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1 Introduction
In previous RAN3 meetings, some agreements were achieved:
	1. WA: For CG based SDT, RAN3 will further discuss impacts and mainly consider split-gNB case.

2. WA: Sequence UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED is supported for SDT

3. WA: The existing Retrieve UE Context procedure can be reused for both with and without anchor relocation scenarios with possible enhancements. Details will be discussed later.

4. WA: 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.

5. WA: 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 assistance information are pending future discussion
6. Keep the scope of without anchor relocation for SDT.

7. Among the solutions proposed to support without anchor relocation, forwarding all the MAC PDUs directly to the anchor gNB, is excluded. 

8. Reply to RAN2 by saying that RAN3 would proceed with the alignment their assumption of RLC handling.


Since this meeting is the first official one for SDT in RAN3, we would like to share our view on the whole picture for the RA-SDT, and give our analysis on potential RAN3 impacts. 
2 Discussions
2.1. RA-SDT without UE context relocation
Without UE context relocation, the small data transmission between the serving gNB and anchor gNB is inevitable. In particular, the UE should send the UL small data to anchor gNB via serving gNB, while the DL data should be sent to UE from anchor gNB via serving gNB. During such process, the format of the transmitted data between two gNBs should be decided first. RAN3 agreement “Among the solutions proposed to support without anchor relocation, forwarding all the MAC PDUs directly to the anchor gNB, is excluded. ” indicates the potential format can be RLC SDU, PDCP SDU. If PDCP SDU is applied, it means that the serving gNB should be aware of the security key at the anchor gNB while the security context is still kept at the anchor gNB. This breaks the general security principle (two gNBs cannot use the same security key for the same UE). Thus, the only possible format is RLC SDU, which is also aligned with RAN2 agreement as below. 
1 Using a RLC configuration stored in UE Context is confirmed.  List how they can be used and final decision is up to RAN3

2 Inform RAN3 on UE SDT data handling impact including using a stored RLC configuration 
Proposal 1-1: in RA-SDT without UE context relocation, the small data forwarded between anchor gNB and serving gNB is RLC SDU. 
As agreed in RAN2, the UE uses the stored RLC configuration to deal with the small data, which requires that the serving gNB should be able to derive the RLC SDU from the packets sent by UE in UL, and transmit the RLC SDU to UE via the RLC configuration stored in the UE. Thus, we believe that the key issue for RA-SDT without UE context relocation in RAN3 is the provision of configurations to serving gNB for SDT RLC SDU transmission and reception, which includes the following issues:
Issue 1 – content of RA-SDT configuration 

In our understanding, RA-SDT without context relocation indicates that the UE context is unnecessary to be provided to serving gNB for the purpose of small data transmission. To forward SDT RLC SDU between two gNBs, the GTP-U tunnels at anchor gNB and serving gNB should be exchanged. 
Proposal 1-2: the RA-SDT configuration contains the DL/UL tunnel information between anchor gNB and serving gNB for SDT bearers. 

Meanwhile, the serving gNB should be able to transmit the RLC SDU with the UE, which requires low layer configurations to derive RLC SDU. As agreed in RAN2, the UE use the RLC configurations of the stored context for small data transmission. However, in order to derive the RLC SDU, the logical channel configuration is also needed for serving gNB. Thus, anchor gNB should provide the configurations for RLC layer and logical channel of small data bearers to the serving gNB, which can be indicated via the current RLCBearer-config IE.  
In addition, the configurations of MAC/PHY are also needed, which can be deduced from the following RAN2 agreements:

SR resource is not configured for SDT. When the BSR is triggered by SDT data, the UE will trigger RA because SR resource is not available, same as legacy

1.  The BSR configuration used for SDT can be different from the BSR configuration used in RRC_CONNECTED.   

2. [CB] FFS Whether the BSR configuration used for SDT is configured by gNB or used from default configuration needs further discussion. (gNB 10 / default 11)

3. Legacy PHR triggers are applied for SDT

4. DL SPS is not supported for SDT

5. DataInactivityTimer is not supported for SDT. 

The above agreements indicate that the MAC/PHY configuration for SDT can be different from those when the UE is in RRC_CONNECTED status (e.g., BSR, SR). In other words, the SDT dedicated MAC/PHY configurations are needed, which may be configured by anchor gNB or a default configuration. The details need further progress from RAN2, and RAN3 can send LS to RAN2 for clarification. 

Proposal 1-3: the RA-SDT configurations contain low layer configurations, e.g., RLC, logical channel, MAC, and PHY. An LS to RAN2 can be sent to clarify the details of MAC/PHY configurations for SDT.  
Issue 2 – Signaling method for SDT configuration
Among RA-SDT configurations, UL tunnel for SDT bearers is sent to serving gNB by anchor gNB, while DL tunnel is sent to anchor gNB by serving gNB. However, the lower layer configurations can be transmitted to serving gNB in different format options:
· Option 1: low layer configurations in RLCBearer-Config IE 
In this option, the lower layer configurations only contain the configurations of RLC layer and logical channel. In other words, the MAC/PHY configuration for SDT can use the default configuration in serving gNB. Thus, the existing RLCBearer-Config IE can be reused by only including SDT bearers.   
· Option 2: Low layer configuration in CellGroupConfig with SDT bearer(s) only
In this option, the existing CellGroupConfig IE can be reused while the content only includes the configurations referring to SDT bearers. For example, the RLCBearer-Config IE only contains information related to SDT bearers, while the MAC/PHY configurations are set for serving SDT bearers only. 
· Option 3: low layer configuration in CellGroupConfig for all bearers

This option can reuse the CellGroupConfig IE. Since RAN2 agrees that the configurations (e.g., BSR, SR) for SDT can be different from that used in RRC_CONNECTED,  the CellGroupConfig applicable for SDT should be prepared even it contains all bearers. Moreover, the CellGroupConfig for SDT can be different from the one used in RRC_CONNECTED status. 
No matter which option is selected, the anchor gNB should provide low layer configurations for SDT to the serving gNB. Compared to Option 1&2, Option 3 provides information of non-SDT bearers, which is useless for serving gNB. While the selection between option 1 and option 2 depends on RAN2 decision of MAC/PHY configurations for SDT bearers. Thus, we propose
Proposal 1-4: the anchor gNB provides low layer configuration for SDT bearers to the serving gNB, and the signaling format can be selected based on the following two options:
· Option 1: lower layer configuration as RLCBearer-Config IE
· Option 2: lower layer configuration as CellGroupConfig with SDT bearer(s) only

Issue 3 - F1 impact for SDT configuration

In case of CU-DU split, both anchor gNB and serving gNB need to signal the low layer configurations of SDT bearers. At anchor gNB side, as discussed above, the low layer configuration for SDT bearers should be derived. In general, gNB-DU is responsible for generating those low layer configurations. Thus, the gNB-CU needs to query low layer configuration for SDT bearers from the gNB-DU via indicating the SDT bearers. As a response, the gNB-DU can provide the low layer configuration of SDT bearers. The same procedure can be used to query Configured Grant configuration, which will be addressed in our another paper [R3-215394].
Proposal 1-5: at anchor gNB side, the gNB-CU should query the low layer configurations for SDT bearers by indicating the SDT bearers, and as a response, the gNB-DU provides the low layer configuration of SDT bearers. 

At serving gNB side, the gNB-CU should forward the SDT configurations received from anchor gNB to gNB-DU, which includes the SDT bearer information (e.g., bearer ID, QoS), UL tunnel information, and low layer configuration. As a response, the gNB-DU should provide the DL tunnel information. 

Proposal 1-6: at serving gNB side, the gNB-CU should forward the SDT configurations , including the SDT bearer information (e.g., bearer ID, QoS), UL tunnel information, and low layer configurations. As a response, the gNB-DU should provide the DL tunnel information for each SDT bearers. 

Issue 4 – whole procedure for RA-SDT without context relocation
The following figure gives the whole procedure in our mind:
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Step 1~5: these steps are performed before sending UE to INACTIVE status, where step 1&2 are used to derive the low layer configurations of SDT bearers.  

Step 6~10: these steps trigger the small data transmission. The first small data may be transmitted in step 8 together with RRCResumeRequest message. Step 10 will forward the RRC Resume Request to the anchor gNB, which may contain an indication to indicate that such RRC resume procedure is for the SDT bearers. During these steps, one open issue is whether some additional assistant information is needed to help anchor gNB make decision on UE context relocation. 

· Sub-issue 1: assistant information provision

When RA-SDT is triggered, the UE may include the BSR of SDT bearers to the gNB-DU of serving gNB side. The size of buffered packets may help the anchor gNB make decision. We acknowledge the benefit of assistant information. However, we are wondering if other assistant information is also needed. In particular, the BSR transmitted with RRCResumeRequest message can only reflect the buffer status till step 8; however, the anchor gNB cannot know the SDT bearers with data packet for transmission at the serving gNB side. Thus, it may also be beneficial if the gNB-DU of serving gNB side can provide information of SDT bearers (e.g., logical channel group ID, logical channel ID, bearer ID, etc.) corresponding to the BSR. Of course, we are also open for other assistant information from the serving gNB to the anchor gNB, which is derived from gNB-DU of serving gNB. 

Proposal 1-7: the additional assistant information can be provided from serving gNB to anchor gNB, which is derived from gNB-DU of serving gNB, to help decision make of UE context relocation. FFS on details of assistant information

In addition, the packets of all SDT bearers may not arrive at the same time, which means that step 8 may be triggered due to the arrival of packets belonging to one of SDT bearers. Thus, another issue is how to retrieve context of SDT bearer context. 

· Sub-issue 2: SDT bearer context request
Step 10 is used to retrieve SDT bearer context from the anchor gNB. However, at this moment, only some SDT bearers have packet arrival at the UE side. So, the question is whether the step 10 is used to request context of all SDT bearers or request the context for the SDT bearers with packet arrival at the UE side. Intuitively, only the context for the SDT bearers with packet arrival is useful for the serving gNB. However, the SDT session will be stayed for a period, during which the packets of other SDT bearers may be arrived. If the context retrieve of each SDT bearer is triggered by the packet arrival, it will result in several signaling in both anchor gNB and serving gNB side. Thus, to save the signaling overhead, we propose:

Proposal 1-8: the context of all SDT bearers is retrieved via one XnAP procedure regardless of packet arrival at UE side or not. 
Step 11~end: those steps aim at providing SDT configuration to the serving gNB, and releasing UE when SDT session is ended. The important issue during these steps is which message is used for SDT configuration provision. 

· Sub-issue3: message for SDT configuration provision

 There are two options: 
Option 1 – existing message: RETRIEVE UE CONTEXT FAILURE is used to provide SDT configurations (e.g., SDT bearer information, UL tunnel information, low layer configuration, etc), while the Xn-U ADDRESS INDICATION is used to provide DL tunnel information

Option 2 – new message: as example, the new message can be SDT CONTEXT DELIVERY and SDT CONTEXT DELIEVERY COMPLETE message.  
In both options, the content for the two involved messages is the same. The main difference caused by the two options is about which node trigger the UE release after SDT session. In option 1, since the RRCRelease message is conveyed to the serving gNB-CU via RETRIEVE UE CONTEXT FAILURE message, the serving gNB-CU can decide the UE release by itself based on the SDT traffic. While in option 2, the UE release is determined by the anchor gNB-CU so that it can send the RETRIEVE UE CONTEXT FAILURE message when deciding to release UE. To make a choice, we need to analyze which node is the best entity to determine the UE release. In our understanding, the SDT traffic transmission is directly implemented at the serving gNB side, i.e., gNB-DU of serving gNB has the timely activity information for the SDT traffic. In particular, the F1AP UE INACTIVITY NOTIFICATION message can be used to indicate the activity of SDT bearers. Thus, the serving gNB is the best entity to decide UE release. Moreover, option 1 has less specification impact. 
Proposal 1-9: RETRIEVE UE CONTEXT FAILURE is used to provide SDT configurations (e.g., SDT bearer information, UL tunnel information, low layer configuration, etc), while the Xn-U ADDRESS INDICATION is used to provide DL tunnel information
2.2. RA-SDT with context relocation
In this case, the flow chart is given as below:
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Step 1~10: it is same as the RA-SDT without context relocation. 

Step 11: the anchor gNB-CU provides all UE context to the serving gNB-CU. Meanwhile, the small data bearers should be indicated to the serving gNB-CU, which is not supported in the legacy procedure.

Issue: The small data bearer indication

In legacy procedure, the forwarded UE context in RETRIEVE UE CONTEXT RESPONSE message contains the information of PDU session and QoS flow. However, there is no DRB information. To derive the SDT bearers, one possible way is to derive from the received RRC context (i.e., HandoverPreparationInformation). Another way is to enhance the RETRIEVE UE CONTEXT RESPONSE message by indicating the SDT bearer indications, e.g.,  the existing DRB to QoS Flow Mapping List IE can be added to RETRIEVE UE CONTEXT RESPONSE message by including the SDT bearer indication. The first way has no specification impact. So, we prefer to such option. 
Proposal 2-1: for RA-SDT with context relocation, the serving gNB can derive the SDT bearers based on the received HandoverPreparationInformation. 

Step 12~Step 13: the two steps are used to establish the context for SDT bearers. The serving gNB-CU can forward the HandoverPreparationInformation to the gNB-DU so that the low layer configurations of SDT bearers can be derived. 

Step 14~16:  the serving gNB-CU releases the UE when SDT session is ended. 
3 Conclusions
In this contribution, we discuss RA-SDT, and have the following proposals:
Proposal 1-1: in RA-SDT without UE context relocation, the small data forwarded between anchor gNB and serving gNB is RLC SDU. 
Proposal 1-2: the RA-SDT configuration contains the DL/UL tunnel information between anchor gNB and serving gNB for SDT bearers. 

Proposal 1-3: the RA-SDT configurations contain low layer configurations, e.g., RLC, logical channel, MAC, and PHY. An LS to RAN2 can be sent to clarify the details of MAC/PHY configurations for SDT.  

Proposal 1-4: the anchor gNB provides low layer configuration for SDT bearers to the serving gNB, and the signaling format can be selected based on the following two options:

· Option 1: lower layer configuration as RLCBearer-Config IE

· Option 2: lower layer configuration as CellGroupConfig with SDT bearer(s) only

Proposal 1-5: at anchor gNB side, the gNB-CU should query the low layer configurations for SDT bearers by indicating the SDT bearers, and as a response, the gNB-DU provides the low layer configuration of SDT bearers. 

Proposal 1-6: at serving gNB side, the gNB-CU should forward the SDT configurations , including the SDT bearer information (e.g., bearer ID, QoS), UL tunnel information, and low layer configurations. As a response, the gNB-DU should provide the DL tunnel information for each SDT bearers. 

Proposal 1-7: the additional assistant information can be provided from serving gNB to anchor gNB, which is derived from gNB-DU of serving gNB, to help decision make of UE context relocation. FFS on details of assistant information

Proposal 1-8: the context of all SDT bearers is retrieved via one XnAP procedure regardless of packet arrival at UE side or not.
Proposal 1-9: RETRIEVE UE CONTEXT FAILURE is used to provide SDT configurations (e.g., SDT bearer information, UL tunnel information, low layer configuration, etc), while the Xn-U ADDRESS INDICATION is used to provide DL tunnel information
Proposal 2-1: for RA-SDT with context relocation, the serving gNB can derive the SDT bearers based on the received HandoverPreparationInformation.
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