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1. Introduction
Small Data Transmission in RRC INACTIVE topic was discussed during the previous meetings where numerous agreements were made for CG-SDT. In this paper, we discuss further aspects for the small data transmission with CG-based scheme.
2. Discussion on CG-SDT
2.1	HARQ ID determination and AUL
In RAN2#113bis-e, RAN2 agreed to support multiple HARQ processes for CG-SDT. With respect to that, RAN2 needs to further discuss the way for the HARQ ID determination for CG-SDT resource as there were two types of determination introduced in Rel-16: one for NR-U where the UE implementation selects the HARQ ID for each CG transmission and the other one is based on the formula from Rel-15 where each CG resource is associated with a specific HARQ ID as mentioned below.
	For configured uplink grants neither configured with harq-ProcID-Offset2 nor with cg-RetransmissionTimer, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
For configured uplink grants with harq-ProcID-Offset2, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
where CURRENT_symbol = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8].
[bookmark: _Hlk23499210][bookmark: _Hlk23787129]For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation select an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. The UE shall prioritize retransmissions before initial transmissions. The UE shall toggle the NDI in the CG-UCI for new transmissions and not toggle the NDI in the CG-UCI in retransmissions.


As a baseline, we think the HARQ ID determination based on the formula can be used for CG-SDT. The NR-U option can be considered if autonomous retransmission is supported for CG-SDT. 
[bookmark: OLE_LINK78]Proposal 1: As a baseline, the current HARQ process ID formula determination is reused for CG-SDT resource and HARQ process ID association. 
In email discussion for RAN2#113, the company’s view on autonomous retransmission are summarized by below.
	Within the companies who have replied: 
· 13 companies replied with “Yes” that they think autonomous retransmission can be adopted for CG-SDT. Some think that autonomous retransmission can be beneficial for BFR and only useful for initial transmission. 
· 11 companies replied with “No” and think there is no significant benefits in licensed spectrum. They think that autonomous retransmission is mainly for combating the impacts of LBT in NRU and deprioritized grants in IIoT. While for CG-SDT, there is no such use case.


However, this has not yet been treated by online meeting since RAN2#113. Since the views are half-to-half, we think autonomous retransmission can be de-prioritized in rel-17. 
Proposal 2: Autonomous retransmission for SDT is de-prioritized in Rel-17.
2.2	CG-SSB mapping
2.2.1	Reconfiguration of CG-SSB mapping
The following has been included in the LS from RAN1 R1-2106335 for the association between SSBs and CG resources for CG-SDT
	Association between SSBs and CG resources for CG-SDT
RAN1 has further discussed the association between SSBs and CG resources for CG-SDT, and the following agreements have been achieved. RAN1 will continue working on the details of the association.
	In RAN1#104b-e
· It is RAN1’s common understanding that the CG configuration mechanism in licensed band can be reused for CG-SDT in principle.
· CG resources per CG configuration are associated with a set of SSB(s) configured by explicit signalling. 
· FFS how to define an SSB-to-PUSCH resource mapping within the CG configuration.
· FFS specific changes to the CG configuration to support the additional SSB-to-PUSCH mapping, if any.
In RAN1#105-e
· The SSB-to-PUSCH resource mapping within the CG configuration is implicitly defined. 
· The ordering of the SSB and CG PUSCH resources are to be captured in RAN1 spec. 
· A PUSCH resource refers to a transmission occasion and a DMRS resource used for PUSCH transmission
· The ordering of the SSB can reuse from the SSB-to-RO mapping
· The ordering of CG PUSCH resources can reuse from that of MsgA PUSCH as much as possible
· FFS determination of mapping ratio and association period, e.g., explicitly signaled or implicitly derived
· FFS any limitation on the combination of the parameters for CG resources






RAN1 agreed that “CG resources per CG configuration are associated with a set of SSB(s) configured by explicit signaling”. Since gNB may not map all the SSBs to CG configurations in order to reduce the number of reserved resources, it may happen that a UE may move out of the coverage of SSBs mapped with CG configurations. We think it would be beneficial to have a possibility of reconfiguring the CG-SDT resources and their mapping to SSBs during subsequent data phase of SDT to account for UE mobility within a cell. 
[bookmark: OLE_LINK82]Proposal 3: The network should be able to reconfigure CG-SDT resources and the mapping between CG configuration(s) and SSBs during subsequent transmission phase of the SDT procedure.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]2.2.2	CG configuration and grant utilization
Based on current MAC specification, all type 1 CG resources on both NUL and SUL except for NR-U are considered as separate activated grants for new transmission to construct a MAC PDU without any SSB selection as mentioned below. The DL beam maintenance mainly relies on beam management procedure, i.e. UE periodically sends CSI including beam index to network and network sends TCI state indication for updating the DL beam to UE. For UL beam, the UE sends SRS for UL management with SRI indication in the DCI.
	For each Serving Cell and each configured uplink grant, if configured and activated, the MAC entity shall:
xxx
2>	if, for the corresponding HARQ process, the configuredGrantTimer is not running and cg-RetransmissionTimer is not configured (i.e. new transmission):
3>	consider the NDI bit for the corresponding HARQ process to have been toggled;
3>	deliver the configured uplink grant and the associated HARQ information to the HARQ entity.



Introducing beam management over RRC inactive would cause more power consumption. Hence in order to let network know the good DL beam as well, enhancements for CG-SDT have been agreed so far. RAN1 agreed each CG configuration can be associated with a set of SSBs and further agreed within one configuration, each CG resource can be implicitly associated with a SSB from the configured SSB set, similarly as the association between RO and MSGA PO. RAN2 agreed CG-SDT resource can be separately configured on both carriers and also agreed to select a SSB with RSRP above threshold and a UL carrier at initiation of CG-SDT procedure and use CG resource associated with the selected SSB and selected UL carrier to send first SDT data so that the network can be made aware the good DL beam and the UL carrier based on the CG resource selected for SDT transmission. 
When processing the activated grants in a CG configuration as mentioned above, it is worth being kept in mind is there are some grants from the CG configuration even or from other CG configuration which are not associated with the selected SSB and the selected UL carrier. For those grants, we think the UE shall consider them to be invalid for MAC PDU construction during subsequent transmission phase. 
Proposal 4: For CG configuration not associated with the selected SSB and the selected UL carrier, the UE should suspend the CG configuration and it is resumed when the associated SSB is selected. 
[bookmark: _GoBack]Another point that we would like to raise is that, as agreed by RAN1 previously, for the CG occasions under one CG configuration, it can be mapped to different SSBs. Then, under a certain CG occasion, if the CG occasion is not mapped to the selected SSB, the grant should not be generated and submitted to the HARQ entity. 
Proposal 5: For the selected CG configuration, only the UL grant generated on the CG occasion corresponding to the selected SSB should be delivered to the multiplexing and assembly entity. 
Another point we would like to point out is whether to re-evaluate CG grant validation during subsequent transmission phase. We believe it depends on whether to reselect SSB which was covered in POST email discussion for RAN2#115. If RAN2 agree to reselect SSB for subsequent data, UE should re-evaluate CG configuration and the CG UL grant for subsequent data as well. 
2.3	TA aspects
2.3.1	Configuration for RSRP change based TA validation
[bookmark: OLE_LINK67]As RAN1 informs in the reply LS for TA validation R1-2106335, RAN1 has identified potential options for RSRP change thresholds but would like RAN2 to decide how the thresholds are configured.
	TA validation
RAN1 has further discussed how to define the SSB subset for RSRP based TA validation. It is concluded that the SSB subset is determined at least based on a configured absolute RSRP threshold. However, there remains some FFS issues for details as below. 
	· The SSB subset for RSRP based TA validation is determined at least based on a configured absolute RSRP threshold.
· FFS the SSB subset which could be
· within a set of SSBs configured per CG configuration
· or within a set of SSBs configured for all CG configurations
· or within a set of all SSBs actually transmitted as indicated in SIB1
· or highest N SSBs that are measured to derive the subset for a UE across all CG configurations






[bookmark: OLE_LINK10][bookmark: OLE_LINK11]TA depends on the distance between the network and the UE and does not depend on which cell the UE is camping at, or which CG-SDT configuration the UE uses or which SSB the UE selected. Therefore, we believe the RSRP change threshold for TA validation should be configured per UE and be common for all the CG configurations, if multiple are configured. 
[bookmark: OLE_LINK84]Proposal 6: RSRP change thresholds and the absolute RSRP threshold for SSB subset selection for TA validation are configured commonly for all CG-SDT configurations of the UE, i.e., configured per UE.
2.3.2	TA maintenance
Based on the current NR MAC specification, UE receives a TA command included in either MSG2 or MSGB (i.e. fallbackRAR and successRAR) during the on-going random-access procedure and immediately applies the TA command to get an updated NTA and maintains the updating NTA for subsequent uplink transmissions (e.g. MSG3 or HARQ feedback for MSG4 or for successRAR) when the timeAlignmentTimer is running as shown below. Otherwise UE ignores the received TA command in MSG2 or MSGB since on one hand, it already has a valid TA and on the other hand, the received TA command may be incorrect and actually targeted for other UE using the same RO and preamble but the UE cannot know at that moment until it later loses from contention resolution at MSG4 stage.
	1>	when a Timing Advance Command is received in a Random Access Response message for a Serving Cell belonging to a TAG or in a MSGB for an SpCell:
2>	if the Random Access Preamble was not selected by the MAC entity among the contention-based Random Access Preamble:
3>	apply the Timing Advance Command for this TAG;
3>	start or restart the timeAlignmentTimer associated with this TAG.
2>	else if the timeAlignmentTimer associated with this TAG is not running:
3>	apply the Timing Advance Command for this TAG;
3>	start the timeAlignmentTimer associated with this TAG;
3>	when the Contention Resolution is considered not successful as described in clause 5.1.5; or
3>	when the Contention Resolution is considered successful for SI request as described in clause 5.1.5, after transmitting HARQ feedback for MAC PDU including UE Contention Resolution Identity MAC CE:
4>	stop timeAlignmentTimer associated with this TAG.
2>	else:
3>	ignore the received Timing Advance Command.



The running state of a TA timer (i.e. timeAlignmentTimer) is used for considering whether or not the maintained TA is valid for UEs both in RRC_CONNECTED and RRC_IDLE/INACTIVE, i.e. expiry of the TA timer means the maintained TA is invalid. In addition, in previous meeting, RAN2 agreed a separate TA timer (i.e. CG-SDT-TAT) for CG-SDT which has the same functionality with timeAlignmentTimer on TA maintenance as mentioned below. This CG-SDT-TAT can be running over RRC_INACTIVE.
	· A new TA timer for TA maintenance specified for configured grant based small data transfer in RRC_INACTIVE should be introduced.  FFS on the procedure, the validity of TA, and how to handle expiration of TA timer.  The TA timer is configured together with the CG configuration in the RRCRelease message.
· CG-SDT-TAT is started upon receiving the CG-SDT-TAT configuration from gNB, i.e. RRCrelease message, and can be (re)started upon reception of TA command. 



Based on the above agreement, UE starts CG-SDT-TAT after being directed to RRC_INACTIVE by RRCRelease message and the CG-SDT-TAT may be still running for following RA cases. One point is worth pointing out is how to handle the following cases for TA maintenance for CG-SDT after receiving TA command in MSG2 or MSGB while the CG-SDT-TAT is running:
Case 1: RA is triggered, e.g. due to non-SDT data earlier arrival, periodic RNAU or something else, before the initiation of CG-SDT session but not yet completed. For Case1, the scenario is the same as the case when the UE is released from CONNECTED to INACTIVE by RRCRelease with suspendConfig. In this case, the UE should maintain the NTA that the UE has maintained previously, either in RRC_INACTIVE or RRC_CONNECCTED. UE may have received TA command in MSG2 or MSGB before the initiation of CG-SDT session. The UE shall be known whether to apply such TA command for CG-SDT session. This case was also discussed in PUR and clarified in LTE MAC specification, i.e. UE considers the received TA in random access response to be a temporary TA as mentioned below. But note in LTE only 4-step RA is supported.
	5.2	Maintenance of Uplink Time Alignment
-	when a Timing Advance Command is received in a Random Access Response message for a serving cell belonging to a TAG:
-	if the UE is configured with pur-Config (see TS 36.331 [8]) and if a NTA has been stored or maintained and no temporary NTA has been stored:
-	store current NTA as temporary NTA (see clause 5.4.7.2).
[bookmark: _Toc76556776][bookmark: _Toc52536236][bookmark: _Toc46500327][bookmark: _Toc37256388][bookmark: _Toc37256234]5.4.7.2	Maintenance of PUR Uplink Time Alignment
-	upon considering a Random Access procedure successfully completed:
-	start or restart the pur-TimeAlignmentTimer, if configured;
-	indicate to upper layers that the Timing Advance value has been adjusted;
-	if a temporary NTA has been stored, delete the stored temporary NTA.
-	upon considering a Random Access procedure unsuccessfully completed, if a temporary NTA has been stored:
-	set the NTA to the stored temporary NTA;
-	delete the stored temporary NTA.



· Case 2: RA is triggered in the middle of the CG-SDT session due to SR triggered by second SDT data arrival as agreed in previous meeting. Even if UE has valid TA during CG-SDT session, the UE may also receive TA command in MSG2 or MSGB for updating TA. The UE shall be known whether to apply such TA command for subsequent CG-SDT transmission as well.


For case of TA command received in fallbackRAR and 4-step RA, if UEs do not have a valid TA, they apply the TA command immediately for MSG3 transmission and wait for contention resolution in MSG4 phase. If UE fails for contention resolution, it discards the maintained NTA. However, if UEs have a valid TA, (i.e. the CG-SDT-TAT is running) they shall use the maintained NTA to avoid applying a potential incorrect one received in MSG2 or fallbackRAR for MSG3 transmission, similarly as in legacy.
Proposal 7: When the CG-SDT-TAT is started, the UE shall maintain a CG-SDT-NTA different from the legacy NTA for the timing advance for CG-SDT. 
Proposal 8: UE shall apply TA command to NTA in random access response (4-step RA) and fallbackRAR when CG-SDT-TAT is running and use this NTA the uplink timing alignment for the rest of the RACH procedure.
In addition, for case of TA command received in successRAR, note in legacy, TA timer seems never running for UEs in RRC IDLE and RRC inactive at the reception of successRAR. However for SDT, case may be a little bit of different since we have CG-SDT-TAT to be running over RRC_inactive. As a consequence, network may find the maintained UE’s TA becomes invalid based on reception of MSGA preamble and payload for SDT. The TA command in successRAR was tailor-made by network for updating the maintained UE’s TA and as a consequence, UE identifies its successRAR from MSGB multiplexing with other UE’s succesRAR or fallbackRAR based on its contention resolution ID and immediately applies the identified TA command in successRAR for subsequent SDT transmission.
When coming to co-existence of two TA timers and two NTAs, in general we prefer to let two TA timers to control TA validation for different uplink transmissions in RRC_INACTIVE. For timeAlignmentTimer it can be used only for controlling uplink transmissions for RA (i.e. MSG3 and HARQ feedback for MSG4) while for CG-SDT-TAT it can be used for controlling uplink transmissions during CG-SDT session except transmissions during RA in the middle of the on-going CG-SDT session. 

Upon RA is successful completed, the maintained TA will be further confirmed by network to be valid so CG-SDT-TAT can be started or restarted at that moment similarly as in LTE PUR (see the below box) but timeAlignmentTimer shall be stopped after either transmitting HARQ feedback for MSG4 or failure from contention resolution since there is no need to keep two TA timers are both running during subsequent SDT transmission phase which is a little bit of different from LTE PUR which only one-shot transmission is supported.
	-	upon considering a Random Access procedure successfully completed:
-	start or restart the pur-TimeAlignmentTimer, if configured;
-	indicate to upper layers that the Timing Advance value has been adjusted;
-	if a temporary NTA has been stored, delete the stored temporary NTA.



Proposal 9: CG-SDT-TAT can be started or restarted and the NTA for RACH shall be applied for CG-SDT-NTA upon successful completion of Random Access procedure.
Proposal 10: timeAlignmentTimer shall be stopped after RACH completion, similar to on-demand SI request. 
In addition to TA command in MSG2 or MSGB, UE may receive TAC MAC CE during subsequent transmission phase to update TA which make UE to start or restart CG-SDT-TAT as agreed in previous meeting. As a consequence, we think there is no need to start or restart timeAlignmentTimer as well though timeAlignmentTimer is indeed started or restarted in connected mode for above cases.

Proposal 11: timeAlignmentTimer is not started when timing advance command is received during SDT subsequent transmission phase. 
2.3.3	UE actions upon CG-SDT-TAT expiry
Another issue we think that should be discussed is what the behavior is after expiry of CG-SDT-TAT. In previous meeting RAN2 agreed to release CG configuration upon expiry of CG-SDT-TAT but for other behavior like those for timeAlignmentTimer as mentioned below which is still unclear. 
	1>	when a timeAlignmentTimer expires:
2>	if the timeAlignmentTimer is associated with the PTAG:
3>	flush all HARQ buffers for all Serving Cells;
3>	notify RRC to release PUCCH for all Serving Cells, if configured;
3>	notify RRC to release SRS for all Serving Cells, if configured;
3>	clear any configured downlink assignments and configured uplink grants;
3>	clear any PUSCH resource for semi-persistent CSI reporting;
3>	consider all running timeAlignmentTimers as expired;
3>	maintain NTA (defined in TS 38.211 [8]) of all TAGs.



We think upon expiry of CG-SDT-TAT, the MAC entity shall clear configured grant for SDT, flush HARQ buffers. Since at this time, the configuration for CG-SDT has already be cleared, including the CG-TAT configuration, there is no point anymore to still maintain the NTA for CG-SDT. 
Proposal 12: UE clears configured grant, flushes HARQ buffer and stop maintaining CG-SDT-NTA upon expiry of CG-SDT-TAT. 
2.4	UL carrier selection for subsequent CG-SDT
The issue of re-checking for SSB selection during subsequent transmission phase with mobility was covered in email discussion. We think it is beneficial to let network knowing timely on good DL beam change. In addition to that, we think re-checking for UL carrier and RSRP change should be also considered for subsequent transmission with mobility.
In previous meeting, RAN2 agreed to have UL carrier selection based on RSRP based on RSRP change for the first SDT transmission. However RAN2 did not discuss whether or not it also holds for subsequent UL transmissions. If the UE is moving in middle of the on-going SDT session, in addition to UE may reselect to another SSB for subsequent CG transmission and it may have some possibilities to make RSRP lower than the configured threshold for carrier selection. In such case we think UE shall reselect to another UL carrier for subsequent CG transmission
Proposal 13: Uplink carrier reselection shall be re-evaluated for each subsequent transmission.
2.5	RAN1 aspects regarding CG
2.5.1	Power control aspects
Two types of power control schemes have been defined by RAN1: open loop and closed loop power control. For SDT, initial uplink transmission can only be based on open loop power control. Then, for subsequent uplink transmission, a closed loop power control is beneficial to improve its performance if the subsequent uplink transmission can be based on dynamic grant. It can also be supported by the network send the power control command to the UE with L1-ACK, which RAN2 has discussed and agreed during the last meeting. 
However, which scheme is selected is rather a RAN1 issue and should be determined by RAN1.
2.5.2	UL beam maintenance for SDT
In NR, beam operation is a critical feature. In RRC_CONNECTED, UL beam management is supported to always maintain an optimal UL beam. The network may trigger the UE to transmit SRS with different UL beams and measures all the SRS to determine the best UL beam, which can be subsequently indicated by the network for CG transmission. 
For SDT over RRC_INACTIVE, the question comes how to determine the UL beam for CG transmission in RRC_INACTIVE, e.g. whether UL beam management is introduced. From our point view there are three possible solutions to this issue:
· Option1: The network indicates the UL beam in the RRCRelease message according to the beam measurements from UE in RRC CONNECTED. In RRC INACTIVE, the UE uses the indicated UL beam for SDT. This is mainly applicable to the UEs which are rather stationary, e.g. for the smart meter scenario. 
· Option2: SRS configuration and transmission in INACTIVE is introduced. On one hand, it causes higher power consumption, but on the other hand it may improve the performance of SDT. 
· Option3: UE determines the UL beam based on UE implementation, similar to RACH. 
2.5.3	TAC delivery for CG-SDT
Anther issue is the issue of TAC delivery for CG-SDT. In legacy PUR, the TAC can be delivered either by MAC CR or DCI. Although our understanding is that the TAC in DCI is mainly used for the control plane solution while control plane solution is not supported in SDT, we would like RAN1 to confirm on their understanding on this.
As the above issues are rather RAN1 issues, we think it should be discussed by RAN1 and an LS should be sent asking RAN1 to analyze it.
[bookmark: OLE_LINK80]Proposal 14: Send LS to RAN1, regarding:
· To define the power control mechanism for CG-SDT and;
· To determine the UL beam aspects for CG-SDT;
· To define how to deliver the TA command to the UE in CG-SDT. 
3. Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 
HARQ ID determination and AUL
Proposal 1: As a baseline, the current HARQ process ID formula is reused for CG-SDT resource and HARQ process ID association. 
Proposal 2: Autonomous retransmission for SDT is de-prioritized in Rel-17.
CG-SSB mapping
Proposal 3: The network should be able to reconfigure CG-SDT resources and the mapping between CG configuration(s) and SSBs during subsequent transmission phase of the SDT procedure.
Proposal 4: For CG configuration not associated with the selected SSB and the selected UL carrier, the UE should suspend the CG configuration and it is resumed when the associated SSB is selected. 
Proposal 5: For the selected CG configuration, only the UL grant generated on the CG occasion corresponding to the selected SSB should be delivered to the multiplexing and assembly entity. 
Proposal 6: RSRP change thresholds and the absolute RSRP threshold for SSB subset selection for TA validation are configured commonly for all CG-SDT configurations of the UE, i.e., configured per UE.
TA aspects
Proposal 7: When the CG-SDT-TAT is started, the UE shall maintain a CG-SDT-NTA different from the legacy NTA for the timing advance for CG-SDT. 
Proposal 8: UE shall apply TA command to NTA in random access response (4-step RA) and fallbackRAR when CG-SDT-TAT is running and use this NTA the uplink timing alignment for the rest of the RACH procedure.
Proposal 9: CG-SDT-TAT can be started or restarted and the NTA for RACH shall be applied for CG-SDT-NTA upon successful completion of Random Access procedure.
Proposal 10: timeAlignmentTimer shall be stopped after RACH completion when CG-SDT-TAT is running, similar to on-demand SI request. 
Proposal 11: timeAlignmentTimer is not started when timing advance command is received during SDT subsequent transmission phase. 
Proposal 12: UE clears configured grant, flushes HARQ buffer and stop maintaining CG-SDT-NTA upon expiry of CG-SDT-TAT. 
UL carrier selection for subsequent CG-SDT
Proposal 13: Uplink carrier reselection shall be re-evaluated for each subsequent transmission.
RAN1 aspects
Proposal 14: Send LS to RAN1, regarding:
· To define the power control mechanism for CG-SDT and;
· To determine the UL beam aspects for CG-SDT;
· To define how to deliver the TA command to the UE in CG-SDT. 
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