

3GPP TSG-RAN WG2 #112-e	R2-2009930
Online, 02 – 13 November 2020

Agenda item:	8.6.3
Source:	Huawei, HiSilicon
[bookmark: _Hlk506366071]Title:	SDT aspects common for RACH-based and CG-based SDT scheme 
Document for:	Discussion 
1. Introduction
In RAN2#111-e, the following agreements were made.
	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.  
i. 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.  



[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, and provide our considerations.
2. Common aspects
2.1 Small data use cases and packet size 
Based on the WI [1], the following services are considered for small data transmission.
	· Smartphone applications: 
· [bookmark: OLE_LINK2]Traffic from Instant Messaging services (whatsapp, QQ, wechat  etc)
· Heart-beat/keep-alive traffic from IM/email clients and other apps
· Push notifications from various applications
· Non-smartphone applications:
· Traffic from wearables (periodic positioning information etc)
· sensors (Industrial Wireless Sensor Networks transmitting temperature, pressure readings periodically or in an event triggered manner etc)
· smart meters and smart meter networks sending periodic meter readings



Therefore, compared to EDT and PUR features specified for LTE, NR small data transmission solution aims at supporting more services with varying traffic patterns. Furthermore, it was agreed to support subsequent UL and DL transmissions as part of the SDT mechanism, i.e. without UE transitioning to RRC_CONNECTED state. These factors should be considered in RAN2 when deciding the packet sizes to be supported for a single transmission. We provide the typical traffic pattern for Heart-beat and for Instant messaging service below. Other services, e.g., traffic from wearables, usually comprise a mix of heart-beat traffic and IM traffic. 
· Heart-beat traffic: Heart-beat traffic is typical TCP-IP traffic.
For Heart-Beat traffic, the IP packet size is typically around 100 bytes and a Heart-Beat message arrives every several minutes or in the order of seconds; 
Observation 1: The IP packet size that should be supported for Heart-beat traffic is around 100 bytes and a Heart-beat message typically arrives every several minutes.
· [bookmark: OLE_LINK3]Instant Message traffic: For Instant Messaging services, e.g. WeChat, the procedures for Instant Messaging between Client (i.e. UE) and Server were observed to typically consist of the following four steps:
1. The Client sends the Instant message to the Server;
2. The Server responds with a TCP ACK for Instant message to the Client;
3. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]The Server sends the transmission status notification for the Instant message to the Client;
4. The Client responds with a TCP ACK for the transmission status notification to the Server.


Figure 1: Typical Traffic for Instant Message between UE and server
The observed time gap between every two steps in figure 1 is about 200 ms ~ 300 ms. The packet size for the Instant message (in step 1) is different depending on the content with some examples provided in Table 1. The size for TCP ACK is around 56 bytes (in step 2 and step 4), and the size is around 210 bytes for transmission status notification (in step 3). 
	Case
	Content in Instant message
	Packet size for Instant message

	1
	“1234567890”
	201 bytes

	2
	One Emoji
	201 bytes

	3
	24 Chinese characters
	265 bytes

	4
	120 Chinese characters
	379 bytes

	5
	[bookmark: OLE_LINK5]240 Chinese characters
	395 bytes


Table 1: Typical packet size for instant message
Considering that 100 Chinese characters in WeChat to be transmitted is rare, we think we can assume the largest packet size in scope for small data transmission is 300 bytes for Instant messaging services. For transmitting contents in other formats, e.g., photos, videos, the size of the content varies greatly with the length, definition and other factors, while generally, the size is much larger than the contents in plain text. Hence, we think they are out of the scope of the discussion in small data transmission over RRC_INACTIVE and are more suitable to be transmitted over RRC_CONNECTED.
[bookmark: OLE_LINK10]Observation 2: The largest packet size that should be supported for Instant Messaging services is about 300 bytes (in step 1), the packet size for TCP ACK is about 56 bytes (in step 2 and step 4), the packet size for transmission of status notification is about 210 bytes (in step 3) and the messages arrive between every two steps within 200 ms ~ 300 ms.
2.1.1 Small data packet size
Based on the above observations, we think the largest packet size (on application layer) that should be considered for SDT should be around 300 bytes. Given this maximum packet size that small data transmission should support, we think RAN1 needs to analyse the performance and coverage for different schemes i.e., RACH-based/CG-based for a given TBS. Therefore, RAN2 should inform RAN1 on the maximum expected packet size that is considered for SDT to facilitate these discussion. Since 300 bytes is the data volume on application layer and RAN1 operates on the Transport Block Size, we should consider also the size of L2 protocol stack overhead. As it may differ depending on, e.g. whether and which MAC CEs are included, we propose to provide RAN1 with a number range, e.g. 300-400 bytes. The final decision about the maximum supported TBS should be anyway up to RAN1’s decision based on their performance analysis. 
Proposal 1: Inform RAN1 that the maximum expected TBS applicable to SDT is around 300-400 bytes. The final decision about the maximum supported TBS is up to RAN1, based on their performance analysis.
A decision that should be made in RAN2on the other hand, is about what should be the data volume threshold under which the UE is allowed to use SDT based transmission. We think this can also be equal to 400 bytes. Even if RAN1 decides the maximum TBS to be smaller than this, it was already agreed to support subsequent transmission within SDT procedure, so the numbers do not have to be aligned. 
Proposal 2: The data volume threshold used to determine whether UE is allowed to perform SDT transmission is configurable by the network with the maximum value of 400 bytes.
2.2 Scheme selection
2.2.1 SDT transmission vs non-SDT transmission
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.
2.2.1.1 Data volume threshold based SDT triggering
Keeping in mind that one of the motivations to introduce SDT is to reduce UE power consumption, it can be seen that the available data volume is an important factor that should be taken into account. When the UE has more data to transmit, it is beneficial to transit into the RRC_CONNECTED with link budget adaptation. Otherwise, SDT can show the advantage for the small data. The above benefit has been confirmed by RAN2. At RAN2#111e, RAN2 agreed “Data volume threshold is used for the UE to decide whether to do SDT or not”. 
However it is still FFS on how data volume is calculated. We look back to the MAC PDU construction in MAC spec. The spec shows that the MAC PDU to be transmitted consists of MAC header, MAC CE (if any) and MAC SDU for RB. Then the question comes whether all components of MAC PDU should be considered for data volume calculation for SDT selection. 
· DRB and SRB
During RAN2#111-e, RAN2 agreed the SDT is configured on a per DRB basis. DRBs not configured for SDT shall not be considered for data volume calculation for SDT triggering, i.e. only DRBs configured for SDT are considered. If there is also data available at the UE other than data from DRB configured for SDT, the UE shall initiate the legacy RRC resume procedure.
Proposal 3: If there is data available for DRBs not configured for SDT in addition to data for DRBs configured for SDT, the UE shall initiate the legacy RRC resume procedure (i.e. the UE does not trigger SDT transmission).
For SRB, RAN2 agreed that RRC-based SDT is supported as a baseline. We think it shall be considered for data volume calculation for SDT type selection.
· MAC CE(s) 
During the SDT, the UE may need to transmit MAC CEs. The MAC CE can be, e.g. assistance information for subsequent transmission. Hence, MAC CEs included in the TB shall also be considered for data volume calculation for SDT triggering.
· MAC headers
The MAC entity constructs a MAC header for each MAC CE and MAC SDU for RB. The MAC header shall be also considered for data volume calculation for SDT selection.
Proposal 4: DRBs configured for SDT, SRB, MAC CEs (if any) and MAC header are considered for data volume calculation for SDT selection.
2.2.1.2 RSRP based selection
In Rel-16, RSRP based RA type selection between 2-step RA and 4-step RA has been defined. UE selects 2-step RA type when it is in good coverage for uplink transmission. Otherwise 4-step RA type is selected. In RAN2#111-e, RSRP based selection for SDT has been discussed. However no agreement was made. We think the network has more information on whether uplink coverage is good based on the uplink transmission reception status and can send an indication to fall back to legacy RRC connection resume procedure as we discuss below if the UE is indeed in poor uplink coverage.
Propose 5: RSRP threshold is not used to determine whether the UE should do SDT.
2.2.1.3 Fallback to non-SDT type
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 fall back to non-SDT transmission if it finds SDT is not suitable for the UE, similarly to fallback in PUR and EDT in LTE. In non-SDT transmission type, the UE performs 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 6: 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.
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 N 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 7: 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. 
2.2.2 SDT type selection between CG based scheme and RA based scheme
2.2.2.1 Initial 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 8: 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.
2.2.2.1 Fall back between CG-based scheme and RA-based scheme
When CG-based scheme is selected initially, it seems that there is no motivation to allow the UE to fall back to RA-based scheme or vice versa.
[bookmark: OLE_LINK6]Proposal 9: Falling back between CG-based scheme and RA-based scheme is not supported.
2.3 RRC based SDT vs RRC-less based SDT
RAN2 agreed the following during RAN2#111-e meeting:
	11. Small data transmission with RRC message is supported as baseline for RA-based and CG based schemes  
12. RRC-less can be studied for limited use cases (e.g. same serving cell and/or for CG) with lower priority



In section 2.3.1 we discuss aspects specific to RRC-based SDT approach while in section 2.3.2, we elaborate on RRC less approach.
2.3.1 RRC-based SDT
In LTE, only RRC-based mechanism for both user plane (UP) and control plane (CP) solution is supported for MO-EDT and PUR, as described below. 
In MO-EDT/PUR for Control Plane CIoT EPS optimisation, 
· Uplink user data is transmitted in a NAS message concatenated in UL RRCEarlyDataRequest message (RRC message) on CCCH;
· Downlink user data are optionally transmitted in a NAS message piggybacked in DL RRCEarlyDataComplete message (RRC message) on CCCH;
In MO-EDT/PUR for User Plane CIoT EPS optimisation, 
· Uplink user data is transmitted on DTCH multiplexed with UL RRCConnectionResumeRequest message (RRC message) on CCCH;
· Downlink user data are optionally transmitted on DTCH multiplexed with DL RRCConnectionRelease message (RRC message) on DCCH;
For NR small data transmission over NR RRC_INACTIVE, we need to discuss whether to support CP solution or UP solution. In RRC_INACTIVE, the UE AS context is kept in the last serving gNB and is identified by I-RNTI. For CP solution, AMF needs to forward the data to SMF and then from SMF to UPF. This results in higher delay and has more CN impacts and SA2 would have to be involved in the work. CP solution is more suitable to be supported in RRC_IDLE when RRC context is not kept while current work is for UEs in RRC_INACTIVE state. Furthermore, based on the WI, one of the objectives is to specify context fetch and data forwarding (with and without anchor relocation) when the UE moves to a new cell. We think UP solution is preferred because the last serving gNB needs to identify the UE context based on the contents (e.g. I-RNTI and short resume MAC-I) in uplink RRC message of UP solution provided by a UE. For CP solution, this is not possible because there is no UE context ID provided as instead S-TMSI is included in uplink RRC message.
Proposal 10: Only User Plane solution is supported for R17 small data transmission in RRC_INACTIVE, i.e. user data is transmitted over DTCH.
2.3.1.1 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 the UE and for the UE in RRC_INACTIVE state this is achieved by including I-RNTI and resumeMAC-I in the RRCResumeRequest or RRCResumeRequest1 message. These two elements are also required in the initial RRC message sent by the UE for SDT.
Observation 3: 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 4: 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).
Based on observation 3 and 4, 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 11: RRCResumeRequest message is reused as the first UL RRC message sent by the UE when applying SDT procedure. 
2.3.1.2 Downlink RRC message for SDT
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.
Proposal 12: Legacy RRCRelease message can be used for SDT procedure termination, as a baseline.
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.
Proposal 13: 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).
2.3.2 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 14：RRC-less based SDT can be supported for CG based SDT.
2.4 BWP for small data transmission
In R15 NR, UEs in RRC_CONNECTED can be allowed to perform RA and transmit both type 1 and type 2 CGs on initial BWP and dedicated BWPs. For UEs in RRC_INACTIVE, the UE only has valid RA configuration on initial BWP to perform RA while for UEs in RRC_CONNECTED, the UE can perform RA on active BWP if RA occasion is configured on the active BWP. Otherwise the UE switches to initial BWP to initiate RA. The question comes which BWP can be used for small data transmission over RRC_INACTIVE. 
· For RACH-based scheme, we think the UE can only perform RACH on initial BWP since the active BWP resources are not resumed for initial transmission.
· Since the addressed SDT services are not latency sensitive, the benefit of enabling SDT on BWP other than initial BWP is unclear regardless whether CG-based scheme or RA-based scheme is used.
Proposal 15: Only initial BWP is used for small data transmission over RRC_INACTIVE. 
2.5 Subsequent transmission
2.5.1 Subsequent transmission use cases
Based on the WID, i.e. “Transmission of small data in UL, subsequent transmission of small data in UL and DL and the state transition decisions should be under network control”, we need to consider the subsequent transmission for small data transmission. With Respect to this objective, during RAN2#111-e the following was agreed:
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.  

It is also essential to understand the traffic pattern based on the supported applications for small data in the WID. In order to have a common understanding, we consider the following cases for determining potential subsequent transmission.
	case
	UL data
	DL data
	Subsequent transmission

	1
	a single transmission for UL user data
	No DL user data
	· No subsequent DL and UL transmission

	2
	a single transmission for UL user data
	a single transmission for DL user data
	· A single DL subsequent transmission
· No subsequent UL transmission 

	3
	a single transmission for UL user data
	Multiple transmissions for DL user data
	· Multiple subsequent DL transmissions
· No subsequent UL transmission

	4
	Multiple transmissions for UL user data
	No DL user data
	· Multiple subsequent UL transmissions
· No subsequent UL transmission

	5
	Multiple transmissions for UL user data
	a single transmission for DL user data
	· Multiple subsequent UL transmissions and a single DL subsequent transmission

	6
	Multiple transmissions for UL user data
	Multiple transmissions for DL user data
	· Multiple subsequent UL and DL transmissions



All of these cases are relevant based on the use cases that are considered for SDT (e.g. IM and IOT).
Observation 5: The following case(s) should be supported for subsequent transmission.
· Single transmission of UL user data and no DL user data
· Single transmission of UL user data and single transmission of DL user data
· Single transmission of UL user data and multiple transmissions of DL user data
· Multiple transmissions of UL user data and no DL user data
· Multiple transmissions of UL user data and single transmission of DL user data
· Multiple transmissions of UL user data and multiple transmissions of DL user data
2.5.2 Assistance information for subsequent transmissions
There are two main cases where subsequent transmissions are needed:
· Case 1: There are multiple messages (including both UL message and DL message), each message is small but they arrive at different times, e.g. messages of step 1-4 for IM traffic (see section 2.5.1). These messages are to be transmitted by different transmissions.
· Case 2: One message (DL or UL) is split into multiple transmissions due to its large size which cannot be accommodated by a single MAC PDU. 
For both options, as mentioned above, both the UE and the network need to transmit the message(s) by multiple transmissions within one SDT procedure. The information about subsequent DL and UL transmissions is usually known at the UE’s application layer. From network perspective, it would be useful to receive such information from the UE. Based on the assistance information, the network can determine when to send the RRCRelease message to terminate the SDT procedure, e.g. the network transmits the RRCRelease message immediately if it is aware there is no subsequent transmission expected, or whether the RRCRelease message should be multiplexed with the DL user data in the subsequent DL transmission. 
Proposal 16: Assistance information for subsequent UL and DL transmission can be sent to the gNB , if it enabled by the network. 
Below, we discuss the potential structure of the assistance information for subsequent transmissions, considering both cases mentioned above.

Release Assistance Indication (RAI)
In LTE, RAI has been defined and is used to inform the network on transmission expectation information, i.e. whether subsequent transmission is expected by the UE. Based on the RAI, the network can determine when RRC connection Release message should be sent. The AS RAI MAC CE in LTE has the following information.
	Table 6.1.3.19-1: Values for AS RAI
	Codepoint/Index
	Value

	00
	No RAI information

	01
	No subsequent DL and UL data transmission is expected

	10
	A single subsequent DL transmission is expected

	11
	Reserved






We think the benefits for LTE hold also for NR and similar mechanism can be used for NR SDT. However, there may be some differences, e.g. more information should be included in NR RAI because additional use cases of subsequent transmission are to be supported, e.g. there can be more than one subsequent transmission in both UL and DL. 
The RAI can be applicable to both case 1 and case 2 of subsequent transmission as mentioned above. For case 1, the UE is expected to be provided with information about subsequent transmissions from the application layer of the UE. For case 2, the data is already buffered in 3GPP layers, the 3GPP layers of UE can generate RAI information directly.
Proposal 17: The UE can send assistance information to the network on the expected subsequent UL and DL transmissions in a form similar to the one used for RAI in LTE. 

Buffer status
In RRC_CONNECTED, BSR is used to indicate the UE’s buffer status. Based on the BSR, the network can know how many subsequent uplink transmission need to be performed. For SDT over RRC_INACTIVE, the question is whether to support BSR indication to network especially when we consider the case 2 of subsequent uplink transmission. In that case the uplink user data is larger which cannot be transmitted within one MAC PDU. In such situation, the UE can send a part of the user data and an assistance information on buffer status to the network. Based on this information, the network can be aware of the UE’s remaining data and determine that the SDT procedure should not be terminated immediately. If there is remaining data buffered, the SDT procedure for the subsequent uplink transmission should be triggered. 
Proposal 18: Information about the UE’s buffer status can be sent during SDT transmission to provide assistance information to the network. 
2.5.3 Segmentation and reassembly
Next we discuss whether to support segmentation for both uplink and downlink. Segmentation is beneficial to improve wireless resource efficiency for RLC AM and RLC UM bearers. When the grant size is not able to transmit the whole RLC SDU, it can segment this RLC SDU to multiple segments. One segment of the RLC SDU is transmitted on the current grant and the remaining segments of the RLC SDU will be transmitted in subsequent grant. In receiving side, reassembly is performed for all segments. For SDT, we think the benefits hold when user data is larger than a single SDT resource and it can be supported for both uplink and downlink data.
Proposal 19: Segmentation and reassembly is supported for SDT.
2.5.4 RRC message for subsequent uplink transmission
[bookmark: OLE_LINK12]RAN2 agreed “Small data transmission with RRC message is supported as baseline for RA-based and CG based schemes”. We think that the UE shall transmit an uplink RRC message including its I-RNTI and resume MAC-I for the anchor gNB to identify and authenticate the UE within the first uplink transmission of SDT procedure. However for subsequent uplink transmission, it is still unclear about whether to transmit a RRC message again with its I-RNTI and resume MAC-I included too. We think if the UE does not reselect to a new cell, it is not necessary to transmit RRC message together with the user data in the subsequent transmission due to the fact that both identification and authentication were verified by the same gNB in the first uplink transmission. If the UE reselects to a new cell, the anchor gNB may be relocated and in that case from the perspective of security, the UE shall include its I-RNTI and resume MAC-I in a RRC message and transmit it for the new anchor gNB to identify and authenticate the UE again similarly in the first transmission.
Proposal 20: Subsequent uplink transmission does not have to include UE identifier and authentication token as long as the UE stays in the same cell.
[bookmark: OLE_LINK7]2.6 ROHC
ROHC is beneficial for resource efficiency especially for small data and has been defined for transmission over RRC_CONNECTED. Thanks to ROHC, the UE transmits a compressed data which is generated based on the ROHC context by using a short index in ROHC header to replace the long IP header content. The ROHC context is reset for handover when PDCP anchor is relocated from the source node to the target node, i.e. ROHC context relocation is not supported. For the handover without PDCP anchor relocation, the network has a possibility to indicate to the UE to continue RoHC operation without context reset.
From the perspective of resource efficiency, we think ROHC should be supported for SDT over RRC_INACTIVE. Similarly as in RRC_CONNECTED, we think that in the case PDCP is not relocated or the serving cell is unchanged, the ROHC context can be continued; otherwise ROHC context has to be reset.
Proposal 21: The ROHC context can be continued for each SDT transmission on the same serving cell or on a new cell without PDCP anchor relocation. Otherwise ROHC context is reset.
2.7 Lossless data transmission
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.
	[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, in that case there is user data which has not been acknowledged by the network before going to RRC_IDLE and which according to current procedures should be discarded by the UE 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.
[bookmark: OLE_LINK16]Proposal 22: 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)

Option 1 may require addressing a potential security context mismatch between the UE and the network, depending on when exactly the cell reselection occurs. Option 2 on the other hand would require some kind of data remapping to a new DRB established for the UE in RRC Connected state. These details can be discussed further by RAN2.
Proposal 23: 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: OLE_LINK15]2.8 Repetition for SDT
Currently, repetition is supported in NR to improve reliability, e.g. for URLCC services. However for services utilizing SDT, the required reliability may not be as high as for URLLC service. We then believe that from transmission reliability point view, repetition is not needed. On the other hand, repetitions may prove useful in case UE finds itself in poor coverage conditions. For CG-based scheme, specification impact may be low as repetitions are already supported for CG in RRC_CONNECTED. For RA-based scheme, more enhancements may be needed, i.e. how to indicate the repetition number for msg3 for 4-step RA type or msgA for 2-step RA type. 
Proposal 24: Transport Block repetition is supported for SDT.
3. Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 
Observation 1: The IP packet size that should be supported for Heart-beat traffic is around 100 bytes and a Heart-beat message typically arrives every several minutes.
Observation 2: The largest packet size that should be supported for Instant Messaging services is about 300 bytes (in step 1), the packet size for TCP ACK is about 56 bytes (in step 2 and step 4), the packet size for transmission of status notification is about 210 bytes (in step 3) and the messages arrive between every two steps within 200 ms ~ 300 ms.
Observation 3: 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 4: 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 5: The following case(s) should be supported for subsequent transmission.
· Single transmission of UL user data and no DL user data
· Single transmission of UL user data and single transmission of DL user data
· Single transmission of UL user data and multiple transmissions of DL user data
· Multiple transmissions of UL user data and no DL user data
· Multiple transmissions of UL user data and single transmission of DL user data
· Multiple transmissions of UL user data and multiple transmissions of DL user data
Proposal 1: Inform RAN1 that the maximum expected TBS applicable to SDT is around 300-400 bytes. The final decision about the maximum supported TBS is up to RAN1, based on their performance analysis.
Proposal 2: The data volume threshold used to determine whether UE is allowed to perform SDT transmission is configurable by the network with the maximum value of 300 bytes.
Proposal 3: If there is data available for DRBs not configured for SDT in addition to data for DRBs configured for SDT, the UE shall initiate the legacy RRC resume procedure (i.e. the UE does not trigger SDT transmission).
Proposal 4: DRBs configured for SDT, SRB, MAC CEs (if any) and MAC header are considered for data volume calculation for SDT selection.
Propose 5: RSRP threshold is not used to determine whether the UE should do SDT.
Proposal 6: 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 is realized by gNB sending RRC message in msg4 (e.g. RRCResume)
· For CG-based SDT, fallback indication is included in DCI.
Proposal 7: 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 8: 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.
Proposal 9: Falling back between CG-based scheme and RA-based scheme is not supported.
Proposal 10: Only User Plane solution is supported for R17 small data transmission in RRC_INACTIVE, i.e. user data is transmitted over DTCH.
Proposal 11: RRCResumeRequest message is reused as the first UL RRC message sent by the UE when applying SDT procedure. 
Proposal 12: Legacy RRCRelease message can be used for SDT procedure termination, as a baseline.
Proposal 13: 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 14：RRC-less based SDT can be supported for CG based SDT.
Proposal 15: Only initial BWP is used for small data transmission over RRC_INACTIVE. 
Proposal 16: Assistance information for subsequent UL and DL transmission can be sent to the gNB , if it enabled by the network. 
Proposal 17: The UE can send assistance information to the network on the expected subsequent UL and DL transmissions in a form similar to the one used for RAI in LTE. 
Proposal 18: Information about the UE’s buffer status can be sent during SDT transmission to provide assistance information to the network. 
Proposal 19: Segmentation and reassembly is supported for SDT.
Proposal 20: Subsequent uplink transmission does not have to include UE identifier and authentication token as long as the UE stays in the same cell.
Proposal 21: The ROHC context can be continued for each SDT transmission on the same serving cell or on a new cell without PDCP anchor relocation. Otherwise ROHC context is reset.
Proposal 22: 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 23: 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 24: Transport Block repetition is supported for SDT.
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