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1	Introduction
In the previous RAN2 meetings, the following agreements were reached:
Agreements (RAN2#111-e):
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.  
	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.  

	Agreements (RAN2#112-e):
10:  As a baseline, the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT 
-	If ROs for SDT and non SDT are different, preamble partitioning between SDT and non SDT is not needed.
-	If ROs for SDT and non SDT are same, preamble partitioning is needed
FFS if common configuration should be allowed
11:	If the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT then there is no further need for any differentiation between MSG2/MSGB for SDT vs non-SDT


In this contribution, we discuss the further RACH details for SDT as well as the SDT data forwarding between anchor and target gNBs.
2	SDT RACH
2.1	RA type selection for SDT
The following was agreed in the previous RAN2#111-e meeting:
5	The 2-step RACH or 4-step RACH should be applied to RACH based uplink small data transmission in RRC_INACTIVE
8	Data volume threshold is used for the UE to decide whether to do SDT or not.   FFS how we calculate data volume.  
	FFS if an “additional SDT specific” RSRP threshold is further used to determine whether the UE should do SDT

The RSRP threshold was left FFS in the RAN2#111-e meeting as there was somewhat confusing discussions that we already apply RSRP threshold when we select between 2-step and 4-step RA type. However, any additional RSRP threshold should be applied before the SDT procedure is even initiated, i.e., similarly to the data volume threshold, the UE will check based on the RSRP whether it can initiate SDT procedure or whether it should do a regular resume procedure. As indicated in our companion contribution R2-2009919, we think the “Not at cell edge” threshold specified for Rel-16 UE power saving can be applied for this purpose.
Proposal 1: “Not at cell edge” threshold specified for Rel-16 UE power saving is re-used for SDT purpose i.e. the UE is not allowed to use SDT at cell edge.
2.2	RA resources for SDT
In the previous RAN2#112-e meeting, the following options were agreed:
	Agreements (RAN2#112-e):
10:  As a baseline, the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT 
-	If ROs for SDT and non SDT are different, preamble partitioning between SDT and non SDT is not needed.
-	If ROs for SDT and non SDT are same, preamble partitioning is needed
FFS if common configuration should be allowed



RAN2 agreed the following in RAN2#111e:
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 was left for further study whether to allow common PRACH occasions to be used for SDT and non-SDT based attempts. This would mean in practice that while the RA procedure would follow the legacy principles pretty much where the CCCH SDU is included in the MsgA/Msg3 of the RA procedure, the SDT data could be transmitted immediately after the RA procedure has been completed. Furthermore, depending on the MsgA/Msg3 payload sizes, the UE might be able to indicate availability of data already through a BSR (e.g., padding BSR). Considering that the design will allow subsequent UL and DL transmissions after the RA procedure for SDT is complete, allowing SDT procedure using the shared RACH resources with non-SDT seems possible. For example, NW could configure the RACH such that SDT would usually use the Preambles Group B which can rarely be applied by IDLE/INACTIVE UEs not performing SDT, i.e., only CONNECTED mode UEs usually apply Preambles Group B. On the other hand, even using Preambles Group A with smaller grant could be possible where the data transmission would usually only happen after the RA procedure. 
Although the SDT transmission would not immediately benefit from transmitting the data already in MsgA/Msg3, it would still benefit in terms of latency and signalling efficiency compared to the regular resume procedure. Additionally, such SDT procedure could likely be allowed for UEs closer to cell edge given the RA procedure would have better chances for success compared to embedding data with MsgA/Msg3. This approach neither would require preserving separate RACH resources for SDT use only which could increase the RACH collision probability for the legacy UEs as well given less RACH resources could be allocated for their purposes.
Proposal 2: NW can configure SDT procedure to be performed without configuring separate RACH resources for SDT, i.e., common RACH resources for SDT and non-SDT RA procedures are supported.
3	Details of context fetch and data forwarding with and without anchor relocation
RAN2 has agreed to consider both context fetch and data forwarding (with and without anchor relocation) for SDT procedures in INACTIVE state that are initiated to a target gNB different than the last serving gNB (that sent the UE in INACTIVE and stores the UE AS Context). RAN2 has also agreed that the RLC bearer configuration to use for SDT is based on the UE-specific RLC configuration stored in the UE AS context.
Data forwarding for improved data latency entails that SDT data is forwarded from the target gNB to the last serving gNB, which deciphers and sends it to the 5GC. DL data may be also forwarded by the last serving gNB to the target gNB. As SDT is meant for small data only, the associated capacity demands on the Xn interface from data forwarding can be insignificant. Furthermore, the forwarding need not increase the number of signaling messages over the Xn interface since it can be performed along with the Retrieve UE Context Request message or alike message.  
For the case of data forwarding without anchor relocation, the UE AS context is retained at the last serving gNB and no path switch to the target gNB is performed, reducing the associated network signaling. This strategy can be appealing whenever the data forwarding delay (one-way Xn latency) can be tolerated, which could be expected in the majority of small data use cases.
For the case of data forwarding with anchor relocation, the UE AS context is relocated and path switch to the target gNB is performed along with the data forwarding. This allows the target gNB to be ready for subsequent SDT transmissions or subsequent SDT procedures that the UE may initiate to the same target gNB. 
Observation 1: Data forwarding with and without anchor relocation may provide data latency and network signalling benefits and their adoption should be up to the network.
In general, in case of SDT with anchor relocation, it is not clear which node should decide whether the full UE AS context should be fetched or not, as discussed in R3-210056. There may be situations where the target gNB could have compelling reasons to become the new anchor gNB, for example, in the case the target gNB has decided that it is beneficial to move the UE to the RRC_CONNECTED state and therefore become the new anchor gNB. This may happen if the UE has indicated that a significant amount of data is to be expected or has indicated the presence of non-SDT data in its buffer. There may be opposite situations where the target gNB could instead have a strong preference to not become the anchor gNB. This could be the case for example due to its load situation, e.g. the target gNB is in high load and prefers that the SDT transaction continues keeping the old anchor gNB. Moreover, there may be situations where the target gNB would have no compelling reason, or no preference in either direction, then the anchor gNB could decide whether to relocate the anchor function or not based on its own information: for example, based on past UE traffic activity/mobility estimation it could judge whether it is worth relocating the UE AS context.
Observation 2: To cope with the various use cases and needs, the target gNB should be able to request the UE AS context relocation when needed or indicate that it leaves the decision to the anchor gNB.
Proposal 3: The target gNB should be able to request the UE AS context retrieval when needed or indicate that it leaves the decision to the anchor gNB whether the full UE AS context. 
Furthermore, the UE applies ciphering to the UL SDT data based on the security information stored in the UE AS Context, where it derives the ciphering key using the Next-Hop Chaining Count (NCC) parameter provided to the UE by the last serving gNB upon RRC state transition to RRC_INACTIVE. This is according to the existing security framework as per UP-EDT. Thus, when using data forwarding (e.g. without anchor relocation), the last serving gNB should terminate the PDCP protocol layer for the SDT DRB and perform PDCP processing including deciphering. 
Proposal 4: The PDCP protocol instance for an SDT DRB can be terminated at the last serving gNB when data forwarding is used. 
[bookmark: _Hlk54250413]Since the PDCP instance of the SDT DRB is to be terminated at the last serving gNB, when data forwarding is applied by a target gNB adopting a RAN split architecture, it may be considered whether the UL data could be tunnelled directly by the target gNB-DU (MAC/RLC) to the target gNB-CU-CP control-plane entity (RRC) without the need to involve the target gNB-CU-UP user-plane entity (PDCP). However, these aspects are under RAN3 responsibility and are going to be discussed in RAN3, see R3-210056, R3-210057.
[bookmark: _GoBack]In case of SDT with data forwarding without anchor relocation, as a result of the agreement of using the RLC configuration stored in UE Context for SDT, it is still needed for the target gNB to fetch the RLC context from the anchor gNB to process the received RLC PDU before data forwarding can take place. This vanishes the latency benefits of data forwarding due to the required buffering delay at the target gNB while waiting for the context and mandates a partial context retrieve also when no anchor relocation is used, which introduces additional network signalling overhead as shown in R3-210056. 
Observation 3: Using the stored RLC configuration for SDT implies the need to first fetch the RLC context before data forwarding can occur, which is undesired as it vanishes the benefits of data forwarding.
Similarly, even for the case of without data forwarding, the current approach exposes latency given the RLC PDU at the target gNB can only be decoded upon receival of UE AS Context. In fact, by employing the CU-DU split architecture, this would mean the RLC context can only be provided to the DU after receiving the UE AS Context and only then the RLC PDU can be decoded and forwarded to CU for PDCP processing. Such delay in the SDT procedure seems to have also significant impact to UE power consumption given it needs to wait decoding PDCCH until the SDT procedure is completed.
Observation 4: Even without data forwarding, the agreed approach of using the stored RLC configuration for SDT implies the need to first fetch the UE AS Context before the gNB-CU can configure the RLC entity of the gNB-DU to decode the RLC PDU and forward the resulting PDCP PDU to gNB-CU – this seems to introduce significant delay for SDT.
Given the above, to enable the network to decode the RLC PDU of the SDT transmission with stored RLC configuration immediately, i.e. without requiring fetching of the RLC context, it seems possible for the UE to provide this configuration information along with the SDT transmission. This allows the target gNB to immediately decode the RLC PDU and enables immediate data forwarding to be used over Xn.
[bookmark: _Hlk54250444]Proposal 5: Support a UE indication about the used RLC configuration in the SDT transmission to enable the target gNB to decode the RLC PDU immediately.  
It is worth noting that without such UE indication about the used RLC configuration, the scenario of data forwarding with anchor relocation becomes an irrelevant scenario since the first RLC PDU cannot be forwarded from the target to the anchor gNB before fetching the RLC context. However, by the time the RLC context is fetched and the first RLC PDU is processed, the anchor relocation would be already initiated, after which data forwarding wouldn’t be possible anymore. Proposal 5 allows to support such scenario of data forwarding with anchor relocation in line with the corresponding objective in the SDT Work Item Description.

4	Conclusion
Observation 1: Data forwarding with and without anchor relocation may provide data latency and network signalling benefits and their adoption should be up to the network.
Observation 2: To cope with the various use cases and needs, the target gNB should be able to request the UE AS context relocation when needed or indicate that it leaves the decision to the anchor gNB.
Observation 3: Using the stored RLC configuration for SDT implies the need to first fetch the RLC context before data forwarding can occur, which is undesired as it vanishes the benefits of data forwarding.
Observation 4: Even without data forwarding, the agreed approach of using the stored RLC configuration for SDT implies the need to first fetch the UE AS Context before the gNB-CU can configure the RLC entity of the gNB-DU to decode the RLC PDU and forward the resulting PDCP PDU to gNB-CU – this seems to introduce significant delay for SDT.
Proposal 1: “Not at cell edge” threshold specified for Rel-16 UE power saving is re-used for SDT purpose i.e. the UE is not allowed to use SDT at cell edge.
Proposal 2: NW can configure SDT procedure to be performed without configuring separate RACH resources for SDT, i.e., common RACH resources for SDT and non-SDT RA procedures are supported.
Proposal 3: The target gNB should be able to request the UE AS context retrieval when needed or indicate that it leaves the decision to the anchor gNB whether the full UE AS context. 
Proposal 4: The PDCP protocol instance for an SDT DRB can be terminated at the last serving gNB when data forwarding is used. 
Proposal 5: Support a UE indication about the used RLC configuration in the SDT transmission to enable the target gNB to decode the RLC PDU immediately.  




