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Introduction
In RAN2 #111e meeting, several agreements were made when discussing the common aspects between RACH based scheme and preconfigured PUSCH resources based NR small data transmission.
Agreements 
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.  

During email discussion after the meeting, the control plane aspects have been discussed. In this paper, we would like to provide our view on some issues about the control plane aspects on NR small data transmission.
Discussion
Handling the cell reselection during T319 for SDT case.
In the email discussion [Post111-e][925][R17 Small Data] and [Post111-e][926][R17 Small Data], whether the T319 should be extended for uplink small data transmission in RRC_INACTIVE was discussed. 
In the legacy RRC resume procedure, T319 timer is used to detect the resume procedure failure. The timer starts when RRC resume request message is sent and UE expects to receive the response RRC message (i.e. RRC release, RRC resume, etc.) before T319 is expired. In the SDT procedure, the downlink response message in response to the uplink data may not be available to the serving gNB in time. Hence the current T319 timer setting is not suitable for the SDT case.
When downlink data is arrived at UPF, the downlink data should be first forwarded to anchor gNB and anchor gNB helps to forward downlink data to the serving gNB. Given the additional delay to wait for downlink data, gNB would delay sending the RRC release message together with downlink data to UE. Thus, the T319 should be extended to support receiving downlink data for both with and without anchor relocation case.
Given the diverse cases for reusing the RRC resume procedure, especially for involving completing the small data transfer and subsequent transmissions, the value of the T319 timer should be configurable. 
Proposal 1: T319 should be extended for uplink small data transmission in RRC_INACTIVE. The value of T319 can be configurable.
In current procedure, if T319 is running, the UE shall continue cell re-selection related measurements as well as performing cell re-selection evaluation. If cell re-selection occurs during T319 running, UE moves to RRC_IDLE. For the small data transfer scenario, the similar approach can be considered, i.e. UE moves to RRC_IDLE if cell re-selection occurs. We think there are several reasons. First, the small data transfer in RRC_INACTIVE will not take a long time. During the small data exchange between network and UE, the possibility of cell re-selection should be small. There should be large chance for UE to finish the small data transfer by using the configured resources in the camped cell.
Observation 1: Small data transmission in RRC_INACTIVE is not expected to take a long time and the possibility of cell re-selection during small data transfer should be small. 
Second, if UE needs to handle the cell re-selection while transmitting the uplink user data in RRC_INACTIVE, UE may temporarily stop the small data transfer before performing the cell re-selection procedure. After UE moves to RRC_IDLE and performs cell re-selection in a normal procedure, UE imitates to further transmit the rest of user’s small data in the new target cell, which seems to not result in data loss. Even the potential data loss happens, UE can recover the lost data from higher layers without any complexity and spec change. Thus, we believe it is simpler to leave it up to UE implementation to recover the lost data if any.
Observation 2: It can be left up to UE implementation to recover the lost data if any.
[bookmark: _GoBack]Some optimizations to keep UE in RRC_INACTIVE and recover the lost data during cell re-selection is proposed during email discussion. If UE implementation can already handle this scenario well, we’d like to keep the whole small data transmission procedure simpler and we think such optimizations may cause large complexity on both network and UE side. The target cell should have different resource configuration from the current camped cell in terms of bandwidth, reference signal, security and configured grant resource. It will largely impact UE small data transmission w/o appropriate configuration if keeping UE in RRC_INACTIVE during cell re-selection. Therefore, we propose to keep the legacy procedure, i.e. UE moves to RRC_IDLE when cell-selection happens during small data transmission. 
Observation 3: It may cause large complexity on both network and UE side to keep UE in RRC_INACTIVE and handle the data loss for uplink small data transmission during cell re-selection.
Proposal 2: As the legacy procedure, UE moves to RRC_IDLE when cell re-selection happens during small data transmission.

Context fetch with and without anchor relocation
For NR small data transmission, the RNA update procedure can be reused/extended to support small data transfer in RRC_INACTIVE with or without anchor relocation.
With anchor relocation
For anchor relocation case, the UE resumes from RRC_INACTIVE. The serving 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 feedback to the serving gNB with the Retrieve UE Context Response for providing the UE AS context, and keeps the UE in the RRC_INACTIVE. 
The first uplink small data is security protected with the same key as resumeMAC-I, transferred to anchor gNB for deciphering. If UE is verified successfully by anchor gNB, the anchor gNB delivers the uplink small data to 5GC. The UE context relocation is performed subsequently. The first uplink small data does not need to be stored in the serving gNB to wait for the UE context retrieval response, which causes unnecessary latency.
The path switch procedure is performed and the new N3 tunnel is built from serving gNB to UPF. After context retrieval to serving gNB, serving gNB sends UE with RRCRelease message with suspendConfig indication. Figure 1 shows an example on uplink small data transmission with anchor relocation.
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Figure 1 UL small data transmission with anchor relocation
When downlink data is arrived at UPF, the data can be forwarded to the serving gNB directly and transmitted to UE along with RRCRelease message. The subsequent uplink data transmission, if any, should be transmitted through serving gNB after anchor relocation.
Without anchor relocation
For without anchor relocation case, the UE AS context should be stored in the anchor gNB. The procedure is that the first uplink small data is transmitted in MSGA or msg3 with the old key from the previous connection when it was released. After receiving the first uplink small data in MSGA or msg3 in RACH procedure, serving gNB will help to forward user first small data to anchor gNB via Xn interface without path switch. The anchor gNB will decipher the first small data and help to forward user data to 5GC. 
Figure 2 shows an example on uplink small data transmission without anchor relocation.
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Figure 2 UL small data transmission without anchor relocation
It is anchor gNB’s responsibility to decide whether to forward the UE AS context or not to the serving gNB. If anchor gNB decides to keep the UE AS context in itself, it responds to the serving gNB with the Retrieve UE Context Failure message including an encapsulated RRCRelease message. Then the serving gNB forwards the RRCRelease message to the UE. The RRCRelease message includes the suspendConfig indication.
Proposal 3: The anchor gNB decides whether to forward the UE AS context or not to the serving gNB for UE uplink small data transfer in RRC_INACTIVE.
Based on the analysis above, it can be observed that the user first uplink small data could be delivered together with Retrieve UE Context Request to the anchor gNB instead of being stored in the serving gNB to wait for the UE-specific context (i.e. RLC configuration) to decode, which may cause further latency. The UE-specific RLC configuration in anchor gNB could be used to decode the forwarded user first uplink small data for both cases, i.e. with or without anchor relocation. 
Proposal 4: For both cases, i.e. with or without anchor relocation, the user first uplink small data can be sent together with the Retrieve UE Context Request to anchor gNB. 
The UE assistance information (i.e. small data request message) is introduced in [2], which could be sent together with CCCH message as well as the optional segmented uplink user data in MSGA or Msg3. When serving gNB receives the UE assistance information and if UE AS context is stored in the anchor gNB, the serving gNB could forward the UE assistance information together with user data to the anchor gNB. 
The UE assistance information is able to help the anchor gNB to decide whether to relocate UE AS context to the serving gNB or not and further decide to configure the configured PUSCH resource to allow UE subsequent data transmission. If the configured PUSCH resource is configured, UE will conduct the subsequent uplink data transmission and the data will be routed to 5GC by anchor gNB in the without anchor relocation case.
As proposed in [2], the UE assistance information should include not only the UE buffer status, but also the traffic pattern, i.e. one-shot traffic or multi-shot traffic. The UE buffer status can reflect the current data amount that UE may already have. The data stored in buffer is usually from a one-shot traffic. If UE’s traffic pattern is a multi-shot traffic, or a small data arrival with gaps, or more traffic data arrival after the first uplink transmission, it is helpful for the anchor gNB to make decision on whether to configure multiple UL resources one time for the subsequent data transmission and/or to decide whether to relocate the UE context for the potential UE subsequent data transfer.
Observation 4: It is beneficial for the anchor gNB to know if the UE needs more UL resources for subsequent data transmission after the first uplink small data transmission with UE assistance information. 
Figure 3 shows an example on UE subsequent uplink small data transmission with the UE assistance information (i.e. small data request message) contained in the Retrieve UE Context Request message.
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Figure 3 Subsequent UL small data transmission without anchor relocation
Proposal 5: The Retrieve UE Context Request message contains the UE assistance information requesting subsequent uplink small data transmission.

SDT type selection and threshold configuration
In the last meeting, it has been agreed that data volume threshold can be one of the criteria for UE to decide whether to perform small data transfer or not. Based on the agreement, if UE has potential larger amount data in the buffer than the data volume threshold, UE is not allowed to transmit small data in RRC_INACTIVE. UE should perform normal RRC resume procedure to move to RRC connected state to transmit the user data. 
In our view, the data volume threshold could be a configured TB size from network. The configured TB size can be broadcast from system information. Only if current user data is smaller than the configured TB size, UE is allowed to initial UL small data transmission on the configured resource.
Proposal 6: UE is allowed to initiate UL small data transmission based on the configured TB size threshold from network. 

Switch between SDT and normal resume procedure
In current 2-step RACH procedure, network indicates UE to fallback to retransmit MSGA payload if only preamble is decoded successfully while payload is not. If UE does not receive any response after transmits MSGA or the contention resolution is still not successful after MSGA payload retransmission in Msg3, UE has chance to go back to reattempt 2-step RACH by MSGA retransmission. For 4-step RACH procedure, if contention resolution is not successful, UE should go back to Msg1 to reattempt RACH. 
For RACH based small data transfer, the user uplink data is possibly transmitted in MSGA or Msg3 if certain criteria is met, i.e. data volume threshold. Given the relative larger size of user data (compared to the CCCH message) and unpredicted interference in the contention based PUSCH resource in MSGA or Msg3, it is possible that it is still difficult to decode the user’s data even after a certain number of payload retransmission in 2-step or 4-step RACH procedure.
Observation 5: 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 MSGA payload or Msg3 including user data in the contention PUSCH may cause potential large interference to other legacy RACH users or 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 and is inefficient.
Observation 6: It is inefficient for MSGA or Msg3 retransmission including user data with the same number of attempts of regular RACH. 
In that sense, a fallback mechanism should be introduced to allow UE fallback from transmitting small data to regular RACH procedure. Basically, after a number of RACH attempts including user small data, if RACH procedure is still not successful, UE should be allowed to fallback to finish the legacy RRC resume procedure first, then to initiate the small data transfer after the normal RACH procedure.
Proposal 7: Fallback mechanism from small data transmission to legacy RRC resume procedure should be supported.
A simple solution is to introduce a new counter threshold or timer for MSGA/Msg1 retransmission for small data transmission case. In regular RACH procedure, several parameters are configured for UE to control the RACH reattempts, such as the maximum value of MSGA retransmission or maximum value of preamble transmission. 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 RACH based small data transmission, a smaller maximum number of retransmission counter or timer can control UE to stop trying the small data transfer in time. This can help to avoid the waste of large radio resource of the failed user data retransmission in RACH procedure. Thus, if UE has already tried the user data transmission with the newly configured counter or timer, UE should fallback to finish the RRC resume procedure first and transmit the data after the legacy RRC procedure is finished.
Proposal 8: A new counter threshold or timer for MSGA/Msg1 retransmission is introduced for RACH based small data transmission.

Conclusion
We have the following observations:
Observation 1: Small data transmission in RRC_INACTIVE is not expected to take a long time and the possibility of cell re-selection during small data transfer should be small. 
Observation 2: It can be left up to UE implementation to recover the lost data if any.
Observation 3: It may cause large complexity on both network and UE side to keep UE in RRC_INACTIVE and handle the data loss for uplink small data transmission during cell re-selection.
Observation 4: It is beneficial for the anchor gNB to know if the UE needs more UL resources for subsequent data transmission after the first uplink small data transmission with UE assistance information. 
Observation 5: 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 6: It is inefficient for MSGA or Msg3 retransmission including user data with the same number of attempts of regular RACH. 
We’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1: T319 should be extended for uplink small data transmission in RRC_INACTIVE. The value of T319 can be configurable.
Proposal 2: As the legacy procedure, UE moves to RRC_IDLE when cell re-selection happens during small data transmission.
Proposal 3: The anchor gNB decides whether to forward the UE AS context or not to the serving gNB for UE uplink small data transfer in RRC_INACTIVE.
Proposal 4: For both cases, i.e. with or without anchor relocation, the user first uplink small data can be sent together with the Retrieve UE Context Request to anchor gNB. 
Proposal 5: The Retrieve UE Context Request message contains the UE assistance information requesting subsequent uplink small data transmission.
Proposal 6: UE is allowed to initiate UL small data transmission based on the configured TB size threshold from network. 
Proposal 7: Fallback mechanism from small data transmission to legacy RRC resume procedure should be supported.
Proposal 8: A new counter threshold or timer for MSGA/Msg1 retransmission is introduced for RACH based small data transmission.
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