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Introduction
RAN2 #116bis-e meeting made the following agreements related to UP common issues of SDT.
Agreements:
1. For both DRBs and SRBs configured with SDT, RAN2 confirm that at the time of SDT data volume calculation, there should be no buffered packets in PDCP/RLC entities that will not be transmitted during SDT procedure 
2. For DRBs configured with SDT, PDCP suspend is performed upon reception of RRCRelease message including suspendConfig so that PDCP PDUs are discarded, and PDCP SDUs already stored are considered in SDT data volume calculation. No specification change is needed. 
3. For both DRBs and SRBs configured with SDT, RLC entity should be re-established upon reception of RRCRelease message including suspendConfig 
4. For both DRBs and SRBs configured with SDT, the UE autonomously re-establishes RLC entities for both DRBs and SRBs upon reception of RRCRelease message including suspendConfig 
5. RB level restriction (e.g. sdt-DRB-List) is applied for both CG-SDT and RA-SDT. For CG-SDT, existing LCH restriction (i.e. configuredGrantType1Allowed or allowedCG-List) can be further applied. 
6. For CG-SDT resource validation, the UE compares the RSRP at the time of initiating CG-SDT procedure with the RSRP stored at the time when RRCRelease message is received 
7. As baseline, the CG-SDT-TAT is stopped when a) UE enters RRC connected, and b) UE receives RRC Release at the end of SDT procedure and RRC Release does not include/configure CG resources.  FFS if there is any impact to this agreement as a result of delta signalling
8. The CG-SDT-TAT does not stop at initiation of CG-SDT procedure 
9. The CG-SDT-TAT does not stop at initiation of RA-SDT procedure 
10. The CG-SDT-TAT does not stop at initiation of legacy RA procedure
11. The logicalChannelSR-DelayTimer is supported and configurable by SIB.  All logical channels configured with SDT are configured with a same timer value.  The logicalChannelSR-Mask is supported. 
12. The size of CCCH message is not considered in SDT data volume calculation 
13. If contention resolution fails during RA procedure (for both legacy RA and RA-SDT), the UE restores the NTA value used before RAR TAC is received 
14. FFS and leave it to rapporteur If RAR TAC is received during RA-SDT procedure, the CG-SDT-TAT restarts at successful contention resolution 
15. FFS and leave it to rapporteur If RAR TAC is received during legacy RA procedure, the CG-SDT-TAT restarts at successful contention resolution 
16. FFS for SRBs, whether to discard PDCP SDUs upon reception of RRCRelease message including suspendConfig

RAN2 #116bis-e meeting further made the following agreements related to CG-SDT.
Agreements:
1 RSRP-based TA validation is only applicable for initial CG-SDT and not needed for retransmission of the initial CG-SDT. 
2	No additional NTA is defined for CG-SDT procedure
3	Upon expiry of CG-SDT-TAT , UE should (a) clears all SDT configured grant, (b) flushes HARQ buffer and (c) continue to maintain NTA. 
4    Stick to the previous agreement: subsequent new transmission on CG-SDT is supported. Support ACK for first TB by dynamic scheduling of uplink new transmission for the same HARQ process (like legacy, no new mechanisms).  
5	For subsequent TB on CG, UE initiated retransmission is not supported.   Dynamic scheduling can be supported like legacy. 
6	Subsequent downlink transmission can serve as an implicit acknowledgement for initial CG-SDT but not for subsequent CG-SDT.
7	ConfiguredGrantTimer is reused for CG-SDT for prohibiting the HARQ process for new uplink transmissions
8	Do not perform SSB reselection for retransmission for initial CG-SDT
9 	CS-RNTI for CG-SDT is provided to the UE in RRCRelease message.
10	UE does not perform UL carrier reselection for subsequent CG-SDT transmission over CG-SDT resources within one CG-SDT procedure
11	Once a UL carrier is selected for a specific CG-SDT transmission, the UE should perform autonomous retransmission on the same uplink carrier on initial CG
12	There is no restriction on the candidate values of CG period.  FFS on values for CG periods and time offset 
13	 Do not support multiple CG occasions per CG period.  
14  If (a) the thresholds for SSB selection and SSB subset selection for TA-validation are different and (b) the highest beam measurement is below the configured threshold, the beam with the highest beam measurement value is used for TA validation
15	CG-SDT timer for initial transmission should be stopped when PDCCH addressed to C-RNTI and CS-RNTI is received.  When timer expires the UE is allowed to retransmit for initial CG.  CG-SDT is used for controlling retransmissions
16 	UE does not use RA-SDT resources during ongoing CG-SDT session 

In this paper, we would like to discuss the remaining issues on UP aspects of SDT and provide our views.
Discussion
TAT timer in SDT
In RAN2 #116bis-e meeting, several agreements were made regarding how to use TAT-SDT timer and legacy TAT timer in CG-SDT and RA-SDT. There are remaining issues on how to handle the TAT-SDT timer at successful contention resolution if RAR TAC is received during RA-SDT or legacy RA procedure.
During RA-SDT, the TA maintenance could be similar as legacy RACH which has less spec. impact. That is UE applies TA command and update NTA value after contention resolution is considered successfully. The legacy TAT starts or restarts when TA command is received (already agreed). If TAT-SDT timer is running, it can stop. The TAT-SDT timer starts or restarts when UE receives the RRCRelease message at the end of the whole SDT session. Thus, we have the following proposals.
Proposal 1: In RA-SDT, UE applies TA command and update NTA value after contention resolution is considered successful (same as legacy). The legacy TAT timer starts or restarts when TA command is received and TAT-SDT timer stops if running.
When UE switch to legacy RACH in the subsequent SDT phase, UE may or may not have valid TA. In the legacy RACH procedure, UE receives the TA command in the Msg2 or MSGB. Similar to the legacy RACH behavior, UE applies TA command to update NTA value after contention resolution is considered successful. The normal TA timer (re)starts as the legacy after the NTA value is updated. If TAT-SDT timer is still running, it can stop. The intention is that only one TA timer is for the TA maintenance at one given time. Thus, we have the following proposal. 
Proposal 2: After UE switch to normal RACH from CG-SDT, UE applies TA command and update NTA value after contention resolution is considered successful. The legacy TAT timer starts or restarts when TA command is received and TAT-SDT timer stops if running.
Another remaining issue is that which TA timer should be used and how to handle the NTA value when UE receives the RRC resume message to transition to RRC_CONNECTED state. In our understanding, since TAT-SDT timer is introduced for SDT, it is not desirable to use TAT-SDT timer to perform TA maintenance when UE in the RRC_CONNECTED state. In that sense, it is preferrable for UE to start the normal TA timer and stop the TAT-SDT timer. The existing NTA value should be applied unless UE receives the new TA command in or after RRC resume message.
Proposal 3: When UE receives the RRC resume message in SDT, TAT-SDT timer stops if running, and normal TA timer starts. The existing NTA value is applied unless UE receives the new TA command.

Re-evaluate the SSB for every CG transmission
In RAN2 #115e meeting, it has been agreed that UE has to re-evaluate the SSB for every CG transmission during the subsequent data phase. Such SSB re-evaluation for every CG transmission is for the purpose of CG resource selection. 
In some cases, it should be noted that UE may not finish evaluating the beam before the next CG occasion or there is no qualified CG SSBs. If UE is configured with periodical CG resources, a necessary condition for UE to perform SSB evaluation before each CG transmission would be: SSB is transmitted within each period of CG resource. Otherwise, UE has nothing to measure between two adjacent CG occasions. Furthermore, UE usually needs to take certain time to perform the beam evaluation and calculate the qualified one which should be defined in RAN4. If UE does not finish SSB evaluation or cannot find a qualified SSB when the next CG occasion is coming, it is worse for UE to stop CG-SDT or report SDT failure.
Observation 1: In some cases, it is possible there is no valid SSB available to be evaluated before each CG transmission and/or UE may not finish evaluating the beam before the next CG occasion. 
It should be noted that a Note is already specified in the RA resource selection, i.e., 5.1.2 section of MAC spec [1], NOTE 1: When the UE determines if there is an SSB with SS-RSRP above rsrp-ThresholdSSB or a CSI-RS with CSI-RSRP above rsrp-ThresholdCSI-RS, the UE uses the latest unfiltered L1-RSRP measurement. 
Considering the Note above and to resolve the issue above, we believe the similar approach can be applied for the SSB evaluation in CG case. That is the latest SSB should be allowed to use for performing the next CG transmission if no valid SSB available and/or UE has not finished the SSB evaluation. Thus, we have the following proposals.
Proposal 4: If no valid SSB available to be evaluated and/or UE hasn’t finished the SSB evaluation before the next new CG transmission, UE should be allowed to use the latest SSB to perform the next CG transmission.

Switching from 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 2: 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 3: 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 5: UE is allowed to switch from RA-SDT to normal RACH if the initial transmission has been failed for a configured number of times.

Switching from CG-SDT to legacy RACH
RAN2 #113bis-e has agreed switching from SDT to non-SDT should be supported. In RAN2 #115e meeting, it was further agreed that UE can initiate at least legacy RACH procedure (e.g., due to no UL resources) during the subsequent CG transmission phase. The MAC PDU rebuilding is not required in the SDT. 
In addition to lack of UL resource when SR is triggered, there are other conditions that may trigger legacy RACH procedure in the subsequent CG transmission phase. For example, invalid TA, if TA is invalid in the subsequent CG transmission phase, UE can acquire TA in time in the RACH. The switching mechanism could help UE to re-synchronize with network quickly in the RACH procedure and UE has chance to finish the data transfer with a shorter latency and reduced signaling overhead. If switching mechanism is not allowed, the failure handling mechanism will be triggered if small data failure event is identified. This would lead to transition of RRC state and/or involve more complicated signaling and further increase the small data transfer latency. Thus, we have the following observations.
Observation 4: Allowing UE to switch to initiate RACH procedure from the CG-SDT could help UE to finish the small data transfer with shorter latency and lower signaling overhead. 
When small data transfer is in the subsequent CG-SDT phase, network should already receive the RRC resume request message in the CG-SDT initial phase. If UE is allowed to switch to RACH, it is not desirable for UE to re-send the RRC resume request message again in the following RACH procedure. Otherwise, there might be security issue that needs to require SA3 for further discussion and cause unnecessary complexity. In the CG-SDT configuration, C-RNTI for PDCCH monitoring should be already provided in RRC release message. When UE switch to RACH, the C-RNTI MAC CE and/or BSR MAC CE can be contained in the RACH procedure as the UE identity in MSGA or Msg3.
Proposal 6: For the following RACH switched from CG-SDT in the subsequent phase, RRC resume request message is no need to be sent within the RACH, instead C-RNTI MAC CE and/or BSR MAC CE can be sent via RACH procedure.
One remaining issue is whether UE is allowed to switch from CG-SDT to RA-SDT during the initial CG transmission phase. During the initial phase of CG-SDT, the first UL message contains the RRC resume request message along with the user data. It is possible that the first message cannot be received after retransmission, or after a configured number of failed retransmissions. In this case, UE can switch to RACH based SDT to further transfer small data to network if the RA-SDT criteria can be met. UE could have chance to evaluate the best beam from other sets of SSB configured for RA-SDT which might not be available for the CG resource. It is also beneficial for UE to avoid waiting for a relative long time for SDT failure detection timer expiration. After UE switch to RA-SDT, UE re-sends the first UL message containing RRC message, BSR MAC CE and user data to network. Network can decide to schedule UE with more UL resource by dynamic grant or transition UE to RRC_CONNECTED state. Thus, we have the following proposals.
Proposal 7: UE should be allowed to switch to RACH based SDT (if RA-SDT criteria is met) when the first UL message is not successfully received in the initial phase of CG-SDT.

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 5: 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 6: 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 8: An offset should be introduced for the start of the response window which applies to RACH based small data transmission. 
Proposal 9: A different monitor/response window timer should be introduced which applies to RACH based small data transmission.

Conclusion
We have the following observations, and we’d recommend RAN2 to discuss and adopt the following proposals:
TAT timer in SDT
Proposal 1: In RA-SDT, UE applies TA command and update NTA value after contention resolution is considered successful (same as legacy). The legacy TAT timer starts or restarts when TA command is received and TAT-SDT timer stops if running.
Proposal 2: After UE switch to normal RACH from CG-SDT, UE applies TA command and update NTA value after contention resolution is considered successful. The legacy TAT timer starts or restarts when TA command is received and TAT-SDT timer stops if running.
Proposal 3: When UE receives the RRC resume message in SDT, TAT-SDT timer stops if running, and normal TA timer starts. The existing NTA value is applied unless UE receives the new TA command.
Re-evaluate the SSB for every CG transmission
Observation 1: In some cases, it is possible there is no valid SSB available to be evaluated before each CG transmission and/or UE may not finish evaluating the beam before the next CG occasion. 
Proposal 4: If no valid SSB available to be evaluated and/or UE hasn’t finished the SSB evaluation before the next new CG transmission, UE should be allowed to use the latest SSB to perform the next CG transmission.
Switching from RA-SDT to non-SDT (legacy RRC resume)
Observation 2: 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 3: It is inefficient for MSGA or Msg3 retransmission including user data with the same number of attempts of regular RACH. 
Proposal 5: UE is allowed to switch from RA-SDT to normal RACH if the initial transmission has been failed for a configured number of times.
Switching from CG-SDT to legacy RACH
Observation 4: Allowing UE to switch to initiate RACH procedure from the CG-SDT could help UE to finish the small data transfer with shorter latency and lower signaling overhead. 
Proposal 6: For the following RACH switched from CG-SDT in the subsequent phase, RRC resume request message is no need to be sent within the RACH, instead C-RNTI MAC CE and/or BSR MAC CE can be sent via RACH procedure.
Proposal 7: UE should be allowed to switch to RACH based SDT (if RA-SDT criteria is met) when the first UL message is not successfully received in the initial phase of CG-SDT.
RACH monitoring enhancement for SDT
Observation 5: Network needs more time to decode user data contained in MSGA/Msg3 than the legacy RACH users.
Observation 6: 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 8: An offset should be introduced for the start of the response window which applies to RACH based small data transmission. 
Proposal 9: A different monitor/response window timer should be introduced which applies to RACH based small data transmission.
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