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1. Introduction
[bookmark: OLE_LINK70]In this paper, we further discuss the issues related to small data transmission (SDT) with random access (RA) based scheme based on the agreements made by RAN2 so far.
2. RA-based schemes
2.1 Anchor relocation related aspects
2.1.1 Assistance information for anchor relocation
During the last RAN3#111-e meeting, RAN3 has discussed about the anchor relocation issue for RA-SDT and the following progress are described in the LS to RAN2 [1]:
	· WA1: The existing Retrieve UE Context procedure can be reused for both with and without anchor relocation scenarios with possible enhancements, which will be discussed later.

· WA2: UL data for SDT is buffered at the receiving node in the successful context retrieval procedure. For other cases, the common understanding is that UL data may need to be buffered as well, details are pending.

· WA3: The last serving gNB, i.e., anchor gNB, will be the decision maker on whether to relocate anchor or not. Assistance information provided by the receiving gNB may help on the decision. Details of such information are pending to future discussion in RAN3 and/or RAN2 inputs.

· RAN3 discussed the assumption in the LS that RLC handling is processed in the receiving gNB and would like to ask if this is confirmed as a firm agreement in RAN2. Several companies in RAN3 proposed to analyse the topic further.


According to the above input from RAN3, the last serving gNB requires some assistance information from the new gNB for making a good decision on whether to perform anchor relocation. The assistance information can include information about subsequent UL and DL transmission, e.g.:
· RAI-like information: the last serving gNB can for example determine whether to expect a follow-up DL transmission and decide when to send an RRCRelease message to the UE. For SDT, there are also some use cases (e.g. smart meters, wireless sensors and other IoT applications) where the number of packets to be transmitted can be known at the UE at the time of initiating the SDT. UE can provide the information on the number of packets to be transmitted during a SDT session to the network in MSG3/MSGA. This information can then be sent to the last serving gNB as the part of the assistance information to help it make a decision on whether to perform anchor relocation or not.
· Buffer status information: the last serving gNB can determine whether to send the UE to RRC_CONNECTED or to keep the UE in RRC_INCTIVE for subsequent data. If the volume of subsequent data arriving in the buffer is large, it may be more appropriate to terminate the SDT procedure as soon as possible and move the UE context to the new gNB (i.e. perform anchor relocation) for transiting the UE state to RRC_CONNECTED. If the volume of subsequent data in the buffer is small, the last serving gNB may decide not to perform anchor relocation. In addition, if the non-SDT data arrives during an ongoing SDT procedure, this information should be passed to anchor gNB if the UE context was not previously relocated.
Proposal 1: Assistance information transferred from the receiving gNB to the last serving gNB for allowing the last serving gNB to take an informed decision whether to perform anchor relocation or not   shall at least contain the following:
· UE’s expected traffic pattern, e.g. number of packets to be transmitted for SDT DRB in UL/DL, single-shot/multi-shot transmission etc. 
· Buffer status for data from SDT DRBs.
· Information about non-SDT data arrival during an ongoing SDT procedure.
RAN2 should send an LS to RAN3 on assistance information provided to last serving gNB.
2.1.2 RLC handling
Related to the aspect of the first SDT transmission’s delay, in the past, there were proposals from some companies that the first SDT packet should be sent to the anchor gNB together with RETRIEVE UE CONTEXT REQUEST message, without waiting for the decision on whether the anchor is to be relocated or not. The purpose of such behaviour would be to reduce the latency experienced by the first SDT transmission. It should be noted that the fundamental issue with sending the SDT packet together with context retrieval request is that the new gNB does not have a UE context and RLC PDU forwarding is not possible at the moment. Since RAN2 agreed that UE specific RLC configuration should be used for SDT transmission, then the new gNB is not able to extract the PDCP PDU from the received transport block before it receives the RLC configuration of the UE performing SDT from the anchor gNB. RLC configuration of the UE has to be received from the anchor gNB where the UE context is stored, even if the anchor gNB decides not to relocate the context. As a consequence, it is not possible to forward the first SDT transmission from the new gNB to the anchor gNB together with the context retrieval request.
Observation 1: It is not feasible to forward the first SDT transmission from the new gNB to the anchor gNB together with context retrieval request.
It should be also noted that SDT is not targeted at the use cases having very strict latency requirements, so solutions aiming at first SDT transmission latency reduction are not among the top objectives of this work. Furthermore, the latency of the first SDT transmission will in most of the cases be lower than those using normal RRC Resume procedure, so there is no need to optimize this further. The above considerations lead us to propose the following:
Proposal 2: First SDT packet is forwarded to the anchor gNB after the new gNB receives a context retrieval response indicating that anchor should not be relocated.
2.2 RA-SDT configuration
RAN2 agreed the following in RAN2#112-e and RAN2#113-e.
	RAN2#112-e Agreement:
10. As a baseline, the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT 
a)	If ROs for SDT and non SDT are different, preamble partitioning between SDT and non SDT is not needed.
b)	If ROs for SDT and non SDT are same, preamble partitioning is needed
FFS if common configuration should be allowed

	RAN2#113-e Agreement:
1. RAN2 continues to progress the work based the separate RACH resources for SDT (i.e. explicit mechanisms to support common resources won’t be pursued unless there is sufficient support for this. However, use of common RACH resources will not be precluded if possible via implementation


In this section, we will share our understanding on the RA-SDT configuration aspects for the case where separated RACH resources for SDT and non-SDT are used and for the case where common RACH resources for SDT and non-SDT are configured.
2.2.1 Separated RACH resources for SDT
As agreed previously, separation of RACH resources for SDT and non-SDT can be achieved by using a different RO+preamble combination, which can be further divided into two cases:
a) shared ROs with separate preambles
b) separate ROs with either separate or shared preambles
For configuring shared ROs with separate preambles, the preamble space should be divided into non-SDT preambles and SDT preambles. However, as shown in the following table (1), there are several RACH schemes which may share the whole preamble space.
Table (1): different cases for shared ROs with separated preambles between SDT and non-SDT
	ROs sharing between SDT and non-SDT
	4-step RA-SDT
	2-step RA-SDT

	4-step RA
	1) Shared or not shared
	2) Shared or not shared

	2-step RA
	3) Shared or not shared
	4) Shared or not shared


As indicated in the above table, the ROs for 4-step RA-SDT can be either shared with 4-step RA (case 1) or with 2-step RA (case 3), and the ROs for 2-step RA-SDT can be either shared with 4-step RA (case 2) or with 2-step RA (case 4), where all the specific configurations are all under the control of the network, for example, the network can configure how the ROs are shared by considering the current resource load. Therefore, in our opinion, all the RO sharing cases as outlined in the table above should be considered. 
In addition, if the preambles of 2-step RA-SDT and 4-step RA-SDT are separated, then the ROs between 4-step RA-SDT and 2-step RA-SDT can also be shared as shown in the following table (2)
Table (2): different cases for shared ROs with separated preambles between 2-step RA-SDT and 4-step RA-SDT
	ROs sharing between 2-step RA-SDT and 4-step RA-SDT
	4-step RA-SDT

	2-step RA-SDT
	Shared or not shared



Proposal 3: To achieve the RACH configuration of shared ROs with separated preambles, the following configurations should be supported:
1) 4-step RA shares ROs with 4-step RA-SDT and/or with 2-step RA-SDT
2) 2-step RA shares ROs with 4-step RA-SDT and/or with 2-step RA-SDT
ROs between 4-step RA-SDT and 2-step RA-SDT can be shared if the preambles are different for 4-step RA-SDT and 2-step RA-SDT.
2.2.2 Common RACH resources for SDT
In RAN2#113-e meeting, RAN2 agreed the following:
	RAN2#113-e Agreement:
1. For RA-SDT, up to two preamble groups (corresponding to two different payload sizes for MSGA/MSG3) may be configured by the network


According to the above agreement, RAN2 agreed that different preamble groups can be utilized to indicate different MSGA/MSG3 payload sizes, which is similar to the preamble partitioning scheme in legacy RA procedure. For 4-step SDT, if the payload sizes can be indicated by different preambles, UE can assemble packets on the basis of UL grant in RAR. Hence, there is no need for the gNB to blindly detect MSG3 packet as had to be done when flexible TBS was applied, e.g. in LTE EDT. Without blind detection, the gNB behavior for reception of RA-SDT MSG3 and legacy MSG3 are exactly the same, meaning that it is not necessary for UEs to indicate the SDT intention through MSG1 from the perspective of gNB. If common RACH resources for SDT are applied, UE would use current preamble Group B when initiating RA-SDT procedure. UE could transmit the SDT data together with MSG3 if the UL grant is sufficient, or UE could include BSR if the UL grant is not sufficient and small data could be further sent over subsequent SDT transmissions. There may be cases that gNB sends an RRCResume message to move the UE into RRC_ CONNECTED upon receiving MSG3 not including any data nor BSR. However, we believe such scenario can be avoided by network implementation, e.g. by providing the UE with a grant sufficient for at least some UP data.
Proposal 4: For the case of common RACH resources for SDT, the network can distinguish SDT and non-SDT access attempts via LCID of UL data included in MSG3/MSGA, i.e. no additional indication is required.
2.3 HARQ processes for RA-SDT
At the moment, only one HARQ process (i.e. HARQ process 0) is used for an RA procedure due to the fact that parallel random access procedures are not supported to decrease the UE complexity. Even though with SDT, the principle of having a single ongoing RACH procedure should hold, we need to consider that subsequent transmission for SDT is already supported via DG. Therefore, to allow for handling retransmissions and subsequent data transmissions at the same time, multiple HARQ processes should be supported for RA-SDT during the subsequent transmission phase. HARQ process can be indicated in the DCI in the same way as in RRC_ CONNECTED.
Proposal 5: Multiple HARQ process can be used for RA-SDT during subsequent transmission phase.
3. Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 
Observation 1: It is not feasible to forward the first SDT transmission from the new gNB to the anchor gNB together with context retrieval request.
Proposal 1: Assistance information transferred from the receiving gNB to the last serving gNB for allowing the last serving gNB to take an informed decision whether to perform anchor relocation or not   shall at least contain the following:
· UE’s expected traffic pattern, e.g. number of packets to be transmitted for SDT DRB in UL/DL, single-shot/multi-shot transmission etc. 
· Buffer status for data from SDT DRBs
· Information about non-SDT data arrival during an ongoing SDT procedure
RAN2 should send an LS to RAN3 on assistance information provided to last serving gNB.
Proposal 2: First SDT packet is forwarded to the anchor gNB after the new gNB receives a context retrieval response indicating that anchor should not be relocated.
Proposal 3: To achieve the RACH configuration of shared ROs with separated preambles, the following configurations should be supported:
1) 4-step RA shares ROs with 4-step RA-SDT and/or with 2-step RA-SDT
2) 2-step RA shares ROs with 4-step RA-SDT and/or with 2-step RA-SDT
ROs between 4-step RA-SDT and 2-step RA-SDT can be shared if the preambles are different for 4-step RA-SDT and 2-step RA-SDT.
Proposal 4: For the case of common RACH resources for SDT, the network can distinguish SDT and non-SDT access attempts via LCID of UL data included in MSG3/MSGA, i.e. no additional indication is required.
Proposal 5: Multiple HARQ process can be used for RA-SDT during subsequent transmission phase.
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