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According to the RAN2#113-e meeting discussion, RAN2 agreed to use RSRP to validate the CG resource. The corresponding RAN2 agreements are quoted as follows [1]:
	· The configuration of configured grant resource for UE small data transmission is valid only in the same serving cell.  
· From RAN2 point of view, assume similar to PUR, that we introduce a TA validation mechanism for SDT based on RSRP change, i.e.  RSRP-based threshold(s) are configured.  Ask RAN1 to confirm.  FFS on how to handle CG configuration when TA expires or when is invalid due to RSRP threshold.  Details of the TA validation procedure can be further discussed.
· As a baseline assumption, it’s a network configuration issue whether to support multiple CG-SDT configurations per carrier in RRC_INACTIVE (i.e. we will not restrict network configuration for now).


In the RAN2#113bis-e meeting, RAN2 made the following agreements for the CG-SDT:
Agreements:
1	CG-SDT resources can be configured at the same time on NUL and SUL 
2	Implicit release of CG-SDT resource is not supported
3	UE start a window after CG/DG transmission for CG-SDT.   FFS whether to design a new timer or to reuse an existing timer.
4	Support retransmission by dynamic grant for CG-SDT. 
5	Support multiple HARQ processes for uplink CG-SDT. 
6	CG resource availability delay is not considered as a criterion for CG validation.
7	UL carrier selection is performed before CG-SDT selection
8	FFS CG-SDT resource can be configured on BWPs other than initial BWP
In the RAN2#114-emeeting, RAN2 made the following agreements for the CG-SDT:
Agreements:
1. Working assumption: UE-specific search space is configured for UEs performing CG-SDT. RAN2 asks RAN1 whether this working assumption can be confirmed
2. CG-SDT resource can be configured on either initial BWP or separate SDT BWP.  Ask RAN1 to confirm
3. Release of CG-SDT configuration by system information indication is not supported
4. RAN2 thinks that some feedback may be beneficial in case CG is used for subsequent transmission.  RAN2 assumes that existing mechanism can be used.    
5. For initial CG transmission, UE does not select any SSB if none of the SSBs’ RSRP is above the RSRP threshold.  FFS if re-evaluation for every CG transmission is necessary 
The following issues related to the CG-SDT resource configuration are included in the email discussion in [2]:
· [bookmark: _Ref68971086]Switching between RA-SDT and CG-SDT
· [bookmark: _Ref69034633]Monitoring window for CG-SDT
· CG resource handling at cell reselection
· CG-SDT criteria
· RNTI for CG-SDT
· Stage 3 details of CG configuration
In this contribution, we discuss the remaining issues of the CG-SDT.
Discussion
UE assistance information 
According to [6], the following options are discussed on how the gNB provides the CG configuration to the UE:
· Option 1: No UE assistance information. The traffic pattern for configuring the CG is based on the gNB implementation (e.g. via the TSCAI which includes “Periodicity” and “Burst Arrival Time” of a QoS flow and the Dynamic 5QI Descriptor which includes “Maximum Data Burst Volume” [7]).
· Option 2: The UE provides the traffic pattern assistance information (e.g. preferred CG configuration) to the gNB.
From our understanding, as the CG configuration of SDT is provided via the release message, the gNB should be able to know the traffic pattern of the CONNECTED UE (e.g. via TSCAI) before sending the CG configuration to the UE. Thus, the traffic pattern information is not needed from the UE.
Proposal 1: The UE request of CG configuration is not needed. 
UL data transmission
HARQ process allocation
According to the Rel-16 CG configuration, we could have the following two ways to allocate the HARQ process:
· Option 1: HARQ process ID is calculated based on the CG location.
· Option 2: HARQ process ID is selected by the UE and indicated in the UCI included in the CG PUSCH.
According to the RAN1 agreement made in the RAN1#104bis-e, RAN1 thinks that “the CG configuration mechanism in licensed band can be reused for CG-SDT in principle”.
	RAN1#104bis-e meeting agreement:
Conclusion:
· It is RAN1’s common understanding that the CG configuration mechanism in licensed band can be reused for CG-SDT in principle.


According to the CG discussion in Rel-16, Option 1 is used for the licensed band, and Option 2 is used for the unlicensed band. To align with the RAN1 agreement, we consider that HARQ process ID is calculated based on the CG location.
Proposal 2: The HARQ process ID is calculated based on the CG location.
Number of HARQ process used for the initial CG-SDT
According to the RAN2#113bis-e meeting discussion, RAN2 agreed to support multiple HARQ processes for the CG configuration. However if the UE uses multiple HARQ processes during the initial CG-SDT phase (i.e. before the reception of the L1 ACK from the gNB), the UE needs to include the CCCH message in every MAC PDU of each CG transmission, so as to allow the gNB to identify the UE. However, the RRC layer only submits one CCCH message to the MAC. Then the UE needs an extra function to duplicate the CCCH message and include the CCCH message in each CG transmission. From our understanding, one HARQ process is sufficient for the initial CG-SDT transmission. If the UE has more UL data for UL transmission, the extra data can be transmitted in the subsequent data transmission phase.
Observation 1: If the transmission of multiplex HARQ processes is supported during the initial CG-SDT phase, the CCCH message needs to be added in each MAC PDU.
Proposal 3: Only one MAC PDU is transmitted for the initial CG-SDT transmission (i.e. before the reception of the gNB response).
MAC PDU retransmission when the response is not received
For the RACH procedure, the UE would firstly store the MAC PDU in the Msg3/MsgA buffer. When the UE re-send Msg3/MsgA, the UE fetches the MAC PDU from the Msg3/MsgA buffer and retransmits the same MAC PDU. For the CG SDT, we consider that the retransmission of the MAC PDU should be supported when the gNB feedback is not received during the monitoring window for CG SDT feedback, so as to avoid the packet loss.
Proposal 4: When the gNB response is not received during the monitoring window of feedback, the UE retransmits the MAC PDU via CG-SDT.
When the UE triggers the MAC PDU retransmission, we could have the following Options:
· Option 1: The HARQ process of the retransmission is the same as the HARQ process of the initial transmission.
· Option 2: The HARQ process of the retransmission can be either same or different from the HARQ process of the initial transmission.
From our understanding, both options can work, and there is no need to rebuild the MAC PDU when the retransmission is performed, as the UL grant does not change for the same CG configuration. Compared with Option 1, Option 2 can have faster retransmission of the MAC PDU.
Proposal 5: When the UE retransmits MAC PDU via CG-SDT, the HARQ process of the retransmission can be either same or different from the HARQ process of the initial transmission.

Subsequent data transmission
Number of HARQ process used for the subsequent data transmission
After the reception of the gNB response, the UE should be able to send/receive the subsequent data in UL/DL. We consider that the subsequent data transmission procedure of the RACH SDT procedure can be reused for the CG-SDT. Then we could have the following two ways to support the subsequent data transmission:
· Dynamic scheduling via x-RNTI PDCCH
· CG
In order to support the dynamic scheduling, the gNB needs to assign an x-RNTI to schedule the new data transmission. Then the UE can monitor the x-RNTI PDCCH for the subsequent data transmission and for the reception of the RRCRelease message. On the other hand, all CG resource as provided in the RRCRelease message can also be used for the subsequent UL data transmission.
Proposal 6: After the reception of the L1 ACK and before the reception of the RRCRelease, more than MAC PDUs can be transmitted via the CG.
[bookmark: _GoBack]BWP handling
As RAN2 already agreed to introduce a separate BWP for the CG SDT, RAN2 needs to discuss the UE behaviours of switching its serving BWP between the initial BWP and the SDT BWP.
As the BWP configuration of CG SDT is provided via the RRCRelease message, the SDT BWP should only be used when the CG SDT is triggered. As such, the initial state of the CG-SDT BWP should be deactivated. Then the UE should camp at the initial BWP as legacy (i.e. the initial BWP is activated).
Proposal 7: The CG-SDT BWP is deactivated when the configuration of CG-SDT BWP is provided in the RRCRelease message.
When the UE selects the CG-SDT, the UE should activate the CG-SDT BWP and deactivate the initial BWP, so as to use the CG resource configured in the CG-SDT.
Proposal 8: When the UE selects the CG-SDT, the UE activates the CG-SDT BWP and deactivates the initial BWP.
During the CG-SDT procedure, the UE could switch from the CG-SDT to the RACH-SDT or switch from the SDT to the normal RACH procedure. As the RACH-SDT and the normal RACH procedure is configured in the initial BWP, the UE should deactivate the CG-SDT BWP and activate the initial BWP.
Proposal 9: If the UE switches from the CG-SDT to the RACH-SDT or switches from the SDT to the normal RACH procedure, the UE deactivates the CG-SDT BWP and activates the initial BWP.
Other issues
How to keep the UE in the CG-SDT cell
As the RAN2 agreement quoted above, the CG resource for SDT is only valid in the same serving cell as CONNECTED. When the UE is released to the INACTIVE state via the RRCRelease message, the UE would start the cell reselection based on the frequency priority provided in SIB and RRCRelease message. The dedicated frequency priority will be kept during the running period of T320. The dedicated frequency priority configuration via RRCRelease is quoted as follows:
	CellReselectionPriorities ::=       SEQUENCE {
    freqPriorityListEUTRA               FreqPriorityListEUTRA                                               OPTIONAL,       -- Need M
    freqPriorityListNR                  FreqPriorityListNR                                                  OPTIONAL,       -- Need M
    t320                                ENUMERATED {min5, min10, min20, min30, min60, min120, min180, spare1} OPTIONAL,     -- Need R
    ...
}




Figure 1: Issue of dedicated frequency priority for CG-SDT
If we reuse the dedicated frequency to keep the UE on the cell of the CG resource as current RRC specification, the CG resource could become invalid at any point of time. As illustrated in Figure 1, when the RSRP change is above a threshold, the CG resource could be invalid during the running period of T320. Then the UE would still be kept at the frequency which does not provide the CG resource for the UE. 
Observation 2: The frequency providing the CG resource should be prioritized.
Observation 3: The UE could be kept at the frequency of CG resource even though the CG resource becomes invalid due to RSRP change. 
Thus, we consider that RAN2 should discuss how to resolve the issue observed above.
Proposal 10: RAN2 is kindly requested to discuss how to keep the UE at the cell/frequency of CG resource when the CG is still valid.

Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: If the transmission of multiplex HARQ processes is supported during the initial CG-SDT phase, the CCCH message needs to be added in each MAC PDU.
Observation 2: The frequency providing the CG resource should be prioritized.
Observation 3: The UE could be kept at the frequency of CG resource even though the CG resource becomes invalid due to RSRP change. 

Proposal 1: The UE request of CG configuration is not needed. 
Proposal 2: The HARQ process ID is calculated based on the CG location.
Proposal 3: Only one MAC PDU is transmitted for the initial CG-SDT transmission (i.e. before the reception of the gNB response).
Proposal 4: When the gNB response is not received during the monitoring window of feedback, the UE retransmits the MAC PDU via CG-SDT.
Proposal 5: When the UE retransmits MAC PDU via CG-SDT, the HARQ process of the retransmission can be either same or different from the HARQ process of the initial transmission.
Proposal 6: After the reception of the L1 ACK and before the reception of the RRCRelease, more than MAC PDUs can be transmitted via the CG.
Proposal 7: The CG-SDT BWP is deactivated when the configuration of CG-SDT BWP is provided in the RRCRelease message.
Proposal 8: When the UE selects the CG-SDT, the UE activates the CG-SDT BWP and deactivates the initial BWP.
Proposal 9: If the UE switches from the CG-SDT to the RACH-SDT or switches from the SDT to the normal RACH procedure, the UE deactivates the CG-SDT BWP and activates the initial BWP.
Proposal 10: RAN2 is kindly requested to discuss how to keep the UE at the cell/frequency of CG resource when the CG is still valid.
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