 9: A DL positive acknowledgment should be supported for CG based SDT.
Fallback 
To improve transmission efficiency, a fallback mechanism should be considered. For example, the network can control the number of times 'N'. If the CG based SDT procedure is not successfully completed even after 'N' times of PUSCH transmission, 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 may explicitly indicate a fallback indication considering the netwrok congestion or channel condition. Upon receiving the fallback indication, the UE will abort CG based SDT procedure and may re-initiate the RRC connection resume procedure.   
[bookmark: _Toc4573590][bookmark: _Toc4525042]Proposal 10: Fallback mechanism from CG based SDT to legacy RRC connection resume should be considered.  
Conclusions
[bookmark: _Toc502437832]In this contribution, we have provided our understanding of the CG based small data transmission procedure. The following proposals are made:
Proposal 1: At most 1 CG configuration can be configured for CG based SDT.
Proposal 2: The CG configuration can be provided via the RRCRelease message.
Proposal 3: The UL skipping feature for configured grant is supported for CG based SDT.
Proposal 4: The UE can autonomously release the CG configuration and abort the CG based SDT procedure after N times of UL skipping. 
Proposal 5: SUL carrier can be supported for CG based SDT procedure.
Proposal 6: Send an LS to RAN1 asking whether and how to select an SSB/CSI-RS.
Proposal 7: UE starts a window for PDCCH monitoring after the CG PUSCH transmission in SDT.
Proposal 8: Power ramping is supported for CG based SDT.
Proposal 9: A DL positive acknowledgment should be supported for CG based SDT.
Proposal 10: Fallback mechanism from CG based SDT to legacy RRC connection resume should be considered.  
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