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1. Introduction
Small Data Transmission in RRC INACTIVE topic was discussed during RAN2#111-e and RAN2#112-e meetings where numerous agreements were made.
[bookmark: OLE_LINK70]In this paper, we further discuss the common aspects for small data transmission (SDT) between random access based schemes and CG based scheme.
2. Common aspects
2.1 SDT triggering
Provided that SDT resources are configured and available upon uplink data arrival at the UE side, one general issue is that the UE has to decide whether to initiate SDT transmission procedure or the legacy RRC Connection Resume procedure (non-SDT transmission), i.e., transit to RRC_CONNECTED state before performing data transmission. RAN2 agreed the SDT is configured per DRB. We think there are two possible cases for data arrival that should be considered for deciding whether to initiate SDT procedure or legacy resume procedure. 
· Case1: only SDT data arrives;
· Case2: both SDT data and non-SDT data are arrived simultaneously. 
For the first case, we have already agreed that the UE shall determine whether to initiate SDT procedure based on the data volume threshold. For the second case, we think that the UE shall initiate the legacy RRC resume procedure to request the network to resume the RRC connection. Afterwards, the network sends the RRCResume message to move the UE to RRC_CONNECTED state where the UE transmits both SDT and non-SDT data.
Proposal 1: If uplink data arrives at the UE for DRBs not configured for SDT, the UE shall initiate the legacy RRC resume procedure (i.e. the UE does not trigger SDT transmission even if SDT data is also available).
2.2 Fallback to non-SDT transmission
When SDT is triggered based on the rules mentioned above, a PDU including both uplink RRC message and user data will be constructed and transmitted by a UE. However, there may be cases when the network cannot decode such a big PDU successfully due to bad wireless environment conditions. The network should be able to send an indication to fallback to non-SDT transmission if it finds SDT is not suitable for the UE, similarly to the fallback in PUR and EDT in LTE. After receiving fallback indication from the network, the UE should perform traditional RRC Connection Resume procedure. The fallback indication may be different for RA-based scheme and CG-based scheme:
· For 2-step RA based SDT, the fallback can be realized with fallbackRAR indicating the UE to switch to non-SDT 4-step RA
· For 4-step RA based SDT, the fallback can be realized by gNB providing a smaller grant in RAR and optionally indicating that the UE should only include RRC message (no user data) in msg3
· For CG-based SDT, we propose to include the indication in DCI.
Proposal 2: Fallback to non-SDT RRC Connection Resume procedure can be explicitly indicated by network. 
· For 2-step RA based SDT, the fallback is indicated by fallbackRAR. UE falls back to non-SDT 4-step RA
· For 4-step RA based SDT, the fallback can be realized by gNB providing a smaller grant in RAR and optionally indicating that the UE should only include RRC message (no user data) in msg3 
· For CG-based SDT, fallback indication is included in DCI.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Except for the explicit indication in the network, another possibility is to allow the UE to fall back to non-SDT transmission when a configured number of SDT attempts fail, e.g. due to not having enough power to transmit the PDU carrying user data and CCCH SDU. After the UE is switched to RRC_CONNECTED during non-SDT procedure, the UE should retransmit the user data to avoid data loss.
Proposal 3: When UE fails to transmit data using SDT mechanism a configured number of times, the UE falls back to the legacy RRC Connection Resume procedure. 
Proposal 4: After the UE is switched to RRC_CONNECTED during non-SDT procedure, the UE should retransmit the user data it attempted to transmit via SDT to avoid data loss. 

2.3 SDT type selection 
After SDT is triggered, the question comes which SDT scheme is used, i.e. CG-based scheme or RA based scheme, in case both are configured at the UE. RA-based schemes can be used regardless of whether TA is valid while CG based scheme can only be used in case UE has a valid TA. CG based scheme is advantageous over RA based scheme as it has more potential to save UE power by avoiding additional steps of RA procedure and provides better efficiency thanks to a possibility to tailor PUSCH resource to a UE-specific traffic requirement. Hence the UE should prioritize CG based scheme over RA based scheme in case both are configured and the UE has a valid CG resource (e.g. with a valid TA etc.). 
Proposal 5: The UE should select CG based scheme in case both CG-based and RA-based scheme are configured and the UE has a valid CG resource (e.g. with an up to date TA). 
Proposal 6: If the UE does not have a valid CG resource for SDT, the UE may perform RA-SDT.
There is also a question of whether the UE may switch between SDT types, after initial SDT scheme type selection. In case RA-SDT was selected for the initial transmission due to TA invalidity, TA becomes valid after MSG2/MSGB reception. In this case we think the UE can use the CG resource again for the subsequent transmission.
Proposal 7: If the UE is configured with both CG-SDT and RA-SDT, but the UE chooses RA-SDT due to TA invalidity, CG resource configured for CG-SDT can be used for subsequent data transmissions after the UE receives a TA command.
2.4 RRC based SDT vs RRC-less SDT
RAN2 agreed the following during RAN2#111-e meeting:
	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


In section 2.4.1 we discuss aspects specific to RRC-based SDT approach while in section 2.4.2, we elaborate on RRC less approach.
2.4.1 RRC-based SDT
In previous meeting, we agreed the RRC-based SDT is used as a baseline. In this section, we are going to discuss the uplink RRC message and downlink RRC message for SDT.
2.4.1.1 Uplink RRC message for SDT
When making an SDT access attempt UE will include RRC message in the initial PUSCH transmission. The main purpose of the RRC message is to allow the network to identify and authenticate the UE in RRC_INACTIVE state. This is achieved by including I-RNTI and resumeMAC-I in the RRCResumeRequest or RRCResumeRequest1 message. These two fields are also required in the initial RRC message sent by the UE for SDT.
Observation 1: I-RNTI and resumeMAC-I have to be included in the initial RRC message sent by the UE for SDT for the network to identify and authenticate the UE.
The third element contained in RRCResumeRequest and RRCResumeRequest1 messages is ResumeCause. In LTE UP-EDT, uplink user data is multiplexed with RRCConnectionResume message containing the resume identity and resume cause, and the following cause values are supported by taking all the resume procedures into account.
ResumeCause ::=              ENUMERATED {
                             emergency, highPriorityAccess, mt-Access, mo-Signalling,
                             mo-Data, delayTolerantAccess-v1020, mo-VoiceCall-v1280, spare1
}

However, for CP-EDT where the uplink user data are piggybacked into the RRCEarlyDataRequest messge, the number of establishment causes was limited to two for the purpose of CP-EDT only, which is different from that in the RRCConnectionResume. 
    establishmentCause-r15           ENUMERATED {   mo-Data-r15, delayTolerantAccess-r15},
When it comes to NR, according to the CT1 requirement, the number of resume cases has been extended to up to 11 values as shown below, which would always consume 4bits in each RRC resume procedure (due to additional spare values). Even though for the small data transmission procedure in Rel-17, it seems that only a few resume causes are necessary in the context of uplink data transmission only, e.g. mo-Data and highPriorityAccess, which is similar to CP-EDT causes, in practice we could save 2-3 bits of overhead compared with legacy resume causes in NR. 
ResumeCause ::=             ENUMERATED {emergency, highPriorityAccess, mt-Access, mo-Signalling,
                                        mo-Data, mo-VoiceCall, mo-VideoCall, mo-SMS, rna-Update, mps-PriorityAccess,
                                        mcs-PriorityAccess, spare1, spare2, spare3, spare4, spare5 }
Observation 2: Not all resume causes are applicable to SDT, but the potential gains of limiting the number of causes in SDT UL CCCH message are very limited (2-3 bits).
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]In the last meeting, it was agreed to further study introducing a new cause for SDT. We think the legacy resume cause can be reused and it seems there is no good motivation to introduce such cause.
Observation 3: There is no good motivation to introduce a new resume cause for SDT.
Based on the above observations, we note that the contents of the first UL RRC message sent by the UE would be the same as those of current RRCResumeRequest. Based on this, the following is proposed:
Proposal 8: RRCResumeRequest message is reused as the first UL RRC message sent by the UE for RRC-based SDT. 
2.4.1.2 Downlink RRC message for SDT
After small data transmission in the uplink (and optionally in downlink), the following cases are possible for the network to terminate SDT procedure: 
· If the network wants to send the UE to RRC_CONECTED and resume the connection, network shall send RRCResume.
· If the network fails to retrieve the UE context (e.g. due to failed security check or no response from the anchor gNB), RRCSetup is sent for falling back to RRC connection establishment.
· If the network wants to keep the UE in RRC_INACTIVE and terminate the transmission, RRCRelease with suspend configuration is sent.
· If the network wants to send the UE to IDLE and terminate the small data transmission, RRCRelease without suspend configuration is sent and the UE goes to RRC_IDLE.
· If the network experiences high traffic load and does not provide access to the UE, RRCReject can be sent and UE discards stored security keys and suspends SRB1.
We think all the above scenarios are possible for small data, i.e., after the uplink RRC message is transmitted, the network can respond to the UE with RRCResume or RRCSetup or RRCRelease with suspend configuration or RRCRelease without suspend configuration or RRCReject message as the downlink RRC response depending on the network situation.
In Rel-16 RRC specifications [2], the content of RRCRelease is the following.
	RRCRelease-IEs ::=                  SEQUENCE {
    redirectedCarrierInfo               RedirectedCarrierInfo                                                   OPTIONAL,   -- Need N
    cellReselectionPriorities           CellReselectionPriorities                                               OPTIONAL,   -- Need R
    suspendConfig                       SuspendConfig                                                           OPTIONAL,   -- Need R
    deprioritisationReq                 SEQUENCE {
        deprioritisationType                ENUMERATED {frequency, nr},
        deprioritisationTimer               ENUMERATED {min5, min10, min15, min30}
    }                                                                                                           OPTIONAL,   -- Need N
    lateNonCriticalExtension                OCTET STRING                                                        OPTIONAL,
    nonCriticalExtension                    RRCRelease-v1540-IEs                                                OPTIONAL
}
xxxx
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 the legacy RRCRelease message can be reused for response to the uplink SDT RRC message as I-RNTI, ran-PagingCycle, ran-NotificaitonAreaInfo, t380, nextHopChainingCount are all included in RRCrelease and are also needed for small data transmission. The new fields that need to be introduced for SDT can be added to RRCRelease by non-critical extensions.
Proposal 9: The downlink RRC message in response to uplink SDT RRC message can be RRCResume, RRCSetup, RRCRelease with suspendConfig, RRCRelease without suspendConfig or RRCReject message (i.e. the same as in the legacy procedures).
2.4.2 RRC-less SDT
In RAN2#111-e, it was agreed that “small data transmission with RRC message is supported as baseline for RA-based and CG based schemes” and “RRC-less can be studied for limited use cases (e.g. same serving cell and/or for CG) with lower priority. RRC-less is beneficial to improve resource efficiency of the SDT transmission. It should be noted that CG-based scheme is already possible only in the case UE initiates it in the cell where the CG was configured. Furthermore, the network may configure a dedicated CG resource for the UE, which would allow the network to identify the UE without requiring the UE to send additional information, i.e. its resumeID. RA based scheme is intended to work across the cells and the UE identification solution is not as straightforward as in the case of CG-based scheme. Based on this, we propose the following: 
Proposal 10：RRC-less based SDT can be supported for CG based SDT, but is not supported for RA based SDT.
2.5 Data loss avoidance during SDT
When it comes to SDT, the data loss at the UE can happen in the following cases:
· Case 1: Cell reselection occurs during small data transmission procedure
· Case 2: RRC setup is sent from the network in response to SDT.
In Rel-15 NR, the UE goes to RRC_IDLE when cell re-selection occurs during RRC resume procedure, which is similar to case 1 above. After going to RRC_IDLE, the UE discards Inactive AS context and releases the suspendConfig. This is shown in the following text from RRC and PDCP spec. 
	[bookmark: _Toc46439215][bookmark: _Toc46444052][bookmark: _Toc46486813]TS 38.331
5.3.13.6	Cell re-selection or cell selection while T390, T319 or T302 is running (UE in RRC_INACTIVE)
The UE shall:
1>	if cell reselection occurs while T319 or T302 is running:
2>	perform the actions upon going to RRC_IDLE as specified in 5.3.11 with release cause 'RRC Resume failure';
====OMITTED======
[bookmark: _Toc46439206][bookmark: _Toc46444043][bookmark: _Toc46486804]5.3.11	UE actions upon going to RRC_IDLE
The UE shall:
====OMITTED======
1>	discard the UE Inactive AS context, if any;
1> [bookmark: OLE_LINK1][bookmark: OLE_LINK9]release the suspendConfig, if configured;
====OMITTED======
1>	release all radio resources, including release of the RLC entity, the BAP entity, the MAC configuration and the associated PDCP entity and SDAP for all established RBs;
TS 38.323
5.1.3	PDCP entity release
When upper layers request a PDCP entity release for a radio bearer for Uu or PC5 interface, the UE shall:
-	discard all stored PDCP SDUs and PDCP PDUs in the transmitting PDCP entity;



For small data, the duration of the RRC resume procedure may be much longer than in the previous releases, since the maximum duration is no longer limited by the current T319 due to the subsequent uplink transmissions. Hence, cell reselection will happen much more often than previously during the RRC resume procedure. Each time this happens there would be data loss due to discarding of all PDCP SDUs and PCDP PDUs according to current procedures as mentioned above. In order to achieve lossless transmission of user data, a different approach is needed. 
For case 2, after the new gNB receives uplink data and RRC resume request, the new gNB requests the last serving gNB to provide the UE context. In the case the new gNB fails to retrieve the UE context, the uplink data will not be decoded successfully by the new gNB due to lack of the deciphering key and the new gNB has to discard this uplink data.
We think the data loss due to the above two reasons should be addressed for small data transmission. 
[bookmark: OLE_LINK16]Proposal 11: Lossless data transmission should be addressed when cell reselection occurs during small data transmission or when RRC setup is received after uplink small data transmission.
When it comes to the potential solutions, we think two main approaches exist:
· Option 1: the UE stays in RRC_INACTIVE after a cell reselection and suspends the DRB and PDCP entity. In consequence, the previously transmitted PDCP SDU can be still kept in the PDCP buffer. PDCP SDU retransmission can be triggered when PDCP entity resumes again. This solution addresses case 1 mentioned above (i.e. cell reselection occurs during small data transmission procedure)
· Option 2: UE goes back to RRC_IDLE and performs PDCP (SDAP) SDU retransmission on a DRB established after the UE is moved to RRC Connected state. This option addresses both case 1 (i.e. cell reselection occurs during small data transmission procedure) and case 2 (i.e. RRC setup is sent from the network in response to SDT)
Proposal 12: Consider the following mechanisms to address the issue of data loss for SDT:
- Option 1: the UE stays in RRC_INACTIVE after a cell reselection during SDT procedure and suspends the DRB and PDCP entity.
- Option 2: the UE goes back to RRC_IDLE and performs PDCP (SDAP) SDU retransmission on a DRB established after the UE is moved to RRC Connected state.
Option 2 would require some kind of data remapping to a new DRB established for the UE in RRC Connected state. Option 1 on the other hand may require addressing potential security issues that were mentioned previously by some companies, i.e.:
· Whether the UE is allowed to reuse its NCC and I-RNTI from previous cell to initiate RRC Resume in a new cell
· If not, then how to provide the UE with a new NCC and I-RNTI while the SDT procedure is ongoing
These details can be discussed further by RAN2.
2.6 New timer for SDT
In 38.331, T319 has been defined to control duration to perform the legacy resume procedure as shown below. The UE goes to RRC_IDLE when T319 expires. 
	T319
	Upon transmission of RRCResumeRequest or RRCResumeRequest1.
	Upon reception of RRCResume, RRCSetup, RRCRelease, RRCRelease with suspendConfig or RRCReject message, cell re-selection and upon abortion of connection establishment by upper layers.
	Perform the actions as specified in 5.3.13.5.



In RAN2#112-e, RAN2 agreed a new timer will be defined to control resume procedure with SDT. However, it is still FFS on whether it has the same definition as T319 or it is restarted after every UL and DL transmission. In post RAN2#112-e email discussion, this issue was discussed and the following is the interim summary from the discussion summary:
	Q 2.4.1: Which option do companies prefer for handling of the new timer?
Option 1: Extended T319 like timer
Option 2: Timer restarted after each UL/DL
Please provide further technical justification for your views
Comments Summary: 
12 companies said option 1 whilst 12 companies prefer option 2. 
Option 1 proponents seem to prefer it for simplicity and to have a time-bound mechanism to finish SDT phase.
Option 2 proponents seem to prefer it for the flexibility and because it can enable the UE to detect failure earlier. 
Seems this is hard to conclude since both options are feasible. However, a decision is needed one way or the other. 
Companies are encouraged to provide further justification and analysis in contributions.



As can be seen, the views are split 50-50 between the companies. There is not much more to say than what we mentioned during the discussion, but we would just like to restate here why we think option 2 is superior to option 1. Firstly, we think it gives the network more flexibility to terminate the procedure in the most efficient moment, e.g. by considering the (expected) subsequent data arrival. In addition, it allows the UE to detect the failure of SDT transmission earlier, since the timer in option 2 will be shorter than for option 1. E.g. if we assume the network wants to set the upper bound for SDT duration to 5 seconds, then it would take 5 seconds for the UE to wait for the SDT timer expiry to declare SDT failure (if there is no reply from the network). In case of having a timer which is restarted after each UL/DL transmission, the timer would be shorter (e.g. 1 second), so the UE would detect the failure earlier. 
Proposal 13: The timer controlling SDT procedure is started after initial SDT transmission and restarted after every subsequent DL/UL transmission.
The handling of timer expiry and stop would be in turn similar to that of T319, i.e. after timer expiry the UE should go back to RRC IDLE. The timer should be also stopped upon reception of RRCResume, RRCSetup, RRCRelease or RRCReject message, cell re-selection and upon abortion of connection establishment by upper layers.
Proposal 14: The UE goes back to RRC IDLE when the new timer expires. The timer is stopped upon reception of RRCResume, RRCSetup, RRCRelease or RRCReject message, cell re-selection and upon abortion of connection establishment by upper layers.
3. Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 
Observation 1: I-RNTI and resumeMAC-I have to be included in the initial RRC message sent by the UE for SDT for the network to identify and authenticate the UE.
Observation 2: Not all resume causes are applicable to SDT, but the potential gains of limiting the number of causes in SDT UL CCCH message are very limited (2-3 bits).
Observation 3: There is no good motivation to introduce a new resume cause for SDT.
Proposal 1: If uplink data arrives at the UE for DRBs not configured for SDT, the UE shall initiate the legacy RRC resume procedure (i.e. the UE does not trigger SDT transmission even if SDT data is also available).
Proposal 2: Fallback to non-SDT RRC Connection Resume procedure can be explicitly indicated by network. 
· For 2-step RA based SDT, the fallback is indicated by fallbackRAR. UE falls back to non-SDT 4-step RA
· For 4-step RA based SDT, the fallback can be realized by gNB providing a smaller grant in RAR and optionally indicating that the UE should only include RRC message (no user data) in msg3 
· For CG-based SDT, fallback indication is included in DCI.

Proposal 3: When UE fails to transmit data using SDT mechanism a configured number of times, the UE falls back to the legacy RRC Connection Resume procedure. 
Proposal 4: After the UE is switched to RRC_CONNECTED during non-SDT procedure, the UE should retransmit the user data it attempted to transmit via SDT to avoid data loss. 
Proposal 5: The UE should select CG based scheme in case both CG-based and RA-based scheme are configured and the UE has a valid CG resource (e.g. with an up to date TA). 
Proposal 6: If the UE does not have a valid CG resource for SDT, the UE may perform RA-SDT.
Proposal 7: If the UE is configured with both CG-SDT and RA-SDT, but the UE chooses RA-SDT due to TA invalidity, CG resource configured for CG-SDT can be used for subsequent data transmissions after the UE receives a TA command.
Proposal 8: RRCResumeRequest message is reused as the first UL RRC message sent by the UE for RRC-based SDT. 
Proposal 9: The downlink RRC message in response to uplink SDT RRC message can be RRCResume, RRCSetup, RRCRelease with suspendConfig, RRCRelease without suspendConfig or RRCReject message (i.e. the same as in the legacy procedures).
Proposal 10：RRC-less based SDT can be supported for CG based SDT, but is not supported for RA based SDT.
Proposal 11: Lossless data transmission should be addressed when cell reselection occurs during small data transmission or when RRC setup is received after uplink small data transmission.
Proposal 12: Consider the following mechanisms to address the issue of data loss for SDT:
- Option 1: the UE stays in RRC_INACTIVE after a cell reselection during SDT procedure and suspends the DRB and PDCP entity.
- Option 2: the UE goes back to RRC_IDLE and performs PDCP (SDAP) SDU retransmission on a DRB established after the UE is moved to RRC Connected state.
[bookmark: _GoBack]
Proposal 13: The timer controlling SDT procedure is started after initial SDT transmission and restarted after every subsequent DL/UL transmission.
Proposal 14: The UE goes back to RRC IDLE when the new timer expires. The timer is stopped upon reception of RRCResume, RRCSetup, RRCRelease or RRCReject message, cell re-selection and upon abortion of connection establishment by upper layers.
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