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Introduction
In RAN2 #115e, several agreements were made related to RACH based SDT.
	Agreements
1. SDT related RACH resources are configured via system information, i.e., SIB1
2. Explicit indication (other than RA-SDT configuration) to enable/disable RA-SDT is not supported
3. At least the following parameters can be RA-SDT specific. 
· SSB selection related parameters, i.e., rsrp-ThresholdSSB, msgA-RSRP-ThresholdSSB.
· Power control related parameters, i.e., preambleReceivedTargetPower/gA-PreambleReceivedTargetPower, powerRampingStep/msgA-PreamblePowerRampingStep,  msg3-DeltaPreamble/msgA-DeltaPreamble. 
· Preamble group related parameters, i.e., msg3-DeltaPreamble/msgA-DeltaPreamble, messagePowerOffsetGroupB for 2-step RA-SDT and 4-step RA-SDT. 
4.  For shared ROs case, all the following configurations can be allowed: (28/28)
· 4-step RA-SDT shares ROs with 4-step RA and/or 2-step RA
· 2-step RA-SDT shares ROs with 4-step RA and/or 2-step RA
· 2-step RA-SDT shares ROs with 4-step RA-SDT and/or 4-step RA and/or 2-step RA.
5. For the RA-SDT preamble group selection, the UE should consider SDT data size plus MAC subheader in addition to CCCH SDU size plus MAC subheader and pathloss, same in legacy.  FFS whether any additional things on top of legacy criteria is needed.  
6. The fallbackRAR reception as legacy 2-step RACH is supported in 2-step RA-SDT, i.e., fallback from 2-step RA-SDT to 4-step RA-SDT when fallbackRAR is received
7. As legacy, UE can be configured to switch from 2-step RA-SDT to 4-step RA-SDT after N times of MsgA transmission
8. Send an LS to RAN1 to provide overall relevant agreements.  Check if the PUCCH resources used for HARQ-ACK during subsequent SDT transmissions (applicable for both RA and CG).  Ask if other L1 PHY resources may be needed for subsequent SDT transmission, for example RAN2 thinks we can use the common resources (PDCCH and PUCCH) for RA and ask if we need others.   
· Add that RAN2 discussed RA-SDT configuration on non-initial BWP.  There was a large number of companies supporting and other companies expressed concerns on complexity and paging monitoring.  Ask RAN1 if they have any concerns from their side.  NOTE that RAN2 agreed for CG-SDT we already agreed to dedicated BWP and why we decided to support it. 
9. UE suspends all UL transmissions and triggers RACH if any UL transmission is needed (same as in connected mode) when TAT expires during RA-SDT procedure
10. RA-SDT can be configured on initial BWP.  FFS for non-initial BWP
11. RA prioritization related parameters cannot be configured for RA-SDT, i.e., powerRampingStepHighPriority, scalingFactorBI
12. UE selects any SSBs if there is no qualified SSB for RA-SDT, like in legacy.  No optimizations are considered.  
13. Switching from SDT to non-SDT via RAR/fallbackRAR/DCI sent by network is not supported for RA-SDT
14. No new timer (other than the SDT failure detection timer) is introduced to control the PDCCH monitoring during subsequent transmissions in RA-SDT



In this paper, we would like to discuss more details specific to the RACH based SDT and provide our view.
Discussion
Switching between RA-SDT to non-SDT (legacy RRC resume)
RAN2 #113bis-e meeting has agreed that switching from SDT to non-SDT should be supported. For network-based solution, network can send RRC Resume message and UE may receive the indication from network to switch to non-SDT procedure. For UE based solution, one possible solution is to support switching when there are number of times of failed initial uplink transmission.
In Rel-16 2-step RACH procedure, network indicates UE to retransmit MSGA payload by fallbackRAR if only preamble is decoded while payload is not. If UE still cannot receive any response after transmits MSGA or the contention resolution is still not successful after MSGA payload retransmission in Msg3, UE has chance to reattempt 2-step RACH. For 4-step RACH procedure, if contention resolution is not successful, UE should go back to Msg1 to reattempt RACH. 
For RA-SDT, the uplink data can be transmitted in MSGA or Msg3 if RA-SDT criteria are met, i.e. data volume threshold or RSRP threshold. Given the relative larger size of user data (compared to the CCCH) and unpredicted interference in the contention based PUSCH resource in MSGA or Msg3, it is possible the user small data is still failed to send to network after a certain number of payload retransmission in 2-step or 4-step RACH procedure.
Observation 1: It may be still difficult to decode the user data for network even after a number of payload retransmission in 2-step or 4-step RACH procedure.
Furthermore, the retransmitted user data in the contention based PUSCH may cause potential large interference to the legacy RACH users or other small data users. UE will endure a large latency for user data transferring during MSGA or Msg3 retransmission which obviously wastes radio resource and user power which is obviously inefficient.
Observation 2: It is inefficient for MSGA or Msg3 retransmission including user data with the same number of attempts of regular RACH. 
A simple solution is to allow UE to switch to non-SDT (normal RACH) procedure if initial UL transmission (in MSGA/Msg3) fails for a configured number of timers. In the normal RACH, several parameters can be already configured for UE to control the number of RACH reattempts, such as the maximum value of MSGA retransmission. In legacy, when the number of retransmissions reaches the configured maximum value, UE is expected to switch to another type of RACH or report failure. 
For the RA-SDT, such parameter can be configured with SDT specific value so that UE can control to stop performing SDT in time. This can help to avoid the waste of radio resources of the failed user data retransmission in RACH procedure, especially when network cannot provide any response during the SDT procedure. Thus, if UE has already performed the user data transmission with the newly configured counter or timer, UE should fallback to perform normal RACH procedure first and transmit the data after transition to the RRC_CONNECTED state.
Proposal 1: UE is allowed to switch from RA-SDT to normal RACH if the initial transmission has been failed for a configured number of times.

RACH monitoring enhancement for SDT
For RACH based SDT, when RACH is performed, a significant amount of power is spent on monitoring the response messages. The UE has to check PDCCH every slot whether there is a response to its transmission (Msg2/Msg4 in 4-step RACH) and msgB in 2-step RACH.
For regular UEs and traffic, such power consumption is not an important issue considering the overall activity. However, for IoT type devices (i.e. RedCap UE), the above power can dominate their overall consumption. This is especially the case when “small data” transmission is used, where the UE occasionally sends a small amount of data and goes back to sleep (e.g. sensors, meters). 
Since the SDT and non-SDT users will be configured with different RACH resources, network distinguishes SDT users by detecting the RACH occasions and partitioned preambles. When network detects the SDT users successfully and receives the small data, network needs more time to decode user data due to the larger payload size of user data compared to the CCCH message. Furthermore, considering fetching UE-specific RLC configuration to decode the first user data in the serving gNB, it should give network more flexibility to take more time to response to SDT users.
Observation 3: Network needs more time to decode user data contained in MSGA/Msg3 than the legacy RACH users.
In addition, since network has to require additional time to fetch the RLC configuration from the anchor gNB and to decode the potential larger payload size, it is beneficial to allow UE starting a little late to monitor the network response for saving UE power. The duration of the response window could be also be limited which could be different from the one configured for the legacy RACH user. The network could determine the different monitoring time for the SDT users based on detecting the different RACH occasions and partitioned preambles. 
Observation 4: It is beneficial for saving UE power if UE could start a little late to monitor the network response within a shorter response window.
Meanwhile, Rel-17 NTN study has already agreed to have an offset to be applied to the start of RAR response window as well as to the start of contention resolution timer for NTN scenarios, which is needed due to the large latency to the satellites. Since it is similar to the small data handling by network, we believe a common solution could be introduced. Thus, we have the following proposal.
Proposal 2: An offset should be introduced for the start of the response window which applies to RACH based small data transmission. 
Proposal 3: A different monitor/response window timer should be introduced which applies to RACH based small data transmission.

Context fetch with and without anchor relocation
For anchor relocation case, UE resumes from RRC_INACTIVE. The receiving gNB, if able to resolve the gNB identity contained in the I-RNTI, should send the Retrieve UE Context Request to the anchor gNB and the anchor gNB feed back to the receiving gNB with the Retrieve UE Context Response to provide the UE AS context, and keeps the UE in the RRC_INACTIVE. 
The user small data should be security protected with the same key as resumeMAC-I and could be transferred to anchor gNB for deciphering when the UE’s context relocation is retrieved successfully. If UE is verified successfully by anchor gNB, the anchor gNB delivers the data to 5GC. 
The path switch procedure is performed, and the new N3 tunnel is built from receiving gNB to UPF. After context retrieval to receiving gNB, receiving gNB sends UE the RRC release with suspendConfig indication. When downlink data is arrived at UPF, the data can be forwarded to the receiving gNB directly and sent to UE along with RRC release message. The subsequent uplink data transmission, if any, should be sent through receiving gNB to UPF after anchor relocation.
Basically, the RNA update procedure with UE context relocation could be reused in principle for the RACH based SDT with anchor relocation case.
Proposal 4: The RNA update procedure with UE context relocation could be reused in principle for the RACH based SDT with anchor relocation case.
For without anchor relocation case, in which node and how to process the uplink data and subsequent data transfer should be specified since the UE context is stored in the anchor gNB. In last RAN2 meeting, RAN2 has sent LS [1] to RAN3 to confirm the agreement that RLC configuration used for SDT is based on UE stored configuration, and RAN2 assumption is that the RLC PDU will be processed in the receiving gNB (i.e. MAC is in the same node as RLC). It is also RAN2 understanding that it is up to RAN3 to make final decision on handling the RLC PDU. RAN3 should inform RAN2 if RAN3 has another solution.
According to the RAN2 assumption, one option is that the first uplink data might be stored in the receiving gNB waiting for the UE-specific RLC configuration to be temporarily relocated from the anchor gNB. Then PDCP PDUs are forwarded in Xn tunnels. In fact, this option violates the intention of ‘without anchor relocation’. The procedure has to retrieve at least parts of UE context (i.e. RLC configuration) through the Retrieve UE Context Message so that the receiving gNB is able to establish RLC entity to decode the RLC PDU. Further, this option causes additional latency to decode the first packet and unnecessary signaling overhead which is inefficient especially if the case is that UE’s uplink traffic is only one single small packet. The whole flow should also consider combining with non-relocation of full UE context which currently is possible contained in the Retrieve UE context Failure message.
In our view, if the user traffic is only one single UL packet, the simplest scheme should be to forward the first UL packet with the Retrieve UE Context Request message directly to anchor gNB once the receiving gNB gets this packet, and the anchor gNB makes decision to perform anchor relocation or partial anchor relocation (i.e. RLC configuration) or other actions. 
Since the procedure and solution has big impacts on RAN3 protocol and architecture and it is obviously under RAN3 scope, the final decision should be made by RAN3. 
Observation 5: The scheme of relocating UE-specific RLC configuration causes additional latency to decode the first packet and unnecessary signaling overhead especially if the case is that UE’s uplink traffic is only one single small packet. 
Regarding the context fetch procedure, no matter with anchor relocation or without anchor relocation case, we think it should be anchor gNB’s responsibility to decide whether to forward the UE context to the receiving gNB or not. If anchor gNB decides to keep the UE context in itself, it responds to the receiving gNB with the Retrieve UE Context Failure message including an encapsulated RRC release message. Then the receiving gNB forwards the RRC release with suspend config to the UE. 
Proposal 5: The anchor gNB decides whether to forward the UE context to the receiving gNB for UE SDT in RRC_INACTIVE.
The UE assistance information (or CG resource request message) is introduced in [2], which could be sent together with CCCH message as well as the user data in MSGA or Msg3. The receiving gNB forwards the assistance information to the anchor gNB which could help the anchor gNB to decide whether to relocate UE context and determine to transition UE RRC state. 
Observation 6: It is beneficial for the anchor gNB to decide the UE context relocation and UE RRC state transition based on the assistance information. 
Proposal 6: The Retrieve UE Context Request message contains the assistance information provided by the serving gNB. It can be up to RAN3 to decide the details.

BWP configuration for RA-SDT
In latest RAN1 LS [3], it replies that ‘It’s RAN1’s common understanding that RA-SDT resource cannot be configured on non-initial BWP.’ Since RAN2 only agreed that RA-SDT can be configured on initial BWP, and the non-initial BWP is FFS, RAN2 can conclude that RA-SDT can be configured on initial BWP only in Rel-17.
Proposal 7: RAN2 confirm that RA-SDT resource can be configured on the initial BWP only in Rel-17.
Conclusion
We have the following observations and, we’d recommend RAN2 to discuss and adopt the following proposals:
Switching between RA-SDT to non-SDT (legacy RRC resume)
Observation 1: It may be still difficult to decode the user data for network even after a number of payload retransmission in 2-step or 4-step RACH procedure.
Observation 2: It is inefficient for MSGA or Msg3 retransmission including user data with the same number of attempts of regular RACH. 
Proposal 1: UE is allowed to switch from RA-SDT to normal RACH if the initial transmission has been failed for a configured number of times.
RACH monitoring enhancement for SDT
Observation 3: Network needs more time to decode user data contained in MSGA/Msg3 than the legacy RACH users.
Observation 4: It is beneficial for saving UE power if UE could start a little late to monitor the network response within a shorter response window.
Proposal 2: An offset should be introduced for the start of the response window which applies to RACH based small data transmission. 
Proposal 3: A different monitor/response window timer should be introduced which applies to RACH based small data transmission.
Context fetch with and without anchor relocation
Proposal 4: The RNA update procedure with UE context relocation could be reused in principle for the RACH based SDT with anchor relocation case.
Observation 5: The scheme of relocating UE-specific RLC configuration causes additional latency to decode the first packet and unnecessary signaling overhead especially if the case is that UE’s uplink traffic is only one single small packet. 
Proposal 5: The anchor gNB decides whether to forward the UE context to the receiving gNB for UE SDT in RRC_INACTIVE.
Observation 6: It is beneficial for the anchor gNB to decide the UE context relocation and UE RRC state transition based on the assistance information. 
Proposal 6: The Retrieve UE Context Request message contains the assistance information provided by the serving gNB. It can be up to RAN3 to decide the details.
BWP configuration for RA-SDT
Proposal 7: RAN2 confirm that RA-SDT resource can be configured on the initial BWP only in Rel-17.
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