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1. Introduction
For the CG based small data transmission, the work item has the following objectives:
· Transmission of UL data on pre-configured PUSCH resources (i.e. reusing the configured grant type 1) – when TA is valid
· General procedure for small data transmission over configured grant type 1 resources from INACTIVE state [RAN2]
· Configuration of the configured grant type1 resources for small data transmission in UL for INACTIVE state [RAN2]
The intention of the contribution is to discuss the open issues for CG based small data transmission.
2. Open issues
2.1. Resource configuration for CG based SDT
The agreement has been made in RAN2 that “CG-SDT resource can be configured on either initial BWP or separate SDT BWP”. With this agreement, it seems more discussion is needed to clarify the following issues:
· How many BWPs can be configured for SDT?
· Besides the CG resource for SDT, whether other dedicated resource (e.g. SR) can be configured for SDT?
· Whether there is any special restriction on the BWP for SDT?
For the number of BWP can be configured for SDT, considering the SDT is mainly targeted for small data transmission, it seems one SDT-BWP is sufficient. The SDT-BWP can be either a separate BWP for SDT specifically, or a BWP configured for CONNECTED mode.
Proposal 1: if RAN1 confirms the feasibility of separate BWP for SDT, for each UE, only one BWP can be configured for SDT. And the SDT-BWP can be either a separate BWP for SDT specifically, or a BWP configured for CONNECTED mode (i.e. reuse one BWP for CONNECTED mode).
Based on the agreements made before, the CG resource will be associated to SSB, thus the BWP should be overlapped with SSB. In addition, considering RACH procedure may be required in some cases, the RACH resource should be configured on the SDT-BWP.
Proposal 2: The SDT-BWP should be overlapped with SSB, and RACH resource should be configured on SDT-BWP.
To minimize the impact on specs, it seems the BWP structure defined for CONNECTED mode (i.e. BWP-Downlink/BWP-Uplink) can be reused for SDT. With the current structure BWP-Downlink/BWP-Uplink, besides the CG resource for SDT, one issue is whether other dedicated resource can be configured by NW as well (e.g. SR). 
Although we have agreement “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” in the previous meeting, such agreement is mainly for RA-SDT. For CG-SDT, we don’t see any showstopper for the configuration of such dedicated resource (e.g. SR) in case SDT-BWP is configured. In addition, it seems more discussion will be required if we want to figure out which dedicated resource is not applicable for CG-SDT for the SDT-BWP and to add such restriction accordingly in specs. To minimize the impact and avoid unnecessary discussion, we prefer to allow the configuration of dedicated resources in SDT-BWP (i.e. the same as BWP used in CONNECTED mode).
Proposal 3: The IE BWP-Downlink/BWP-Uplink will be reused for the configuration of SDT-BWP. Besides the CG resource for SDT, other dedicated resource (e.g. SR) can be configured as well, and can be used by UE during SDT once configured.
2.2. HARQ process selection
The following agreements have been made in RAN1#106
-------------------------------------------- Agreements in RAN1#106 start ----------------------------------------
· Each N of consecutive SSB indexes associated to one CG configuration are mapped to valid CG PUSCH resources
· first, in increasing order of DMRS resource indexes, where a DMRS resource index DMRSid is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index
· second, in increasing order of CG period indexes in the association period
· The mapping ratio N is explicitly signalled and the association period is implicitly derived
· FFS candidate value set of mapping ratio, and whether it is configured per CG configuration or per cell
· The SSB to CG PUSCH association period is the duration of multiple of CG periods depending the smallest time duration in the set determined by the CG period such that all SSBs associated with the CG configuration are mapped at least once to CG PUSCH resources.
· An association pattern period includes one or more association periods and is determined so that a pattern between CG PUSCH occasions and SS/PBCH block indexes associated with the CG configuration repeats at most every 640 msec.
· Note: The mapping ordering and steps may be revisited if multiple CG PUSCH occasions in one CG period is supported
-------------------------------------------- Agreements in RAN1#106 end ----------------------------------------
Based on the agreements above, it can be observed that different SSB may be mapped to different CG occasion, and the association period is implicitly derived. One example is shown as follows, in which case SSB 1/2 are mapped to CG occasion 1/3, and SSB 3/4 are mapped to CG occasion2/4, the association period includes two CG occasions.


The HARQ process ID is determined based on the text below in MAC specs.
------------------------------------------------------ From 38.321 start ------------------------------------------------
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].
------------------------------------------------------ From 38.321 end ------------------------------------------------
According to current specs, the HARQ process ID is determined based on the first symbol of a UL transmission. Therefore, if we reuse the R16 URLLC mechanism for UE autonomous retransmission, the retransmission can only be performed on the same HARQ process ID. Since the HARQ process ID is determined based on the first symbol of UL CG occasion, only the SSB mapped to the same HARQ process ID can be used for the UE autonomous HARQ retransmission. 
For SDT, the following alternatives can be considered:
· Alternative 1: Reuse current approach for licensed band, and determine the HARQ process ID separately for each UL CG occasion. In this alternative, the UE autonomous retransmission can only be performed on the CG occasion mapped to the same HARQ process ID.
· Alternative 2: Indicate the HARQ process ID explicitly in UCI (reuse the NR-U approach). In this alternative, the NR-U based UE autonomous retransmission mechanism will be used (i.e. the retransmission can be performed on any CG occasion with qualified SSB, and UCI will be used to indicate the associated HARQ process ID).
· Alternative 3: Consider the HARQ occasions within one SSB to CG PUSCH association period as a bundle, and determine the HARQ process ID based the first symbol of the first UL transmission within the bundle. In this alternative, the URLLC UE autonomous retransmission can be reused (i.e. retransmission can be made on the CG resource associated to the same HARQ process ID), but UE is only allowed to use one CG occasion within the SSB to CG PUSCH association period, which may lead to a waste of CG resource.

	NO.
	Alternatives
	Pros
	Cons

	1
	HARQ process ID is determined by the first UL symbol of the CG occasion (R16 URLLC similar approach)
	Low complexity in both standardization and implementation.
	UE autonomous retransmission can only be performed on the SSB associated to the same CG occasion.

	2
	HARQ process ID is indicated by UCI (R16 NR-U similar approach)
	Low complexity in standardization (i.e. NR-U based approach is reused).
Retransmission can be performed on any CG occasions with qualified SSB.
	UE need to support the NR-U based mechanism for UE autonomous retransmission.

	3
	All the CG occasion within the same SSB-PUSCH association period will be mapped to the same HARQ process ID, and the HARQ process ID will be determined based on the first UL symbol of the first UL CG occasion within the SSB-PUSCH association period
	Retransmission can be performed on any SSB with CG resource.
	New mechanism need to be specified for SDT.
Only one CG occasion within one SSB-PUSCH association period can be used for new CG transmission. The resource efficiency is low.



Based on the table above, it can be observed that each alternative have pros and cons. RAN2 is kindly asked to discuss all the alternatives above , and do the down selection accordingly.
Proposal 4: Discuss the following alternatives for HARQ ID calculation and do the down selection accordingly.
· HARQ process ID is determined by the first UL symbol of the CG occasion (legacy behaviour for licensed carrier)
· HARQ process ID is indicated by UCI (R16 NR-U similar approach)
· All the CG occasion within the same SSB-PUSCH association period will be mapped to the same HARQ process ID, and the HARQ process ID will be determined based on the first UL symbol of the first UL CG occasion within the SSB-PUSCH association period

2.3. Fallback from CG-SDT to RA-SDT
Fallback from CG-SDT to RA-SDT has been discussed in the email meeting, but it seems different company have different understanding on the fallback scenario and operation. To have clear understanding on the fallback operation from CG-SDT to RA-SDT, we prefer to clarify definition RA-SDT, CG-SDT and fallback operation from CG-SDT to RA-SDT.
Proposal 5: Clarify the definition RA-SDT, CG-SDT and fallback operation from CG-SDT to RA-SDT as follows:
· RA-SDT: The initial UL CCCH message for SDT is transmitted in RACH procedure through either Msg3 or MsgA.
· CG-SDT: The initial UL CCCH message for SDT is transmitted through CG resource. 
· Fallback from CG-SDT to RA-SDT: The initial UL CCCH message is first transmitted through CG resource. However, due to the transmission failure through CG resource, the UE fallback to RACH procedure and re-transmit the initial UL CCCH message through either Msg3 (i.e. 4-step RACH) or MsgA (i.e. 2-step RACH) during RACH procedure.

Based on the definition proposed above, it can be observed that RACH procedure triggered during the subsequent data transmission does not mean the UE fallback to RA-SDT. 
In addition, considering the SDT type selection will be made before the initialization of CG-SDT, and CG-SDT will not be selected in case no qualified SSB with CG-SDT resource can be found, no qualified CG-SDT before the initialization of CG-SDT shall not be considered as fallback operation as well.
Observation 1: The following cases shall not be considered as fallback from CG-SDT to RA-SDT
· RA-SDT is selected in the SDT type selection due to the lack of qualified SSB associated with CG-SDT resource, in which case the initial UL CCCH message will be transmitted through Msg3/MsgA directly (i.e. there is no fallback).
· RACH procedure is triggered in the subsequent data transmission for CG-SDT, in which case the UL CCCH message has already been transmitted successfully through CG-SDT.
For the fallback operation, the initial UL CCCH message will first be transmitted through CG resource, and be re-transmitted through RACH procedure. To have better understanding on the fallback procedure, the following open issues need to be discussed:
· Which BWP will be used for the fallback RA-SDT, dedicated BWP or initial BWP?
For the CG-SDT, the dedicated BWP can be configured and UE will initiate CG-SDT on the dedicated BWP. However, for the RA-SDT, it seems only the initial BWP is allowed. Therefore, one issue need to be clarified is wihch BWP will be used in case the UE fallback from CG-SDT to RA-SDT (i.e. from dedicated BWP to initial BWP)? 
If dedicated BWP is used, then it seems different from RA-SDT．More discussion will be required to understand which search space will be used for the Msg2/MsgB reception, and whether the NW need to distinguish the fallback RA-SDT and normal RA-SDT?
· Whether RRC will be involved in the fallback operation?
In the RA-SDT, the default MAC configuration will be used and will be configured by RRC layer. In the fallback operation, it is no clear whether the RRC will be involved to configure the default configuration to MAC. In addition, it is not clear whether different RRC level timer will be used for CG-SDT and RA-SDT.
· Whether the CG-SDT resource shall be released?
Once the UE fallback from CG-SDT to RA-SDT, whether the CG-SDT resource should be released? If no, whether the CG resource can still be used if qualified SSB can be found in the subsequent data transmission.
Based on the open issues identified above, it seems there are still lots of open issue for the fallback operation. 
Observation 2: For the fallback from CG-SDT to RA-SDT, more discussion is required for the following issues:
· Which BWP will be used for the fallback RA-SDT, dedicated SDT-BWP or initial BWP?
· Whether RRC will be involved in the fallback operation (e.g. configure the default MAC configuration to MAC)?
· Whether the CG-SDT resource shall be released?

In addition, according to the analysis given in sections above, in case the UE initiate the initial UL transmission through CG resource, and no qualified SSB can be found in the CG occasion for the retransmission, the UE can simply ignore the CG grant and wait for the next CG occasion. If the CCCH message can still not be transmitted successfully before the expiration of T319 similar timer, then SDT failure will be declared to upper layer. Considering the CG-SDT will only be selected in case the RSRP is good and qualified SSB with CG resource can be found, we think it is a corner case where no qualified SSB for CG-SDT can be found for the UL CCCH message transmission. Also considering the limited time budget, we prefer not to support the fallback from CG-SDT to RA-SDT, and put more effort on the essential function for SDT.
Observation 3: The UE autonomous retransmission can be performed to re-transmit the CCCH message through CG resource. And T319 similar timer can be used to terminate the CG SDT in case the UE autonomous retransmission can not work (e.g. no qualified SSB can be found in a period of time). 
Proposal 6: Fallback from CG-SDT to RA-SDT is not supported in Rel-17.
2.4. TA validation
RAN1 has sent an LS to RAN2 in R2-2109330. In this LS, RAN1 asked RAN2 to choose one of the options for TA validation among the following options: 
	The SSB subset for RSRP based TA validation is determined as
· Option 1: Within a set of SSBs configured per CG configuration
· Option 2: Within a set of SSBs configured for all CG configurations
· Option 3: Within a set of all SSBs actually transmitted as indicated in SIB1
· Option 4: Highest N SSBs of all SSBs actually transmitted as indicated in SIB1


CG-SDT resources are dedicated resources and it is assumed that the transmitting UE has UL synchronisation. The valid TA for CG-SDT would have been stored by the UE when the UE receives the previous TA command. The RSRP criterion is used to decide whether the UE would have substantially moved from the time when the previous TA command was received. In NR although multiple SSBs can be transmitted within a cell, only one TA is used per TAG. Thus, the TA is independent of the beams on which the CG resources is configured and is generally dependent solely on the location of the UE with respect to the gNB. Given this we think options 1 and 2 are not really relevant for TA validation.
Option 3 and option 4 seem both acceptable. However, if option 3 is chosen, TA validation criterion might be influenced too much by a very bad beam whose RSRP value may be subject to large fluctuations. Thus, option 4 seems most reliable and is similar to how cell level RSRP is calculated.
Thus, it is proposed to adopt option 4 or TA validation.    
Proposal 7: The SSB subset for RSRP based TA validation is determined as the highest N SSBs of all SSBs actually transmitted as indicated in SIB1
2.5. Other
For the CS-RNTI, it has been agreed that “CS-RNTI based dynamic retransmission mechanism can be reused for CG-SDT”, and it is FFS whether CS-RNTI is the same one as the one previously configured in RRC_CONNECTED or a new CS-RNTI one is provided to the UE.
Considering the there may be no CG resource configured before SDT, configuration of CS-RNTI for SDT should be supported. However, if there is CS-RNTI configured before UE is released to INACTIVE, then there is no need to configured another different CS-RNTI.
Proposal 8：If the CS-RNTI is configured before UE is released to INACTIVE, then it should be reused. Otherwise, a new CS-RNTI can be configured in RRC release message.

3. Conclusion and proposals
Based on the analysis above, the following observations and proposals are provided:
Resource configuration for CG based SDT
Proposal 1: if RAN1 confirms the feasibility of separate BWP for SDT, for each UE, only one BWP can be configured for SDT. And the SDT-BWP can be either a separate BWP for SDT specifically, or a BWP configured for CONNECTED mode (i.e. reuse one BWP for CONNECTED mode).
Proposal 2: The SDT-BWP should be overlapped with SSB, and RACH resource should be configured on SDT-BWP.
Proposal 3: The IE BWP-Downlink/BWP-Uplink will be reused for the configuration of SDT-BWP. Besides the CG resource for SDT, other dedicated resource (e.g. SR) can be configured as well, and can be used by UE during SDT once configured.
HARQ process selection
Proposal 4: Discuss the following alternatives for HARQ ID calculation and do the down selection accordingly.
· HARQ process ID is determined by the first UL symbol of the CG occasion (legacy behaviour for licensed carrier)
· HARQ process ID is indicated by UCI (R16 NR-U similar approach)
· All the CG occasion within the same SSB-PUSCH association period will be mapped to the same HARQ process ID, and the HARQ process ID will be determined based on the first UL symbol of the first UL CG occasion within the SSB-PUSCH association period
	NO.
	Alternatives
	Pros
	Cons

	1
	HARQ process ID is determined by the first UL symbol of the CG occasion (R16 URLLC similar approach)
	Low complexity in both standardization and implementation.
	UE autonomous retransmission can only be performed on the SSB associated to the same CG occasion.

	2
	HARQ process ID is indicated by UCI (R16 NR-U similar approach)
	Low complexity in standardization (i.e. NR-U based approach is reused).
Retransmission can be performed on any CG occasions with qualified SSB.
	UE need to support the NR-U based mechanism for UE autonomous retransmission.

	3
	All the CG occasion within the same SSB-PUSCH association period will be mapped to the same HARQ process ID, and the HARQ process ID will be determined based on the first UL symbol of the first UL CG occasion within the SSB-PUSCH association period
	Retransmission can be performed on any SSB with CG resource.
	New mechanism need to be specified for SDT.
Only one CG occasion within one SSB-PUSCH association period can be used for new CG transmission. The resource efficiency is low.



Fallback from CG-SDT to RA-SDT
Proposal 5: Clarify the definition RA-SDT, CG-SDT and fallback operation from CG-SDT to RA-SDT as follows:
· RA-SDT: The initial UL CCCH message for SDT is transmitted in RACH procedure through either Msg3 or MsgA.
· CG-SDT: The initial UL CCCH message for SDT is transmitted through CG resource. 
· Fallback from CG-SDT to RA-SDT: The initial UL CCCH message is first transmitted through CG resource. However, due to the transmission failure through CG resource, the UE fallback to RACH procedure and re-transmit the initial UL CCCH message through either Msg3 (i.e. 4-step RACH) or MsgA (i.e. 2-step RACH) during RACH procedure.
Observation 1: The following cases shall not be considered as fallback from CG-SDT to RA-SDT
· RA-SDT is selected in the SDT type selection due to the lack of qualified SSB associated with CG-SDT resource, in which case the initial UL CCCH message will be transmitted through Msg3/MsgA directly (i.e. there is no fallback).
· RACH procedure is triggered in the subsequent data transmission for CG-SDT, in which case the UL CCCH message has already been transmitted successfully through CG-SDT.
Observation 2: For the fallback from CG-SDT to RA-SDT, more discussion is required for the following issues:
· Which BWP will be used for the fallback RA-SDT, dedicated SDT-BWP or initial BWP?
· Whether RRC will be involved in the fallback operation (e.g. configure the default MAC configuration to MAC)?
· Whether the CG-SDT resource shall be released?
Observation 3: The UE autonomous retransmission can be performed to re-transmit the CCCH message through CG resource. And T319 similar timer can be used to terminate the CG SDT in case the UE autonomous retransmission can not work (e.g. no qualified SSB can be found in a period of time). 
Proposal 6: Fallback from CG-SDT to RA-SDT is not supported in Rel-17.
TA Validation
Proposal 7: The SSB subset for RSRP based TA validation is determined as the highest N SSBs of all SSBs actually transmitted as indicated in SIB1
Other
Proposal 8：If the CS-RNTI is configured before UE is released to INACTIVE, then it should be reused. Otherwise, a new CS-RNTI can be configured in RRC release message.
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