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Introduction
RAN2 #112e meeting has made several agreements related to CG based NR small data transmission.
Agreements:
1 The configuration of configured grant resource for UE uplink small data transfer is contained in the RRCRelease message.  FFS if other dedicated messages can configure CG in INACTIVE CG. Configuration is only type 1 CG with no contention resolution procedure for CG. 
2 The configuration of configured grant resource can include one type 1 CG configuration.  FFS if multiple configured CGs are allowed
3 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.
4 The configuration of configured grant resource for UE small data transmission is valid only in the same serving cell.  FFS for other CG validity criteria (e.g. timer, UL/SUL aspect, etc)
5 The UE can use configured grant based small data transfer if at least the following criteria is fulfilled (1) user data is smaller than the data volume threshold; (2) configured grant resource is configured and valid; (3) UE has valid TA.  FFS for the candidate beam criteria.  
6 From RAN2 point of view:  An association between CG resources and SSBs is required for CG-based SDT.  FFS up to RAN1 how the association is configured or provided to the UE.  Send an LS to RAN1 to start the discussion on how the association can be made.   Mention that one option RAN2 considered was explicit configuration with RRC Release message
7 A SS-RSRP threshold is configured for SSB selection. UE selects one of the SSB with SS-RSRP above the threshold and selects the associated CG resource for UL data transmission.

The post meeting email discussion ‘[Post112-e][550][SDT] Further details of CG aspects’ also focuses on discussing the further details of CG based NR small data transmission. 
In this paper, we would like to discuss more details specific to the CG based small data transmission and provide our view.
Discussion
CG resource request message
During post meeting email discussion ‘[Post112-e][550][SDT] Further details of CG aspects’, whether UE should be allowed to request to network for CG-SDT resource while being in RRC_CONNECTED has been discussed. For 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 is 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 still have different traffic requirements in various scenarios. Even for the same type of IoT device, the uplink traffic pattern could not be always the same.
Observation 1: The UE uplink traffic should have different profile even for the same device type.
As the analysis in our companion paper [2], the BSR reporting could only reflect the current amount of data UE may have but could not represent what is the future traffic profile.
Observation 2: The buffer status report information could only reflect the current amount of data that UE may have. It is difficult for network to know the future traffic profile.
The CG request message could be 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 1: UE is allowed to send the CG request message to request appropriate CG configuration from network. 

Configuration of CG resources in multi-beam operation
In the last RAN2 meeting, it has been agreed that an association between CG resources and SSBs is required for CG-based SDT, and a SS-RSRP threshold is configured for SSB selection. UE selects one of the SSBs with SS-RSRP above the threshold and selects the associated CG resource for UL data transmission. How to configure the association is up to RAN1 for further study in the LS [3].
During the post meeting email discussion ‘[Post112-e][550][SDT] Further details of CG aspects’, it seems majority companies agree that subsequent data transmission can use both CG and DG resources, which also makes sense for us to mostly reuse the Rel-16 framework here. 
Considering the agreements above related to the CG resource configuration in multi-beam operation, the network should configure UE with the following information together with the CG resource. (1) a list of candidate SSBs for UE; (2) mapping between candidate SSBs and CG resources for each CG configurations; (3) RSRP threshold for SSB; (4) The search space(s) in which UE should monitor network’s response. Thus, we make the following proposal.
Proposal 2: Network should configure SDT user at least the following information together with CG resource configuration. (1) a list of candidate SSBs for UE; (2) mapping between candidate SSBs and CG resources for each CG configurations; (3) RSRP threshold for SSB; (4) The search space(s) in which UE should monitor network’s response.
Since network should configure a list of candidate SSBs with an association of CG resources, it should be similar to the mechanism about SSB mapping to RACH occasions. For each CG resource, it consists of multiple CG occasions, and a subset of candidate SSBs is associated with each CG occasions. After selecting the suitable SSBs, UE transmits the small data via the first available CG occasion associated with the selected SSB. In addition, one CG resource configuration should include one or multiple CG resources in order to support subsequent small data transmission. Fig.1 shows an example.
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Figure 1 The candidate beam associated with the configured grant (CG) occasion
Proposal 3: Each CG resource should consist of multiple CG occasions associating with the configured candidate SSBs. One CG resource configuration includes one or multiple CG resources. 

After UE transmits the small data via the CG resource, UE should monitor network’s response and may also monitor the dynamic scheduling for retransmission. UE monitors PDCCH in the configured search space over monitoring occasions that are QCL-ed with its selected SSB. A new UE specific-RNTI is preferred for UE to monitor PDCCH for the response of the transmitted uplink small data or dynamic scheduling for retransmission. It is much clearer for the specification that C-RNTI is only configured and used in RRC_CONNECTED state.
Proposal 4: UE should monitor PDCCH in a configured search space with a new UE specific-RNTI after transmitting the uplink small data in the CG resources.
A monitoring timer should be configured together with the CG resource configuration. UE monitors the PDCCH for the response during the timer. The timer should start at the first PDCCH occasions after the PUSCH transmission, and the timer stops if UE receives the PDCCH response successfully.
Proposal 5: A timer is configured by network for UE to monitor the network response after transmitting small data via CG resource. 

Validity of CG resources
In the last RAN2 meeting, it has been agreed that the UE can use the CG based small data transmission if at least the following criteria are fulfilled (1) user data is smaller than the data volume threshold; (2) configured grant resource is configured and valid; (3) UE has valid TA. But candidate beam criteria is FFS.
In our view, it is necessary to include whether the qualified candidate beam exists as one criteria. The possible CG occasion selection procedure could be as following. 
UE initiates the small data transfer over the CG resource when UE satisfies criteria for transmission over CG (i.e. valid configured CG resource and data size smaller than threshold). UE first measures RSRP of configured candidate SSBs, and chooses a SSB among the candidate SSBs whose RSRP is above a configured RSRP threshold. The SSB selection algorithm could be up to UE implementation, for example, choose the SSB with the strongest RSRP. If the TA validation criteria is satisfied, UE transmits the small data over the first available CG occasion associated with the selected SSB. 
If there is no qualified candidate beam found, it implies that the link quality is not good enough for UE to send user data via CG resource. It is not suitable to use CG based small data transfer, instead, UE might trigger RACH based scheme. Thus, qualified candidate beam should be one of the criteria as well for UE selecting the CG based small data transfer.
Proposal 6: The criteria for UE selecting the CG based small data transfer should also include that at least one of the candidate beams has RSRP above threshold.

Release of CG-SDT resource
In LTE PUR, the resources are periodically assigned. If PUR resources are assigned to a UE which does not have data to send for a long time, it will inevitably cause a waste of resources. Therefore, in LTE PUE a UE can be configured in such a way that it is allowed to skip transmitting a certain number of PUR occasions in a row (up to eight can be configured), after which the PUR configuration is implicitly released.
In NR small data transmission, similar approach was discussed that UE skipping SDT CG resources for a configured number of times also releases the CG-SDT configuration, i.e. the configured uplink grant is released by upper layers and corresponding uplink grants are cleared if UE skips consecutively a configured number of CG grants.
It is possible that UE transmits small data over CG resource but network could not detect the transmission. A CG transmission not received due to bad link condition or beam misalignment can be miss-interpreted as a skipped occasion, thus causing an ambiguity. Network and UE may count different numbers of skipped CG occasions. Then the state of network and UE mismatches. Therefore, we think the implicit release of CG resource method by counting a consecutive number of skipped CG-SDT occasions should not be supported.
Proposal 7: The implicit release of CG resource method by counting a consecutive number of skipped CG resources is not supported.
Another scenario is CG-SDT resource handling during cell re-selection. In last RAN2 meeting, it has been agreed that the configuration of configured grant resource for UE small data transmission is valid only in the same serving cell. The intention of this agreement only asks UE to make the CG resource invalid when UE is not in this serving cell. It does not imply UE has to implicitly release the CG resource when it moves to the new cell. In fact, UE may move back to the previous cell after re-selecting a new cell some time later. It is beneficial for UE to use the previous configured CG resources to avoid additional configuration signaling.
Proposal 8: The CG resource for SDT should be released when UE initiates RRC resume in a new cell.
Conclusion
We have the following observations:
Observation 1: The UE uplink traffic should have different profile even for the same device type.
Observation 2: The buffer status report information could only reflect the current amount of data that UE may have. It is difficult for network to know the future traffic profile.
We’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1: UE is allowed to send the CG request message to request appropriate CG configuration from network. 
Proposal 2: Network should configure SDT user at least the following information together with CG resource configuration. (1) a list of candidate SSBs for UE; (2) mapping between candidate SSBs and CG resources for each CG configurations; (3) RSRP threshold for SSB; (4) The search space(s) in which UE should monitor network’s response.
Proposal 3: Each CG resource should consist of multiple CG occasions associating with the configured candidate SSBs. One CG resource configuration includes one or multiple CG resources.
Proposal 4: UE should monitor PDCCH in a configured search space with a new UE specific-RNTI after transmitting the uplink small data in the CG resources.
Proposal 5: A timer is configured by network for UE to monitor the network response after transmitting small data via CG resource. 
Proposal 6: The criteria for UE selecting the CG based small data transfer should also include that at least one of the candidate beams has RSRP above threshold.
Proposal 7: The implicit release of CG resource method by counting a consecutive number of skipped CG resources is not supported.
[bookmark: _GoBack]Proposal 8: The CG resource for SDT should be released when UE initiates RRC resume in a new cell.
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