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Introduction
RAN2 #115e meeting has made several agreements related to CG based SDT.
	Agreements
1.	If none of the SSBs’ RSRP is above the RSRP threshold of CG-SDT criteria in the type selection phase, UE should select RA-SDT if RA-SDT criteria is met
2.	MAC PDU rebuilding is not required (unless we find a case that is needed)
3.	During subsequent CG transmission phase (i.e. after the UE has received response from NW) UE can initiate at least legacy RACH procedure (e.g. trigger due to no UL resources).  No MAC PDU rebuilding is required.  FFS if the RA-SDT RA resources can be used for subsequent data.   
a.	At least the following conditions are agreed: (1) no qualified SSB when the evaluation is performed; (2) when TA is invalid; (3) when SR is triggered due to lack of UL resource
4.	UE should release CG-SDT resource (if stored) when UE initiates RRC resume procedure from another cell which is different from the cell in which the RRCRelease is received.
5.	The C-RNTI previously configured in RRC_CONNECTED state is used for UE to monitor PDCCH in CG-SDT.  
6.	CS-RNTI based dynamic retransmission mechanism can be reused for CG-SDT.  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
7.	During the subsequent new CG transmission phase, for the purpose of CG resource selection, UE re-evaluates the SSB for subsequent CG transmission.  FFS what happens if no SSBs are valid or if no sample is available
8.	From RAN2 perspective, at least the following parameters should be included in the CG-SDT configuration. FFS whether these parameters are common for multiple CG-SDT configurations or per CG-SDT configuration.
· The new TA timer in RRC_INACTIVE;
· The RSRP change threshold for TA validation mechanism in SDT (details dependent on RAN1);
· The SSB RSRP threshold for beam selection (i.e. UE selects the beam and associated CG resource for data transmission).



In this paper, we would like to discuss more details specific to the CG based SDT and provide our view.
Discussion
[bookmark: _Ref69034633]Monitoring window for CG-SDT
The RAN2 #113bis-e meeting made the following agreement, i.e., UE should start a window after CG/DG transmission for CG-SDT. Whether introduce a new timer or reuse an existing timer is FFS.
	RAN2 #113bis-e agreement
UE start a window after CG/DG transmission for CG-SDT. FFS whether to design a new timer or to reuse an existing timer.



In the email discussion [1], whether a new timer or reusing the existing timer was discussed. The email discussion [2] also trigger many discussions about the behavior of CG-SDT timer. 
In our view, the new timer served for PDCCH monitoring after CG/DG transmission for CG-SDT should be a MAC layer timer. Within the timer period, UE should monitor PDCCH to check any feedback from network on the status of latest transmission. According to the feedback, UE can decide to perform a new transmission or retransmission so that UE can save power when the timer expires.
While for the SDT failure detection timer, i.e., new T319 timer, it should be a RRC layer timer serving for failure detection of CG-SDT, and RAN2 #113bis-e meeting has agreed the stop conditions of legacy T319 should apply to SDT failure detection timer. If UE does not receive the RRC response message (i.e., the stop conditions of legacy T319) before the SDT failure detection timer expires, UE should indicate the SDT failure to the upper layer. Thus, the intention of the SDT failure detection timer is obviously different from that of the monitoring window for PDCCH in PHY/MAC layer.
Observation 1: The new timer for PDCCH monitoring in the CG-SDT should be a MAC layer timer. 
In the email discussion [2], the UE behavior of autonomous retransmission the MAC PDU upon the expiry of the CG-SDT timer was discussed. We think such autonomous retransmission mechanism may not be such critical for small data transmission. RAN2 has agreed to allow using dynamic grants to handle the retransmission. The autonomous retransmission is a kind of optimization. In our view, similar to the Rel-15/16 CG mechanism, the new timer could be similar to the DRX retransmission timer. UE should monitor PDCCH for any feedback scheduled by network during the retransmission timer running. UE stops the timer if UE receives any PDCCH grant scheduling from network. When the timer expires, UE stops the PDCCH monitoring. And if no dynamic grant for retransmission is received, UE assumes the transmission is successful. 
Since RAN2 has agreed that the connected mode DRX is not supported for SDT, a new timer can be introduced for PDCCH monitoring with the behavior similar to the DRX retransmission timer. The new timer (re)starts after each CG transmission or retransmission scheduled by network.
Proposal 1: A new timer is introduced for PDCCH monitoring after CG/DG transmission for CG-SDT. The behavior of the new timer could be similar to the DRX retransmission timer.
Proposal 2: The new timer (re)starts after each CG transmission or retransmission scheduled by network and stops if UE receives any PDCCH scheduling from network.

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. 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 when the next CG occasion is coming, it is worse for UE reporting no qualified SSB for CG resource. In RAN2 #115e meeting, there is FFS on what happens if no SSBs are valid or if no sample is available.
Observation 2: 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 [3], 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 finish the SSB evaluation. Thus, we have the following proposals.
Proposal 3: If no valid SSB available to be evaluated and/or UE hasn’t finished the SSB evaluation before the next CG transmission, UE should be allowed to use the latest SSB to perform the next CG transmission.

SSB subset for RSRP based TA validation
According to the RAN1 LS [4], RAN1 has discussed about the issue of the SSB subset determination for RSRP based TA validation, and they didn’t achieve the consensus. Several options discussed by RAN1 are listed below, and RAN1 request RAN2 to do down-selection.
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

In our understanding, whether has valid TA is one for the criteria for CG-SDT. Regarding the TAT-SDT timer, RAN2 has agreed that UE release CG-SDT resources when TAT-SDT timer expires. Therefore, UE should evaluate whether the desired CG resource within one CG configuration being used for SDT is satisfied the criteria or not. Since the SSB is configured to associate with the CG resource per CG configuration, the RSRP of the set of SSB configured within one CG configuration should be measured and evaluated. Thus, the SSB subset for RSRP based TA validation should be determined by the set of SSBs configured within one CG configuration. We don’t observe the benefit to measure the set of SSBs configured for all CG configurations for RSRP based TA validation as well as other options. UE should select CG resource to perform SDT only from one CG configuration upon CG-SDT initiation. 
Proposal 4: The SSB subset of RSRP based TA validation is determined by a set of SSBs configured per CG configuration (option 1). 

CG resource request message
In the RAN2 #112e and #113e post email discussion, whether UE should send CG resource request message for CG-SDT resource while being in RRC_CONNECTED has been extensively discussed. In the LTE PUR, the PUR resource configured for a UE could be triggered either by UE sending a PUR Configuration Request message or by network side information such as, subscription information and/or traffic statistics by network itself. Based on UE request, network may configure PUR to the UE.
For NR small data transmission, the similar mechanism could be adopted which will be quite efficient for network to configure the appropriate CG resource for small data transfer. Even the Subscription UE Differentiation Information is known by network, UE may have different traffic requirements in various scenarios. The QoS information cannot always accurately reflect the user requirement. Even for the same type of IoT device, the uplink traffic pattern could not be always the same.
Observation 3: The UE uplink traffic has different traffic profile even for the same device type.
As the analysis in our companion paper [5], the BSR could only reflect the current amount of data UE may already have but could not represent the future traffic profile.
Observation 4: The buffer status report information only reflects the amount of data that UE may already have. It is difficult for network to know the future traffic profile.
If UE is allowed to send CG resource request message, it can be observed that it is beneficial at least in the following scenarios.
1) UE requests CG resource configuration to the network by sending CG resource request message when the UE is in RRC_CONNECTED, and network provides the appropriate CG resource configuration in RRC Release message.
2) UE sends CG resource request message in MSGA/Msg3 to indicate UE buffer and traffic status so that network can decide whether to move UE to RRC_CONNECTED (if potential large amount of data is reported), or keep UE in RRC_INACTIVE and providing the CG resource configuration in the RRC Release message. Noted that in the last meeting, RAN2 has confirmed the RRC Release message sent at the end of the SDT may contain the CG resource.
3) The UE reported CG resource request message could be under the UE assistance information framework and the serving gNB may forward this message via Xn to anchor gNB, which is helpful for the anchor gNB to make decision on the UE RRC state transition or additional UL resource allocation for small data.
Observation 5: It is helpful and beneficial for network to make decision on UE RRC state transition or providing appropriate CG resource for UE if UE sends CG resource request message.
The following contents could be considered in the CG resource request message. 
1) Buffer status information, to indicate the amount of data UE may already have in the buffer.
2) Small data traffic pattern, to indicate the type of small data, e.g., one-shot or multi-shot. The traffic pattern can also optionally include the periodicity of traffic and the amount of data for each traffic occasion.
The CG request message could be a new RRC message or under the UE assistance framework, and the details on prevention redundant request from UEs and whether needs prohibit mechanisms can be for further study. Thus, we have the following proposal.
Proposal 5: UE is allowed to send the CG resource request message to request for appropriate CG configuration from network.
Proposal 6: The CG resource request message contains at least the buffer status, traffic pattern indication with one-shot or multi-shot, periodicity of traffic and estimated amount data of each shot.

SDT support of the unlicensed band
In the email discussion [2], whether SDT should support unlicensed band in Rel-17 has been discussed. According to the latest WID [6], the solutions designed for licensed frequency can be reused for the NR-U if applicable. 
	Focus of the WID should be on licensed carriers and the solutions can be reused for NR-U if applicable.


In our view, the current CG configuration (i.e., CG type 1) in NR-U framework is already specified in Rel-16, and we don’t observe the technical issues to further extent it to support SDT in RRC_INACTIVE state as long as it has the optional capability. The basic CG in NR-U function could be reused in current SDT design w/o further enhancement specific for the unlicensed band. 
Proposal 7: The CG-SDT should be supported in unlicensed band in Rel-17.

BWP configuration for CG-SDT
In latest RAN1 LS [7], it replies that ‘RAN1 cannot reach a consensus on whether to confirm RAN2 agreement that CG-SDT resource can be configured on separate SDT BWP with the concern on necessity.’ That means RAN1 cannot confirm to configure the separate SDT BWP for CG-SDT.
Considering the dependency of the previous RAN2 agreement, RAN2 asked RAN1 to confirm whether CG-SDT resource can be configured on either initial BWP or separate SDT BWP. Since RAN1 provides the confirmation and shows concern on the necessity, RAN2 should only agree the CG-SDT resource can be configured on the initial BWP only in Rel-17.
Proposal 8: CG-SDT resource can be configured on the initial BWP only in Rel-17.

Conclusion
We have the following observations, and we’d recommend RAN2 to discuss and adopt the following proposals:
Monitoring window for CG-SDT
Observation 1: The new timer for PDCCH monitoring in the CG-SDT should be a MAC layer timer. 
Proposal 1: A new timer is introduced for PDCCH monitoring after CG/DG transmission for CG-SDT. The behavior of the new timer could be similar to the DRX retransmission timer.
Proposal 2: The new timer (re)starts after each CG transmission or retransmission scheduled by network and stops if UE receives any PDCCH scheduling from network.
Re-evaluate the SSB for every CG transmission
Observation 2: 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 3: If no valid SSB available to be evaluated and/or UE hasn’t finished the SSB evaluation before the next CG transmission, UE should be allowed to use the latest SSB to perform the next CG transmission.
SSB subset for RSRP based TA validation
Proposal 4: The SSB subset of RSRP based TA validation is determined by a set of SSBs configured per CG configuration (option 1). 
CG resource request message
Observation 3: The UE uplink traffic has different traffic profile even for the same device type.
Observation 4: The buffer status report information only reflects the amount of data that UE may already have. It is difficult for network to know the future traffic profile.
Observation 5: It is helpful and beneficial for network to make decision on UE RRC state transition or providing appropriate CG resource for UE if UE sends CG resource request message.
Proposal 5: UE is allowed to send the CG resource request message to request for appropriate CG configuration from network.
Proposal 6: The CG resource request message contains at least the buffer status, traffic pattern indication with one-shot or multi-shot, periodicity of traffic and estimated amount data of each shot.
SDT support of the unlicensed band
Proposal 7: The CG-SDT should be supported in unlicensed band in Rel-17.
BWP configuration for CG-SDT
Proposal 8: CG-SDT resource can be configured on the initial BWP only in Rel-17.
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