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In past RAN2 meetings, the following agreements regarding UE control procedure had been achieved for small data transmission in NR [1][2]:
	Agreements: 	
1. Small data transmission is configured by the network on a per DRB basis. 
2. 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.
3. For small data, for RACH and CG based solutions when the UE receives RRC release with Suspend config, the UE at least performs the following actions (i.e. same action as in legacy): 	
· MAC is reset and default MAC cell group configuration is released. 	
· RLC entities for SRB1 are re-established. 	
· SRBs and DRBs are suspended except SRB0. 
4. For both RACH and CG based solutions, 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). FFS for non-SDT DRBs . FFS on implicit vs. explicit .  FFS on whether we a new Resume cause.  FFS on whether we need to deal with suppressing PDCP status report. 	
5. The first UL message (i.e. MSG3 for 4-step RACH, MSGA payload for 2-step RACH and the CG transmission for CG) may contain at least the following contents (depending on the size of the message): 	
· CCCH message (needs to be included) 
LCP can be used to determine to priority of the content below that may be included 	
· DRB data from one or more DRBs which are configured by the network for small data transmission 	
· MAC CEs – (e.g. BSR). FFS other MAC CEs 	
· Padding bits 
FFS if we need to ensure that SDT data only is included.  Depends on whether the UE initiates legacy/normal resume. 		
6. Define a new timer.  FFS whether it has the same definition as T319 or it is restarted every UL/DL. 


In this contribution, we would like to provide our understanding of the RRC-controlled small data transmission procedure in terms of:
· SDT configuration; 
· RRC-less solution;
· Radio bearer resumption;
· Assistance information;
· Mobility;
· Failure handling.  
Discussion
SDT Configuration
According to the WID [3], it can be concluded that small data transmission shall be performed in RRC_INACTIVE state. Then the first question that comes to us is how does the UE acquire the SDT related resource (e.g. parameter for security key updating, transmission resource in time/frequency/code domain). Generally, we think there are two feasible 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. SIB1).
To achieve the balance between efficiency and reliability, we think the UE-specific SDT configuration (e.g. NCC, resume ID) 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. 
Next, we can consider what contents should be configured via the RRC Release message and what should be put in SIB1. In NR, the following contents can be included within the SuspendConfig according to the current RRC specification:   
	TS 38.331 6.2.2 Message definitions
  SuspendConfig ::=                   SEQUENCE {
    fullI-RNTI                          I-RNTI-Value,
    shortI-RNTI                         ShortI-RNTI-Value,
    ran-PagingCycle                     PagingCycle,
    ran-NotificationAreaInfo            RAN-NotificationAreaInfo              OPTIONAL,   -- Need M
    t380                                PeriodicRNAU-TimerValue               OPTIONAL,   -- Need R
    nextHopChainingCount                NextHopChainingCount,
    ...
}


We think all the parameters can be included in the immediately preceding RRC release message before an NR SDT procedure in INACTIVE state. No specific issues are observed. Besides, based on the fact that the parameter drb-ContinueROHC can be indicated in RRC connection release to indicate whether to continue the header compression protocol context for the DRBs for both LTE UP-EDT and LTE UP-PUR, we think this configuration mechanism can also be reused for NR SDT, which helps to reduce the PDCP operation complexity during the NR SDT. Therefore, we have the following proposal,   
Proposal 1: The immediately preceding RRC Release message before an NR SDT procedure may contain the following contents within SuspendConfig:
- full I-RNTI;
- short I-RNTI;
- nextHopChainingCount;
- drb-ContinueROHC.
RRC-less solution 
[bookmark: _Toc488672150][bookmark: _Toc489020404][bookmark: _Toc490065609][bookmark: _Toc490209239][bookmark: _Toc490209288][bookmark: _Toc490211798]During the RAN2#111-e meeting, it was agreed that RRC-less SDT procedure can be studied for some specific cases, such as the UE triggers SDT procedure using CG resource in the same serving cell when the immediately preceding RRC release message is received. The biggest motivation is that much useless signalling overhead related to RRC message with UE ID, authentication token, and security update information can be saved. This is valid if a UE just needs to transmit a one-shout UL UP data of very small size. On one hand, considering the UE is able to obtain UE-specific CG resources in the RRC release message with security protection, it might be no need to authenticate the UE again. On the other hand, there is no need to explicitly identify the UE context via UE ID and frequently update the security key information when the serving cell of the UE is always the same.  
Based on the motivation descriped above, the new-concept “RRC-less” can only be applicable for CG-SDT procedure. For the RA-SDT procedure, since the SDT-specific PRACH resource are common and contention-based, the UE anyway has to send the UE IE (e.g. 40-bits I-RNTI) and authentication token (e.g. 16-bits MAC-I) in the very first UL transmission. Thus, to reduce potential spec impact and UE complexity, it is better to reuse the existing RRC resumption procedure and the RRC resume request message for UE identification and authentication. Then it is natural for the UE to monitor the corresponding RRC message to complete the RRC procedure. Considering no obvious benefit can be achieved to introduce RRC-less RA-SDT procedure. We propose that,
Proposal 2: RRC-less RA-SDT procedure is not supported for NR SDT. 
Proposal 3: RRC-less CG-SDT procedure is supported for NR SDT.
With the above-mentioned consideration, we think the new-concept terminology “RRC-less” means that the UE does not need to send and receive any RRC message during the RRC-less CG SDT procedure so that the UE power consumption and the radio resource overhead can be reduced to the minimum. Take stationary metering report as an example, it can directly transmit the metering data via the CG resource efficiently. Also, since it is stationary and the traffic pattern is quite stable, the NW is allowed to send neither RRC Release message with new NCC for subsequent mobility nor DL UP data during the subsequent transmission stage. With this, the UE does not need to receive and decode any PDSCH scheduling by a single-slot scheduling mode (e.g. the UE only receives and detects the PDCCH part), as depicted in the following figure 1, achieving a significant power saving gain. Therefore, we think the UE is not required to resume SRB1 during the RRC-less CG-SDT procedure.


Figure 1: RRC-less CG-SDT procedure
Proposal 4: The UE is allowed to not resume SRB1 in RRC-less CG-SDT procedure.
According to the SA3 input for the INACTIVE data transmission mechanism in Rel-14 [4], we can know that the network device needs to authenticate the UE in all the following cases:
· Scenario 1: same cell (as it was previously connected).
· Scenario 2: same PDCP entity (e.g. PDCP entity does not need to be relocated).
· Scenario 3: different cell and the cell is “covered” by a different PDCP entity (e.g. PDCP relocation is required).
In other words, network verification shall be done even for RRC-less CG SDT procedure. However, in the current 5G system, the integrity protection (i.e. PDCP MAC-I) for UP data is optional. To facilitate the authentication of the UE at the network side, for the case where integrity protection for SDT-DRB is not available, the UE should calculate and transmit the authentication token (e.g. resume MAC-I) along with the UP data via CG resource.    
Proposal 5: For RRC-less CG-SDT, the UE is allowed to transmit the authentication token along with the data from SDT-DRB.
Radio bearer resumption
In the past meeting, RAN2 had 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 SDT-DRB indicated by the gNB. In Rel-17, an RRC INACTIVE UE can store DC or MCG SCell configuration, thus, we are wondering whether CA or DC scenario 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 as SDT-DRB.
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, if any, for NR SDT. 
Based on the analysis above, we think the RRC shall only resume SRB1 for NR SDT during the RRC-based SDT procedure. Furthermore, the network shall guarantee that only DRB(s) belonging to PCell will be indicated for NR SDT. 
Proposal 6: SRB2 and SRB3 (if any) will not be resumed in NR SDT. 
Proposal 7: In NR-SDT, the UE is not expected to resume any DRB belonging to MCG SCell/split bearer/SCG bearer.
Moreover, in the existing RRC resumption procedure, the UE will restore the RRC configuration, RoHC state, the stored QoS flow to DRB mapping rules and the KgNB and KRRCint keys from the stored UE Inactive AS context except for masterCellGroup, mrdc-SecondaryCellGroup (if stored), and pdcp-Config, upon the transmission of RRC Resume Request message. To allow SDT transmission safely, the UE should use the PDCP configuration stored in the UE context after triggering the NR SDT procedure.  
Proposal 8: PDCP configuration can be restored in the NR SDT procedure.
Assistance information
During the NR SDT procedure, subsequent transmission can be performed after the first UL transmission with state transition controlled by the network. Generally, the UE assistance information can be used for the network’s decision on state transition. Fortunately, in Rel-16 Power Saving WI, a lot of UE assistance information have been introduced for NR. We think it is natural to check whether there is someone suitable for NR SDT. In our understanding, the Release Preference indication, which is quoted as the following, might be reused in the NR SDT procedure.
	TS 38.331 6.2.2 UEAssistanceInformation
ReleasePreference-r16 ::=           SEQUENCE {
    preferredRRC-State-r16              ENUMERATED {idle, inactive, connected, outOfConnected}
}


For example, we can introduce a similar UE assistance indication to report the preferred RRC state. If the UE can know there is a lot of coming UP data or frequent round trip data transfer (e.g, with prediction based on the statistical information), then it can indicate CONNECTED to the network. With this, the network might send the UE into RRC CONNECTED state to finish the subsequent data transmission. If there is no more UL UP data and there is no expected DL feedback, the UE can not indicate any preferred state to the networking, implicitly indicating there is no more data to transmit. 
Proposal 9: The UE can indicate the preferred RRC state in NR SDT as UE assistance information.   
Alternatively, some might think that the resume case can be used as any kind of UE assistance information in NR-SDT. Considering that RRC-less SDT solution is also supported, we think we should have a unified solution for indicating the UE preference. Thus, we propose that  
Proposal 10: No NR-SDT specific resume cause is introduced.      
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, 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 11: Consider service continuity across multiple serving cells for NR SDT.  
Failure handling 
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 the 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 the NR SDT procedure and may re-initiate the RRC connection resume procedure.   
[bookmark: _Toc4573590][bookmark: _Toc4525042]Proposal 12: Fallback mechanism from NR SDT to legacy RRC connection resume is supported.  
Conclusions
[bookmark: _Toc502437832]In this contribution, we have provided our understanding of the RRC-controlled small data transmission procedure. The following proposals are made:
SDT configuration:
[bookmark: _GoBack]Proposal 1: The immediately preceding RRC Release message before an NR SDT procedure may contain the following contents within SuspendConfig:
- full I-RNTI;
- short I-RNTI;
- nextHopChainingCount;
- drb-ContinueROHC.
RRC-less solution:
Proposal 2: RRC-less RA-SDT procedure is not supported for NR SDT. 
Proposal 3: RRC-less CG-SDT procedure is supported for NR SDT.
Proposal 4: The UE is allowed to not resume SRB1 in RRC-less CG-SDT procedure.
Proposal 5: For RRC-less CG-SDT, the UE is allowed to transmit the authentication token along with the data from SDT-DRB.
Radio bearer resumption:
Proposal 6: SRB2 and SRB3 (if any) will not be resumed in NR SDT. 
Proposal 7: In NR-SDT, the UE is not expected to resume any DRB belonging to MCG SCell/split bearer/SCG bearer.
Proposal 8: PDCP configuration can be restored in the NR SDT procedure.
Assistance information:
Proposal 9: The UE can indicate the preferred RRC state in NR SDT as UE assistance information.   
Proposal 10: No NR-SDT specific resume cause is introduced.    

Mobility:  
Proposal 11: Consider service continuity across multiple serving cells for NR SDT.  
Failure handling:
Proposal 12: Fallback mechanism from NR SDT to legacy RRC connection resume is supported.  
4. Reference
[1] RAN2#111-e Session Chair Notes (Small data transmission), E-meeting, 17th - 28th August 2020.
[2] RAN2#112-e Session Chair Notes (Small data transmission), E-meeting, 2nd - 13th Novemebr 2020.
[bookmark: _Ref534127550][bookmark: _Ref488061725][bookmark: _Ref521659446][bookmark: _Ref479756368][bookmark: _Ref481486326][bookmark: _Ref174151459][bookmark: _Ref189809556][3] 3GPP RP-200954, “New study item: NR smalldata transmissions in INACTIVE state”, ZTE Corporation, RAN#88, E-meeting, June 2020.
[4] R2-1702207, Reply LS on R2-1700656 on RRC INACTIVE, Nokia.
	
image1.emf
gNB

INACTIVE 

UE

CG periodicity 

Trigger 

RRC-less CG-SDT

...


Microsoft_Visio_Drawing.vsdx
gNB
INACTIVE UE
UP data via CG



CG periodicity
UP data via CG
UP data via CG

Trigger 
RRC-less CG-SDT
...
DFI
DFI



