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[bookmark: _Ref488331639]Introduction 
In RAN#94e, a new work item to study mobile terminated-small data transmission (MT-SDT) for NR was approved. The objective of the WI is described as follows [1]. 
Specify the support for paging-triggered SDT (MT-SDT) [RAN2, RAN3]
· MT-SDT triggering mechanism for UEs in RRC_INACTIVE, supporting RA-SDT and CG-SDT as the UL response;
· MT-SDT procedure for initial DL data reception and subsequent UL/DL data transmissions in RRC_INACTIVE.
Note: Data transmission in DL within paging message is not in scope of this WI.  
[bookmark: _Ref178064866]In this contribution, we would like to provide our initial considerations on MT-SDT.
Background
MT-EDT for User Plane CIoT EPS Optimisation has been studied and specified in R16, which can be considered as a baseline for MT-SDT. The Stage-2 description of MT-EDT procedure for UP solution is copied from [2] as below.
	[bookmark: _Toc37760225][bookmark: _Toc46498459][bookmark: _Toc52490772][bookmark: _Toc115438336]7.3c.3	MT-EDT for User Plane CIoT EPS Optimisation
The MT-EDT procedure for User Plane CIoT EPS Optimisation is illustrated in Figure 7.3c-2.


Figure 7.3c-2: MT-EDT for User Plane CIoT EPS Optimisation
1.	Upon arrival of downlink data, the SGW may send the DL data size to the MME for MT-EDT consideration by the MME.
2.	The MME includes the DL data size in the S1-AP PAGING message to assist eNodeB in triggering MT- EDT.
3.	If the data can fit in one single downlink transmission according to the UE category included in the UE Radio Capability for Paging provided in the S1-AP Paging message, the eNB includes mt-EDT indication in the Paging message for the UE.
4.	The UE initiates the MO-EDT procedure for the User Plane CIoT EPS Optimisation as described in clause 7.3b.3/ figure 7.3b-2 with the following differences:
-	In step 0, the UE selects a random access preamble not configured for EDT;
-	In step 1, the UE sends RRCConnectionResumeRequest message with the resume cause mt-EDT and without user data.
-	In step 4, the MME may include the Pending Data Indication in the S1AP UE Context Resume Response message to notify the eNB of further data traffic in excess of that initially signalled in step 2. The eNB may use this indication to decide whether to release the UE.



According to the text, we can have the following observations for R16 MT-EDT:
[bookmark: _Toc118132624][bookmark: _Toc118471755][bookmark: _Toc118472195]MT-EDT is initiated by the MME if the UE and the network support MT-EDT and there is a single DL data transmission for the UE. DL data size info shall be provided to eNB in order to make decision on whether to trigger MT-EDT.
[bookmark: _Toc118132625][bookmark: _Toc118471756][bookmark: _Toc118472196]If MT-EDT is triggered, eNB shall include MT-EDT indication in paging message for UE over Uu interface.
[bookmark: _Toc118132626][bookmark: _Toc118471757][bookmark: _Toc118472197]In response to the Paging message including MT-EDT indication, the UE triggers the MO-EDT procedure with following differences:
a. [bookmark: _Toc118132627][bookmark: _Toc118471758][bookmark: _Toc118472198]Legacy RACH resources are selected.
b. [bookmark: _Toc118132628][bookmark: _Toc118471759][bookmark: _Toc118472199]New resume cause shall be included in RRCConnectionResumeRequest, i.e., mt-EDT.
c. [bookmark: _Toc118132629][bookmark: _Toc118471760][bookmark: _Toc118472200]MME may include Pending Data Indication to notify the eNB of further data traffic. The eNB may use this indication to decide whether to release the UE. 
By taking R16 MT-EDT and R17 MO-SDT as baseline, we identify the following issues for the study of R18 MT-SDT:
· MT-SDT is triggered by which node? 
· What are the trigger conditions for MT-SDT? e.g., Is MT-SDT also allowed per radio bearer like MO-SDT?
· How to indicate the paging is to trigger MT-SDT?
· Whether or not to introduce new resume cause for MT-SDT?
· What UL resources are used to respond to the paging with MT-SDT indication? 
· What resources are used for subsequent DL/UL scheduling?
The issues are further discussed in next section.
Discussion
Trigger of MT-SDT
R16 MT-EDT is initiated by MME when DL data size info is received from S-GW and MT-EDT is supported by both UE and network. MME initiates paging to eNB via S1-AP signalling with DL data info included. The DL data size info is used to assist eNB for triggering MT-EDT, i.e., MT-EDT is triggered if DL data can fit in one single downlink transmission. For MT-EDT, DL data size info has to be provided by S-GW for reason that GTP tunnels are not established between eNB and S-GW for a UE in RRC_IDLE and DL data can not be transmitted to eNB.
While the case is different for NR MT-SDT. As specified in section 9.2.2.1 of [3], for a UE in RRC_INACTIVE, NG connection between last serving gNB and serving AMF/UPF is maintained. When DL data/signalling for a UE is available at UPF/AMF, it can be directly delivered to last serving gNB. With all information of the data/signalling being known e.g., data size, radio bearers, etc, last serving gNB is able to trigger MT-SDT without requiring any assistant info from AMF/UPF (e.g., like DL data size info in MT-EDT).
	[bookmark: _Toc20387973][bookmark: _Toc29376053][bookmark: _Toc37231944][bookmark: _Toc46501999][bookmark: _Toc51971347][bookmark: _Toc52551330][bookmark: _Toc109153837]9.2.2.1	Overview
RRC_INACTIVE is a state where a UE remains in CM-CONNECTED and can move within an area configured by NG-RAN (the RNA) without notifying NG-RAN. In RRC_INACTIVE, the last serving gNB node keeps the UE context and the UE-associated NG connection with the serving AMF and UPF.
If the last serving gNB receives DL data from the UPF or DL UE-associated signalling from the AMF (except the UE Context Release Command message) while the UE is in RRC_INACTIVE, it pages in the cells corresponding to the RNA and may send XnAP RAN Paging to neighbour gNB(s) if the RNA includes cells of neighbour gNB(s).



[bookmark: _Toc118472181]For a UE in RRC_INACTIVE, last serving gNB determines whether to trigger MT-SDT when DL data/signalling is received form UPF/AMF.
For R16 EDT, the trigger condition is mainly based on data size considering only one-shot UL/DL transmission is supported. While EDT is designed for NB-IoT/eMTC, in which case the terminals generally generates specific service. The same principle is not suitable for NR scenario with more refined QoS requirements. In order to cater 5G system, radio bearer is introduced as one of the trigger conditions when studying R17 MO-SDT, i.e., MO-SDT can be triggered only when all UL data is mapped to the radio bearers configured for SDT.
For MT-SDT, the trigger conditions should at least include data size since DL transmission with small data size is aimed at. How to evaluate the data size is up to RAN3 discussion. Regarding whether MT-SDT is allowed per RB, we think the same principle of MO-SDT can be followed, i.e., not all services are suitable to be transmitted in RRC_INACTIVE. 
[bookmark: _Toc118472182]The Trigger conditions of MT-SDT at least include data size and radio bearer. How to evaluate the data size is up to RAN3 discussion.
If it is agreed that MT-SDT is allowed per radio bearer as in P2, further discussion is needed on whether the radio bearers configured for SDT can be common between MO-SDT and MT-SDT. As in current specification, each radio bearer can be used for both UL transmission and DL transmission, there is no strong motivation to differentiate radio bearers into UL and DL for SDT purpose. Therefore, it is preferred to adopt a common radio bearer configuration for MO-SDT and MT-SDT.
[bookmark: _Toc118472183]SDT-specific radio bearers are common for both MO-SDT and MT-SDT.
If MT-SDT is triggered for a UE, the last serving gNB initiates paging within RNA. Considering the behaviours of UE would be different for MT-SDT and normal RRC resume, the paging shall be able to indicate whether MT-SDT is triggered. Legacy behaviour as in MT-EDT can be followed to achieve this, i.e., including MT-indication in pagingRecord together with UE identity as in MT-EDT.
[bookmark: _Toc118472184]The last serving gNB initiates paging within RNA if MT-SDT is triggered for a UE. MT-SDT indication is included in paging message together with UE identify.
UE behaviour for MT-SDT
UE monitors paging message at its POs. If the pagingRecord including UE identity and mt-SDT indication is received, UE forwards the paging information (e.g., ue-identify, accessType, etc) to upper layer and stores MT-SDT indication. 
UE initiates RRC resume procedure in response to the paging with MT-SDT indication when request for connection resumption is received from upper layers. The RRC behaviours as MO-SDT can be reused, i.e., derivation of new security key, resume SRB1 and SDT-RBs, restore UE-dedicated RLC configuration, continuing ROHC, initiating transmission of RRCResumeRequest, etc.
[bookmark: _Toc118472185]In response to the paging with MT-SDT indication, UE initiates RRC resume procedure and follows the same RRC behaviours as MO-SDT.
While for the transmission of RRCResumeRequest, further discussion is needed on whether or not to introduce a new resume cause for MT-SDT. As in legacy, the resume cause would be set as ‘mt-access’ if paging is received. But different from a normal RRC resume procedure, UE needs to resume SDT-RBs and derive new security keys for DL data/signalling reception. It is important to indicate NW whether everything has been ready at UE side, i.e., to inform NW that the triggered RRC resume procedure is for MT-SDT but not for any other purposes such as legacy paging. 
Other than introducing a new resume cause, we may have other solution to carry this information to NW, for example, configuring dedicated RACH resources for UL response. With this solution, NW is able to distinguish RRC resume procedure for MT-SDT based on resources. But given the fact that we have already had multiple RACH partitions for different purposes in previous releases, it is not desirable to further extend the use of RACH resources. Therefore, it is proposed to introduce a new resume cause for MT-SDT.
[bookmark: _Toc118472186]New resume cause is introduced for MT-SDT in order to inform NW that UE is ready for DL data/signalling reception.
[bookmark: _Toc118472187]Do not support to configure dedicated RACH resources for MT-SDT. 
For MO-SDT, the selection of UL resources is subject to the following principle:
· If CG-SDT resources are configured and valid, UE selects CG-SDT resources; 
· Otherwise, if RA-SDT resources are configured, UE selects RA-SDT resources; 
· Otherwise, MO-SDT is not initiated.
According to the WID, both RA-SDT and CG-SDT can be considered as UL response for MT-SDT. Besides, legacy RACH resources can be also used if it is agreed to introduce a new resume cause. For the selection of UL resources, the following principle can be considered:
· CG-SDT resources are UE-specific, they should be used in first priority if valid.
· RA-SDT resources are cell-specific, if there is no UL data/signalling to transmit when MT-SDT is triggered, it is better to avoid contention with MO-SDT UEs that are trying RA-SDT.
Therefore, we propose to adopt the following order for UL resources selection in MT-SDT.
[bookmark: _Toc118472188]UE follows the followings order to select UL resources used for response:
[bookmark: _Toc118472189]- If there is valid CG-SDT resources, UE use CG-SDT.
[bookmark: _Toc118472190]- if there is uplink data/signalling to transmit, UE selects RA-SDT.
[bookmark: _Toc118472191]- Otherwise (i.e., no uplink data/signalling or no valid RA-SDT/CG-SDT resources), UE selects legacy RACH resources.
MT-SDT procedure aims to support both initial DL data reception and subsequent UL/DL data transmissions. For DL transmissions including both initial and subsequent, at least dynamic scheduling can be based on. Furthermore, similar to CG resources configured for UL transmission, SPS resources can be also considered for DL transmissions if UE still stays in last serving cell. The utilization of preconfigured resources is beneficial for signalling overhead reduction. While considering the tight time budget allocated for this topic, whether to support SPS solution shall be carefully investigated.
For subsequent UL transmission, we think the same way as MO-SDT can be followed, i.e., if CG-SDT resources are used for UL response, subsequent UL can be based on CG or DG; if RACH resources are used for UL response, subsequent UL is based on DG. 
[bookmark: _Toc118472192]Dynamic scheduling can be used for initial/subsequent DL data/signalling delivery. RAN2 further discuss whether to configure SPS for DL transmissions.
[bookmark: _Toc118472193]For subsequent UL, following the same principle as MO-SDT, i.e., if CG-SDT resources are used for UL response, subsequent UL can be based on CG or DG. If RACH resources are used for UL response, subsequent UL is based on DG.
MT-SDT with/without anchor relocation
[bookmark: _GoBack]For MO-SDT over RACH, UE context and data forwarding with or without anchor re-location are supported. If UE accesses a gNB other than the last serving gNB, the receiving gNB triggers Retrieve UE Context procedure with SDT indication included. It is up to the last serving gNB to decide whether to relocate the UE context or not. If UE context is relocated to receiving gNB, the UL SDT data is delivered from the receiving gNB to UPF. If UE context is partially relocated to receiving gNB, the UL SDT data/signalling are forwarded to the last serving gNB, and then delivered to UPF. The same procedure can be reused for MT-SDT.
[bookmark: _Toc118472194]MT-SDT with and without anchor relocation are supported. 
Conclusion
Based on the discussion in section 3 we have following observations:
Observation 1	MT-EDT is initiated by the MME if the UE and the network support MT-EDT and there is a single DL data transmission for the UE. DL data size info shall be provided to eNB in order to make decision on whether to trigger MT-EDT.
Observation 2	If MT-EDT is triggered, eNB shall include MT-EDT indication in paging message for UE over Uu interface.
Observation 3	In response to the Paging message including MT-EDT indication, the UE triggers the MO-EDT procedure with following differences:
a.	Legacy RACH resources are selected.
b.	New resume cause shall be included in RRCConnectionResumeRequest, i.e., mt-EDT.
c.	MME may include Pending Data Indication to notify the eNB of further data traffic. The eNB may use this indication to decide whether to release the UE.
Based on the discussion above, we have the following proposals:
Proposal 1	For a UE in RRC_INACTIVE, last serving gNB determines whether to trigger MT-SDT when DL data/signalling is received form UPF/AMF.
Proposal 2	The Trigger conditions of MT-SDT at least include data size and radio bearer. How to evaluate the data size is up to RAN3 discussion.
Proposal 3	SDT-specific radio bearers are common for both MO-SDT and MT-SDT.
Proposal 4	The last serving gNB initiates paging within RNA if MT-SDT is triggered for a UE. MT-SDT indication is included in paging message together with UE identify.
Proposal 5	In response to the paging with MT-SDT indication, UE initiates RRC resume procedure and follows the same RRC behaviours as MO-SDT.
Proposal 6	New resume cause is introduced for MT-SDT in order to inform NW that UE is ready for DL data/signalling reception.
Proposal 7	Do not support to configure dedicated RACH resources for MT-SDT.
Proposal 8	UE follows the followings order to select UL resources used for response:
- If there is valid CG-SDT resources, UE use CG-SDT.
- if there is uplink data/signalling to transmit, UE selects RA-SDT.
- Otherwise (i.e., no uplink data/signalling or no valid RA-SDT/CG-SDT resources), UE selects legacy RACH resources.
Proposal 9	Dynamic scheduling can be used for initial/subsequent DL data/signalling delivery. RAN2 further discuss whether to configure SPS for DL transmissions.
Proposal 10	For subsequent UL, following the same principle as MO-SDT, i.e., if CG-SDT resources are used for UL response, subsequent UL can be based on CG or DG. If RACH resources are used for UL response, subsequent UL is based on DG.
Proposal 11	MT-SDT with and without anchor relocation are supported.

[bookmark: _In-sequence_SDU_delivery][bookmark: _Ref189809556][bookmark: _Ref174151459][bookmark: _Ref450865335]Reference
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