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Introduction
In RAN2 #111e meeting, several agreements were made related to the preconfigured PUSCH resource based NR small data transmission.
Agreements 
1 	Small data transmission with RRC message is supported as baseline for RA-based and CG based schemes  
2	RRC-less can be studied for limited use cases (e.g. same serving cell and/or for CG) with lower priority
3	Context fetch and data forwarding with anchor re-location and without anchor re-location will be considered.   FFS if there are problems with the scenario “without anchor relocation”. 
4	From RAN2 perspective, stored “configuration” in the UE Context is used for the RLC bearer configuration for any SDT mechanism (RACH and CG).
5	The 2-step RACH or 4-step RACH should be applied to RACH based uplink small data transmission in RRC_INACTIVE
6	The uplink small data can be sent in MSGA of 2-step RACH or msg3 of 4-step RACH.
7	Small data transmission is configured by the network on a per DRB basis
8	Data volume threshold is used for the UE to decide whether to do SDT or not.   FFS how we calculate data volume.  
	FFS if an “additional SDT specific” RSRP threshold is further used to determine whether the UE should do SDT
9	UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED is supported 
10	When UE is in RRC_INACTIVE, it should be possible to send multiple UL and DL packets as part of the same SDT mechanism and without transitioning to RRC_CONNECTED on dedicated grant.  FFS on details and whether any indication to network is needed.  

During email discussion, there are some remaining issues which need more discussions. In this paper, we would like to discuss more details on configured grant (CG) based UL small data transmission solution and provide our view.
Discussion
According to NR small data WID [1], the small data transmission on the pre-configured PUSCH resource in RRC_INACTIVE should be studied. The configuration of the configured grant and the procedure for small data transmission via configured grant (CG) needs further discussion.
In LTE eMTC and NB-IOT, the PUR (i.e. Preconfigured Uplink Resource) can be configured to UE in previous connection, and the PUR is used for transmission of the uplink data when UE is in RRC_IDLE. For NR small data transmission in RRC_INACTIVE, like eMTC and NB-IOT, configured grant is used for UE to perform small data transmisson in uplink. UE receives configured grant configuration and transmits uplink small data without entering RRC_CONNECTED. It has the benefit of power saving to keep UE in RRC_INACTIVE state for small data transmission.
The configuration of configured grant resource can be provided by network when UE is in RRC_CONNECTED, so that UE can use the configured grant resource when UE moves to the RRC_INACTIVE. The configuration of configured resource for UE small data transfer is decided by network in various scenarios. 
· UE assistance information, provided by UE indicating the current buffer status, traffic pattern with one-shot or multi-shot traffic, periodicity of traffic arrival and/or amount of data UE may have on each traffic occasion; The details are discussed in our companion paper [2];
· Network assessment information, including any traffic statistics stored by gNB itself, either as part of the UE context in the case of RRC_INACTIVE or local RRM policy;
· UE request message. UE could send the configured grant request message for future small data transfer when UE is in RRC_CONNECTED.
Therefore, we have the following proposal.
[bookmark: _Hlk53748703]Proposal 1: The configuration of configured grant resource for UE uplink small data transfer can be decided by network based on UE assistance information, network assessment and/or UE’s request message. 
Based on the different cases analyzed above, network decides whether configure UE the configured grant resource for small data transfer. The configured grant resource configuration is provided to UE in the following scenarios.
· When UE is in RRC_CONNECTED, based on UE request message or UE assistance information, the configuration of configured grant resource can be contained in the RRC release message with suspendConfig when UE moving from RRC_CONNECTED to RRC_INACTIVE.
· For RACH based small data transmission, the configured grant resource can be contained in RRC release message included in MSGB or Msg4 for the RACH successful user in response to the UE assistance information.
Observation 1: The configuration of configured grant resource can be contained in the RRCRelease message (with suspendConfig) when UE moving from RRC_CONNECTED to RRC_INACTIVE.
Observation 2: The configuration of configured grant resource can be sent in RRCRelease message included in MSGB or Msg4 for the RACH successful user in response to the UE assistance information (i.e. UE small data request message).
Therefore, the configuration of configured grant resource for UE small data transfer can be contained in the RRC release message.
Proposal 2: The configuration of configured grant resource for UE uplink small data transfer is contained in the RRCRelease message if UE is allowed to transmit small data in RRC_INACTIVE.

Configuration of configured grant resources in multi-beam operation
In our view, the Rel-15/16 configured grant Type 1 could be reused as baseline. From UE point of view, the configured grant resource is dedicated, and it is up to network implementation whether the resource could be shared to other UEs. Based on the UE request message or UE assistance information or network assessment, the preconfigured PUSCH resource should support both one-shot traffic and multi-shot traffic pattern.
The one-shot traffic could be a kind of one burst data such as the instant messaging, picture, etc. Once the data stored in UE buffer is sent, the traffic is finished. The multi-shot traffic could be the small data traffic arrival with gaps (i.e. positioning reporting), or more traffic arrival in response to the application feedback from network after the first uplink transmission. For example, UE may send the first object of traffic, and its buffer becomes empty. Once network returns its ACK, UE’s application layer may generate more objects to send.
Thus, network should be able to provide one or multiple uplink grant resources for UE to perform small data transfer.
Proposal 3: The configuration of configured grant resource includes one or multiple uplink grant resources for UE uplink small data transmission.
Together with configuration for one or multiple uplink grant resources, network should additionally configure UE with more configured grant information. Although the Rel-15/16 configuration grant Type 1 configuration is conducted in RRC_CONNECTED, most of the Rel-15/16 configuration grant Type 1 configuration should be included in the configured grant configuration for small data transfer in RRC_INACTIVE, such as the periodicity of the configured grant resource, time and/or frequency domain resource allocation, search space, number of HARQ processes for configured grant (in case multiple uplink grant resources are configured), retransmission timer, etc.
Proposal 4: The periodicity of configured grant resources, retransmission timer and number of HARQ processes should be included in the configuration of configured grant resource for UE uplink small data transmission.
The configured grant based small data transmission could also be operated in multi-beam scenario. How to associate the configured grant resource with the beam resource should be discussed. When UE initiates to transmit small data, UE may move to another beam for DL measurement, which is different from the one when UE received the configuration of configured grant. It is importance of network to acquire the correct Tx/Rx beam for the desired small data UE in RRC_INACTIVE. The procedure of how to select the candidate beam for UE could be similar to the beam selection in RACH procedure.
Specifically, network configures a list of candidate SSBs for UE. These SSBs are used by UE to determine which Tx/Rx beam to use when transmitting over configured grant resource. There should be a mapping relationship between candidate SSBs and configured grant occasions of each configured grant, as shown in Figure1. Similar to SSBs mapping to RACH occasions, this mapping tells UE which subset of candidate SSBs is associated with each configured grant occasion.
Observation 3: The procedure of how candidate beam is selected for UE and mapping between candidate beam and configured grant occasion could be similar to the candidate beam selection in RACH procedure.
The procedure of configured resource selection could be as following. UE initiates the small data transfer over the configured grant resource when UE satisfies criteria for transmission over configured grant. UE first measures RSRP of configured candidate SSBs, and choose 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 configured grant resource occasion associated with the selected SSB. For RRC-based solution, the RRC resume request message together with the user data could be transmitted in the selected configured grant resource.
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Figure 1 The candidate beam associated with the configured grant (CG) occasion
Proposal 5: A set of configured grant resource occasions within one uplink grant resource is configured, and each occasion is associated with one configured candidate beam.
Proposal 6: The RSRP threshold is introduced to select the best beam among the configured candidate beams.
UE should monitor network’s response after it transmits data over configured grant resource, and may also monitor the potential 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.
Proposal 7: UE should monitor PDCCH in a configured search space with a new RNTI after transmitting the first uplink small data in the configured grant resources.

Validity of CG resources
Using the configured grant resource to perform small data transmission requires that UE has the same uplink timing as when it is configured with the configured grant resource. However, the small data transfer scenario typically has very low duty cycle and UE may not perform regular uplink transmission in RRC_INACTIVE. Hence, it is not easy for UE and network to maintain their uplink synchronization. 
Further, when UE moves to RRC_INACTIVE state, MAC will be reset, and default MAC cell group is released. If MAC is reset, the TA timer is stopped. For the uplink time alignment when UE performing small data transfer in configured grant resource in RRC_INACTIVE, it is not suitable for UE and network to reuse the TA timer configuration. Because legacy TA timer configuration is only valid and used in RRC_CONNECTED, and the non-regular uplink transmission is a different scenario when UE is in RRC_INACTIVE. If the legacy TA timer is modified to be used in RRC_INACTIVE, there should be lots of spec impact and it will cause unnecessary complexity. Thus, a new TA timer is preferred to be introduced which is clearer for the uplink time alignment function and specification when UE is in RRC_INACTIVE.
Proposal 8: A new TA timer for TA maintenance specified for configured grant based small data transfer in RRC_INACTIVE should be introduced.
The configuration of configured grant is from the serving cell when UE receives the RRC release message. The configured resource should be valid only in the same serving cell. When cell re-selection occurs, the configured grant resource should be released.
Proposal 9: The configuration of configured grant resource for UE small data transmission is valid only in the same serving cell.
Taking the above analysis into account, the following criteria of selecting the configured grant based small data transfer should be considered. 
· User data is smaller than the data volume threshold; 
· Configured grant resource is configured;
· UE has valid TA; 
· At least one of the candidate beams has RSRP above threshold.

Proposal 10: The criteria for UE selecting the configured grant based small data transfer at least includes (1) user data is smaller than the data volume threshold; (2) configured grant resource is configured ; (3) UE has valid TA; (4) at least one of the candidate beams has RSRP above threshold.

Conclusion
We have the following observations:
Observation 1: The configuration of configured grant resource can be contained in the RRCRelease message (with suspendConfig) when UE moving from RRC_CONNECTED to RRC_INACTIVE.
Observation 2: The configuration of configured grant resource can be sent in RRCRelease message included in MSGB or Msg4 for the RACH successful user in response to the UE assistance information (i.e. UE small data request message).
Observation 3: The procedure of how candidate beam is selected for UE and mapping between candidate beam and configured grant occasion could be similar to the candidate beam selection in RACH procedure.
[bookmark: _GoBack]We’d recommend RAN2 to discuss and adopt the following proposals:
Proposal 1: The configuration of configured grant resource for UE uplink small data transfer can be decided by network based on UE assistance information, network assessment and/or UE’s request message. 
Proposal 2: The configuration of configured grant resource for UE uplink small data transfer is contained in the RRCRelease message if UE is allowed to transmit small data in RRC_INACTIVE.
Proposal 3: The configuration of configured grant resource includes one or multiple uplink grant resources for UE uplink small data transmission.
Proposal 4: The periodicity of configured grant resources, retransmission timer and number of HARQ processes should be included in the configuration of configured grant resource for UE uplink small data transmission.
Proposal 5: A set of configured grant resource occasions within one uplink grant resource is configured, and each occasion is associated with one configured candidate beam.
Proposal 6: The RSRP threshold is introduced to select the best beam among the configured candidate beams.
Proposal 7: UE should monitor PDCCH in a configured search space with a new RNTI after transmitting the first uplink small data in the configured grant resources.
Proposal 8: A new TA timer for TA maintenance specified for configured grant based small data transfer in RRC_INACTIVE should be introduced.
Proposal 9: The configuration of configured grant resource for UE small data transmission is valid only in the same serving cell.
Proposal 10: The criteria for UE selecting the configured grant based small data transfer at least includes (1) user data is smaller than the data volume threshold; (2) configured grant resource is configured ; (3) UE has valid TA; (4) at least one of the candidate beams has RSRP above threshold.
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