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1. Introduction
[bookmark: OLE_LINK70]Small Data Transmission in RRC INACTIVE topic was discussed during RAN2#111-e and RAN2#112-e meetings where numerous agreements were made. In this paper, we further discuss the user plane common aspects for small data transmission (SDT) using both random access based schemes and CG based scheme.
2. Common aspects
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 state with link budget adaptation. SDT on the other hand can show its advantage for smaller data amounts. The above motivation for SDT has been further confirmed by RAN2 in RAN2#111e where 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. When looking at the MAC PDU construction principles in MAC spec, it can be seen that the MAC PDU to be transmitted consists of MAC subheader(s), MAC CE(s) (if any) and MAC SDU for a radio bearer. Then, the question comes whether all components of MAC PDU should be considered for data volume calculation for SDT triggering. 
· DRB and SRB
During RAN2#111-e, RAN2 agreed the SDT is configured on a per DRB basis. Furthermore, as we mentioned above, in the case data for non-SDT DRBs is available, the UE should initiate legacy RRC Resume procedure. Therefore, 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. For SRB, RAN2 agreed that RRC-based SDT is supported as a baseline, e.g. RRCResumeRequest needs to be transmitted to initiate the procedure. We think data from both DRB configured for SDT and SRB shall be considered for data volume calculation for SDT triggering.
· 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 subheaders
The MAC entity constructs a MAC subheader for each MAC CE and each MAC SDU. The MAC header shall be also considered for data volume calculation for SDT triggering.
Proposal 1: DRBs configured for SDT, SRB, MAC CEs (if any) and MAC subheaders are considered for data volume calculation for SDT triggering.
2.1 Non–SDT DRBs handling
In RAN2#112-e, RAN2 agreed the following:
	1. 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
NOTE: SDT termination will be discussed with later papers
2. 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. 


It is still FFS on whether to resume the non-SDT DRBs upon initiating RESUME procedure for SDT. If the non-SDT DRB was allowed to be resumed, it could consume the resources intended for SDT DRB as the non-SDT DRB is normally configured with a higher priority for LCP procedure. It was mentioned in previous discussion that the LCP restrictions can be used to exclude the non-DRB data from being sent in INACTIVE state, but we think it is a simpler solution not to resume non-SDT DRB. If uplink data arrives for non-SDT DRBs while the SDT procedure is ongoing, the UE should initiate legacy RRC Resume procedure to move to RRC CONNECTED state where this data can be sent. 
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Proposal 2: Non-SDT data is not allowed to be transmitted during SDT procedure and non-SDT DRB is not resumed upon SDT initiation.
The above proposal is also related to the issue of BSR triggering for non-SDT data arriving during an ongoing SDT procedure, which was discussed in RAN2#112-e post-meeting email discussion. The rapporteur marked the following points as requiring additional discussion: 
	Open issues for further discussion
For non-SDT DRBs, the following aspects are proposed to be discussed in company contributions:
· RAN2 needs to decide which way to proceed for non-SDT DRBs. 
· Option 1: Resume non-SDT DRBs and enable necessary changes to trigger BSR for this case
· Option 2: Do not resume non-SDT DRBs and rely on NAS to trigger new RRCResumeRequest for this case



As mentioned above, we do not think non-SDT DRBs should be resumed for SDT, so option 1 is not something we consider. We think it is better for the UE to trigger a new RRC Resume procedure in such situation, but we believe it could be triggered by AS directly and there is no need to necessarily involve NAS. Yet another approach, not mentioned in the options from the rapporteur is to allow BSR triggering for non-resumed DRBs similarly as this is already specified for LTE:
	5.4.5	Buffer Status Reporting
[OMITTED PART]
For the Buffer Status reporting procedure, the MAC entity shall consider all radio bearers which are not suspended and may consider radio bearers which are suspended.



[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Proposal 3: When non-SDT data arrives at the UE during SDT procedure, it is proposed to choose one of the following approaches:
· UE triggers RRC Resume procedure 
· UE is allowed to trigger BSR based on data from suspended non-SDT DRBs 

2.2 PDCP handling upon SDT initiation
In RAN2#112-e, RAN2 agreed the followings.
	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


[bookmark: OLE_LINK37][bookmark: OLE_LINK38]It is still FFS on whether the re-establishment of the SDT PDCP entity upon initiating RESUME procedure for SDT is explicitly indicated by the network. Since we agreed that the PDCP entities are re-established upon each SDT procedure initiation, there is no reason for the network to provide any explicit indication.
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]Proposal 4: Upon initiating RRCResume procedure for SDT, a UE re-establishes the SDT PDCP entities for DRBs configured with SDT without an explicit indication for PDCP re-establishment from network.
Another FFS noted during the last meeting relates to PDCP status report handling when SDT is triggered. It was noted that during PDCP re-establishment the UE provides PDCP status report to the network. On the other hand, based on the TS 38.331 and TS 38.323, some requirements for UEs in RRC INACTIVE are specified as mentioned below.
	[bookmark: OLE_LINK39][bookmark: OLE_LINK40]TS 38.331 clause 5.3.8
1>	if the RRCRelease includes suspendConfig:
[OMITTED]
2>	suspend all SRB(s) and DRB(s), except SRB0;
2>	indicate PDCP suspend to lower layers of all DRBs;
TS 38.323 clause 5.1.4
When upper layers request a PDCP entity suspend, the transmitting PDCP entity shall:
-	set TX_NEXT to the initial value;
-	discard all stored PDCP PDUs;
When upper layers request a PDCP entity suspend, the receiving PDCP entity shall:
-	if t-Reordering is running:
-	stop and reset t-Reordering;
-	deliver all stored PDCP SDUs to the upper layers in ascending order of associated COUNT values after performing header decompression;
-	set RX_NEXT and RX_DELIV to the initial value.



Based the above, the transmitting PDCP entity discards all stored PDCP PDUs and the receiving PDCP entity sets the variables to initial value when RRCRelease message with suspend configuration is received. Therefore, it seems there is no need to transmit a PDCP status report when SDT is triggered as the UE’s buffer would contain only new data. 
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Proposal 5: PDCP status report is not transmitted upon re-establishing the PDCP entity due to initiating SDT.
2.4 MAC rebuilding and switching
In RAN2#112-e POST email discussion, the issue on MAC rebuilding and switching was discussed as mentioned below.
	Open issues to be discussed
Further discussion is left to company contributions. The following aspects can be kept in mind when companies compile the contributions:
· Once a mechanism is selected (i.e. CG-SDT or RA-SDT or no SDT), can the UE stick to the same throughout the procedure. i.e. both, RA-SDT and CG-SDT will have some inbuilt failure mechanisms and can these be sufficient without switching to other mechanisms (it would also be good to understand what is the failure recovery mechanism in this case – reestablishment or something else?). 
· Even if switching is allowed, will we need MAC PDU rebuilding? Note that similar discussion happened in 2-step RACH when the payload size could potentially be larger for MSGA but we relied on network implementation for avoiding the need for rebuilding (i.e. it is up to network to configure the payload sizes appropriately). Companies can consider if this is suitable for SDT too. 
If rebuilding is to be supported, companies are encouraged to provide details on how this could be done (note there could be impacts to other protocol layers than MAC if we want to fully specify this, so please provide these details if this is the preference) or we could leave this to UE implementation as a few companies have mentioned.


As we indicated in the e-mail discussion, the switching from both RA-SDT and CG-SDT to non-SDT RACH should be supported to handle SDT failure scenarios. Since the TB size for non-SDT RA is smaller than the one used in RA-SDT or CG-SDT and the TB will contain only data from CCCH and not from DTCH, we think the rebuilding is necessary in this case to construct a new PDU as in LTE EDT as shown below. We think the MAC layer can do rebuilding by itself without any impact to other protocol layers. 
	-	if the Random Access Preamble associated with EDT was transmitted and UL grant provided in the Random Access Response message is not for EDT:
-	indicate to upper layers that EDT is cancelled due to UL grant not being for EDT;
-	for CP-EDT, flush the Msg3 buffer.
-	for UP-EDT, update the MAC PDU in the Msg3 buffer in accordance with the uplink grant received in the Random Access Response.
-	if the Random Access Preamble associated with EDT was transmitted, the UL grant was received in a Random Access Response for EDT, and there is a MAC PDU in the Msg3 buffer:
-	if the TB size according to edt-SmallTBS-Enabled and as described in clause 8.6.2 and 16.3.3 of TS 36.213 [2] does not match the size of the MAC PDU in the Msg3 buffer:
-	the MAC entity shall update the MAC PDU in the Msg3 buffer in accordance with the TB size.
-	if this is the first successfully received Random Access Response within this Random Access procedure; or


[bookmark: OLE_LINK36][bookmark: OLE_LINK41]Proposal 6: PDU rebuilding is supported for switching from RA-SDT and CG-SDT to non-SDT RA in MAC layer without any impact to other protocol layer (similarly as in LTE EDT). 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]2.5 BWP for small data transmission
In R15 NR, UEs in RRC_CONNECTED are 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 a valid RA configuration on initial BWP to perform RA while the UE in RRC_CONNECTED 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. In general, due to potential overload, it would be worth considering not limiting to initial BWP only. However, this can be problematic for RACH-based scheme as in INACTIVE state the UE currently uses only common RACH configuration from initial BWP. In order to reuse the current RACH design, we think we should limit RA-SDT to initial BWP only. CG on the other hand is normally configured in the dedicated part of the BWP. CG will also be configured per UE, e.g. in the dedicated RRCRelease message and hence it can be provided with a dedicated BWP configuration as well. We then propose the following. 
[bookmark: OLE_LINK44][bookmark: OLE_LINK45]Proposal 7: For RA-SDT, only initial BWP is used. For CG-SDT, both initial BWP and dedicated BWP can be used. 
[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.
[bookmark: OLE_LINK46][bookmark: OLE_LINK47]Proposal 8: 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 Subsequent transmission
[bookmark: OLE_LINK50][bookmark: OLE_LINK51]2.7.1 Indication of subsequent data
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.  
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 the 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. 
Release Assistance Indication (RAI)
For case 1, in LTE, RAI has been defined and is used to inform the network about expected transmissions. Based on the RAI, the network can determine when RRC 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. In LTE EDT, only one-shot transmission is supported while multiple-shot transmission will be supported in NR SDT as we agreed in the previous meeting. In that case 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. From the network perspective, it would be beneficial to receive such information in the first UL message of SDT. Based on the NR RAI, the network can decide when to send the RRCRelease message to terminate the SDT procedure. 
[bookmark: OLE_LINK48][bookmark: OLE_LINK49]Proposal 9: The UE can send a MAC CE with assistance information to the network indicating the expected subsequent UL and DL transmissions, similar to the one used for RAI in LTE. 
For case 2, the data is already buffered in 3GPP layers and BSR MAC CE can be transmitted. In RAN2#111-e, RAN2 agreed the followings.
	3  	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



Basing on the above agreement highlighted in yellow, it has been agreed that BSR MAC CE can be transmitted during the SDT procedure. It should be noted that BSR MAC CE can only be transmitted when there is an available resource. If there is no resource available, SR procedure is triggered to request the grant by sending SR on PUCCH or initiating Random Access. In theory, the UE could wait for the ongoing SDT procedure to be terminated, but that would be inefficient both from latency and system efficiency point of view. Therefore, we believe both SR on PUCCH and Random Access can be considered for requesting resource for subsequent data. The PUCCH resource should be then provided by RRCRelease message.
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Proposal 10: SR procedure can be used to indicate the subsequent data for SDT. Both SR on PUCCH and Random Access should be supported. PUCCH resource is provided by RRCRelease message.
2.7.2 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.
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]Proposal 11: Segmentation and reassembly 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: 
Proposal 1: DRBs configured for SDT, SRB, MAC CEs (if any) and MAC subheaders are considered for data volume calculation for SDT triggering.
Proposal 2: Non-SDT data is not allowed to be transmitted during SDT procedure and non-SDT DRB is not resumed upon SDT initiation.
Proposal 3: When non-SDT data arrives at the UE during SDT procedure, it is proposed to choose one of the following approaches:
· UE triggers RRC Resume procedure 
· UE is allowed to trigger BSR based on data from suspended non-SDT DRBs 
Proposal 4: Upon initiating RRCResume procedure for SDT, a UE re-establishes the SDT PDCP entities for DRBs configured with SDT without an explicit indication for PDCP re-establishment from network.
Proposal 5: PDCP status report is not transmitted upon re-establishing the PDCP entity due to initiating SDT.
Proposal 6: PDU rebuilding is supported for switching from RA-SDT and CG-SDT to non-SDT RA in MAC layer without any impact to other protocol layer (similarly as in LTE EDT). 
Proposal 7: For RA-SDT, only initial BWP is used. For CG-SDT, both initial BWP and dedicated BWP can be used. 
Proposal 8: 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 9: The UE can send a MAC CE with assistance information to the network indicating the expected subsequent UL and DL transmissions, similar to the one used for RAI in LTE. 
Proposal 10: SR procedure can be used to indicate the subsequent data for SDT. Both SR on PUCCH and Random Access should be supported. PUCCH resource is provided by RRCRelease message.
Proposal 11: Segmentation and reassembly is supported for SDT.
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