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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:
	· 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
The following issues related to the CG-SDT resource configuration are included in the email discussion in [2]:
· BWP operation
· Association between SSB and CG resource
· UE-specific search space
· CS-RNTI for CG retransmission
In this contribution, we discuss the remaining issues of the CG-SDT.
Discussion
CG-SDT configuration 
UE request of CG configuration
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. 
CG configuration release via system information indication
In [6], companies discussed whether the CG release indication via system information is required. The motivation is to allow the gNB to release all the CG resources when a cell is congested. However, using 1 bit to release all CG resources seems overkill as the congestion can be alleviated by just releasing part of all CG resources. If the release via SIB is only for part of the CG resources in a cell, more bits in SIB would be required, and more discussion is required on how to group the CG configuration(s) to the corresponding releasing bit. Furthermore, the gNB by implementation is able to use the RRCRelease message to reconfigure/release the CG resource. The optimization on the CG release via system information seems not urgent, as the gNB in most cases would already start releasing some CG resources when a cell is about to be congested (e.g. when 70 percent of the radio resource are occupied).
Proposal 2: The CG resource release via system information indication is not needed.

CG-SDT selection
RSRP-based TA validation 
According to the LS [4] from RAN1, RAN1 confirmed that “the change of RSRP could be taken as an optional criterion for determining the validity of the UL TA for CG-SDT considering the multi-beam operation”. RAN1 considers that whether the RSRP change threshold is configured as per cell, per set of SSBs, or per CG PUSCH configuration should be studied by RAN2. Then we could have the following options for configuring the RSRP change threshold:
· Option 1: per cell
· Option 2: per set of SSBs
· Option 3: per SSB
· Option 4: per CG PUSCH configuration
For the cell level RSRP measurement result of the IDLE/INACTIVE UE as defined in 38.304 [5], the IDLE/INACTIVE UE could derive the cell-level RSRP as “the highest beam measurement quantity value” or “the linear average of the power values of up to nrofSS-BlocksToAverage of highest beam measurement quantity values above absThreshSS-BlocksConsolidation”. From our understanding, the RSRP could be quite different amongst different beams (i.e. different SSBs). As RAN1 also considers that “the RSRP in the criterion is a linear averaged RSRP of a subset of SSBs”, the RSRP for TA validation could be changed dramatically when the selected SSBs for the linear averaged RSRP of TA validation are changed. Thus, we consider that the RSRP change threshold should be configured for the subset of SSBs, which are used for the linear averaged RSRP of TA validation. For example, if the RSRP measurement result used for the TA validation is derived as the linear averaged RSRP of SSB1 and SSB2, then RSRP change threshold needs to be configured for the consolidated RSRP measurement result of SSB1 and SSB2.
Observation 1: RAN1 already agreed that the RSRP in the TA validation is a linear averaged RSRP of a subset of SSBs.
Proposal 3: The RSRP change threshold is configured per set of SSBs.
Selection of SSB
According to [6], if none of SSB(s) has RSRP above the configured threshold, we could have the following options for the CG-SDT:
· Option 1: Select any SSB for CG-SDT
· Option 2: Select RA-SDT
· Option 3: Select non-SDT RACH
For Option 1, if the UE selects any SSB for CG-SDT, the CG transmission would fail due to the bad radio condition for the CG transmission. According to the legacy RACH procedure, if the CFRA has no SS-RSRP above the configured threshold, the UE would still check the SS-RSRP of the CBRA and select the SSB above the threshold for the CBRA. This is to allow the UE to select a proper beam for CBRA. From our understanding, both Option 2 and Option 3 can work in this case. Compared with Option 3, Option 2 has the benefit of providing additional opportunity for the UE to use the SDT procedure.
Proposal 4: When none of the CG-SDT SS-RSRP is above the threshold, the UE selects RA-SDT.

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.
For both Options, the retransmission of the MAC PDU should be via the CG of the same HARQ process of the initial transmission. Compared with Option 2, Option 1 would delay the retransmission of the MAC PDU, as the UE would have to wait for the CG resource of the same HARQ process. To reduce the retransmission delay, Option 2 is preferred.
Proposal 5: The HARQ process is selected by the UE.

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 2: 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 6: Only one HARQ process is supported for the initial CG-SDT transmission (i.e. before the reception of the gNB response).

Feedback from gNB
gNB feedback 
Regarding the feedback from the gNB, we think that the RRCRelease message as the RACH SDT can be used to terminate the CG-SDT procedure. However, the L1 ACK feedback (e.g. NR-U DFI) is also needed in order to support the retransmission of the MAC PDU, which is not received by the gNB. The RRCRelease message cannot be used as the ACK for the initial data transmission, as the RRCRelease message will terminate the SDT procedure according to the previous RAN2 agreement. Then the subsequent data transmission cannot be supported. For example, when the UE does not receive the gNB feedback during the feedback window, the UE starts the autonomous retransmission of the MAC PDU. After the reception of the L1 ACK and before the reception of the RRCRelease message, the subsequent data transmission can be supported for the CG-SDT. 
Observation 3: The L1 feedback is required in order to support the autonomous retransmission of MAC PDU.
Observation 4: If the RRCRelease message is used as the response for the initial SDT transmission, the subsequent data transmission cannot be supported, as the RRCRelease message will terminate the SDT procedure.
Proposal 7: L1-ACK is supported for the CG-SDT.

Timer for the feedback reception
According to the discussion in [2], most companies consider that a UE-specific search space is needed for the response reception after the UL transmission. Then the UE starts a window (e.g. a timer) for the reception of the gNB response.
According to the legacy CG operation, when the UE starts the configuredGrantTimer when the transmission on the CG resource is performed. When the configuredGrantTimer for a HARQ process is running, the UE is not allowed to use the HARQ process for the new data transmission. Firstly, we think that the configuredGrantTimer can be reused for the CG-SDT, to avoid the subsequent data overriding the data stored in the same HARQ buffer of the initial SDT transmission.
Regarding the cg-RetransmissionTimer, this timer starts for the NR-U CG when the CG transmission is performed without LBT failure. When the cg-RetransmissionTimer expires, the UE retransmit the MAC PDU in the next CG resource. When the UE receives DFI (i.e. the HARQ ACK feedback), the UE stops the cg-RetransmissionTimer. For the CG-SDT cg-RetransmissionTimer, we only need to define in the specification that the UE monitors the reception of the gNB response (e.g. DFI), and other UE behaviours regarding the cg-RetransmissionTimer can be kept as the Rel-16.
Proposal 8: Both the configuredGrantTimer and the cg-RetransmissionTimer are reused.
Proposal 9: The UE monitors the L1 ACK when the cg-RetransmissionTimer is running.

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. However, the CG has the HARQ buffer, which stores the MAC PDU in the initial transmission. There is no need to waste extra buffers in the UE for the MAC PDU retransmission. This means that the UE can perform the HARQ new transmission via the same HARQ process, when the L1 ACK is not received from the gNB.
Proposal 10: When the response is not received during the running period of cg-RetransmissionTimer, the UE retransmits the MAC PDU via CG-SDT.
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
[bookmark: _GoBack]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 11: After the reception of the L1 ACK and before the reception of the RRCRelease, more than one HARQ processes of the CG can be used for the subsequent data transmission.
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 5: The frequency providing the CG resource should be prioritized.
Observation 6: 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 12: 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: RAN1 already agreed that the RSRP in the TA validation is a linear averaged RSRP of a subset of SSBs.
Observation 2: 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 3: The L1 feedback is required in order to support the autonomous retransmission of MAC PDU.
Observation 4: If the RRCRelease message is used as the response for the initial SDT transmission, the subsequent data transmission cannot be supported, as the RRCRelease message will terminate the SDT procedure.
Observation 5: The frequency providing the CG resource should be prioritized.
Observation 6: 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 CG resource release via system information indication is not needed.
Proposal 3: The RSRP change threshold is configured per set of SSBs.
Proposal 4: When none of the CG-SDT SS-RSRP is above the threshold, the UE selects RA-SDT.
Proposal 5: The HARQ process is selected by the UE.
Proposal 6: Only one HARQ process is supported for the initial CG-SDT transmission (i.e. before the reception of the gNB response).
Proposal 7: L1-ACK is supported for the CG-SDT.
Proposal 8: Both the configuredGrantTimer and the cg-RetransmissionTimer are reused.
Proposal 9: The UE monitors the L1 ACK when the cg-RetransmissionTimer is running.
Proposal 10: When the response is not received during the running period of cg-RetransmissionTimer, the UE retransmits the MAC PDU via CG-SDT.
Proposal 11: After the reception of the L1 ACK and before the reception of the RRCRelease, more than one HARQ processes of the CG can be used for the subsequent data transmission.
Proposal 12: 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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