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1 Introduction

In RAN#86 meeting, the WI on NR small data transmission in INACTIVE state was approved [1]. The objectives focus on two schemes:

· UL small data transmission for RACH-based schemes (i.e. 2-step and 4-step RACH).

· Transmission of UL data on pre-configured PUSCH resources (i.e. reusing the configured grant type1) – when TA is valid.

In this paper, the following aspects are discussed.
· General procedures of RACH (2-step RACH and 4-step RACH) based and CG based small data transmission.

· Selection criteria of RACH based transmission schemes. 
· Selection criteria between RACH based scheme and CG based scheme.

· RRC involved and RRC not involved.

· Context fetching and anchor relocation.
2 Discussion

2.1 4-step RACH based Small Data Transmission
In general, the procedure of NR small data transmission in RRC_INACTIVE can reuse current LTE UP EDT and D-PUR transmissions as defined in [2][3][4].

For 4-step RACH based small data transmission, the illustrated procedure is shown as follows:
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Figure 1 4-step RACH based small data transmission
· Step1: UE initiates small data transmission and selects a random access preamble configured for small data transmission.

· Step2: UL grant for small data transmission is obtained from RAR.

· Step3: The UE sends an RRCResumeRequest to the gNB, including I-RNTI, the establishment cause, and an authentication token. The UE resumes all SRBs and DRBs, derives new security keys using the NextHopChainingCount provided in the RRCRelease message of the previous RRC connection and re-establishes the AS security. The user data are ciphered and transmitted on DTCH multiplexed with the RRCResumeRequest message on CCCH.

· Step4: The gNB sends the RRCRelease message to keep the UE in RRC_INACTIVE.
Proposal 1 The procedure of LTE UP EDT can be reused as the baseline for 4-step RACH based small data transmission. The user plane data is multiplexed with RRC message in Msg3.

UE should be able to indicate the available small data by partitioning the PRACH resource, in general, two options can be considered:
· Option1: UE only indicates whether there is small data to be transmitted, gNB always schedule the UE will the configured maximum TBS. In this case, one additional preamble group/RO is enough.
· Option2: UE can indicate the size of small data to be transmitted, gNB schedules the UL grant with the TBS indicated by the PRACH resource. In this case, multiple preamble groups/ ROs should be reserved. For example, UE indicates the size of small data to be transmitted is less than 500bits via a preamble in group1 or via a preamble in group2 if the TBS is less than 1000bits but larger than 500bits.
Proposal 2 UE should be able to indicate the small data size by partitioning the PRACH resources.
2.2 2-step RACH based Small Data Transmission
For 2-step RACH based small data transmission, uplink data can be included in MsgA payload, the general procedure can be described in the following steps:
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Figure 2 2-step RACH based small data transmission
· Step1: UE initiates small data transmission and selects a random access preamble configured for small data transmission.

· Step2: The UE sends an RRCResumeRequest to the gNB, including I-RNTI, the establishment cause, and an authentication token. The UE resumes all SRBs and DRBs, derives new security keys using the NextHopChainingCount provided in the RRCRelease message of the previous RRC connection and re-establishes the AS security. The user data are ciphered and transmitted on DTCH multiplexed with the RRCResumeRequest message on CCCH.

· Step3: The gNB sends the RRCRelease message to keep the UE in RRC_INACTIVE. 
Proposal 3 2-step RACH procedure can be used for small data transmission. The user plane data is multiplexed with RRC message in MsgA payload.
For 2-step RACH based small data transmission, UE can determine TBS by the preconfigured PUSCH configuration. Therefore, there is no need for the network to broadcast the TBS threshold as one of the trigger conditions. 
Proposal 4 For 2-step RACH based small data transmission, UE can determine whether to trigger small data when the available data volume is not larger than the configured PUSCH resources for small data.
2.3 CG based Small Data Transmission

For CG based small data transmission, D-PUR transmission procedure can be reused:
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Figure 3 CG based small data transmission
Step1: UE can request for CG resources for INACITVE small data transmission when it is in RRC_CONNECTED.

Step2: gNB allocates CG resources to UE for INACTIVE data transmission and indicates UE to release RRC connection.

Step3: UE initiates small data transmission (e.g. if TA is validated according to a timer or a RSRP threshold) using preconfigured resources. The user data is multiplexed with RRCResumeRequest.

Step4: The gNB sends the RRCRelease message to keep the UE in RRC_INACTIVE.
Proposal 5 LTE D-PUR transmission can be reused as baseline for CG based small data transmission.
2.4 Selection Criteria of RACH-based Schemes
If both two types of RACH based small data transmission resources are configured, the selection criteria of 2-step RACH and 4-step RACH can be reused. UE performs the type selection according to the radio link conditions based on the RSRP threshold configured by the network:
· If the measured RSRP is larger than the threshold, UE selects 2-step RACH based small data transmission;
· If the measured RSRP is lower than the threshold, UE selects 4-step RACH based small data transmission.

Except for the RSRP threshold, the TBS supported by 2-step RACH based and 4-step RACH based small data may not be the same. The TBS provided by the selected type may not meet the data transmission requirements. For example, a UE has the potential uplink data of 900bits, and the TBS threshold signaled for 4-step RACH based small data is 1000 bits while the UL grant provided by 2-step RACH based small data is800bits, in which case the UL grant provided by 2-step RACH based small data type can not accommodate the complete user data. 
To solve the above problem, we propose to take TBS estimation into account if the TBS supported by 2-step RACH based small data and 4-step RACH based small data is different. 
Proposal 6 For small data transmission, selection criteria based on RSRP threshold for 2-step RACH and 4-step RACH can be reused. Other selection criteria can also be discussed. e.g. TB size.

2.5 Type selection between RACH based and CG based Schemes
The RACH resources for small data transmission are signaled via system information and are common under the cell. The CG resources for INACTIVE data transmission are allocated for a dedicated UE. If both two types of small data transmission resources are available for a UE, the UE should prioritize the use of CG resources due to following two reasons:
· The transmission latency of CG based scheme is smaller without contention.
· The resource would be wasted if UE does not use it. 
Proposal 7 UE should prioritize the use of CG resources if both RACH based and CG based resources are available.
2.6 RRC Involved and RRC not Involved
For RACH based and CG based small data transmission, RRC involved solution can be used as baseline. RRCResumeRequest is multiplexed for UE identification. However, considering that the CG can only be used in the cell where the resources are configured, gNB can identify the UE based on the preconfigured dedicated resource, thus, UE identify is not necessary to be transmitted to gNB. RRC not involved solution is suitable for CG based small data transmission.
Proposal 8 RRC involved solution can be used as baseline. For RRC not involved solution, in general, it can be used for the case when the camped cell is the same as the anchor cell.
2.7 Context Fetching and Anchor Relocation

For NR small data transmission, two feasible options on context fetching and anchor relocation are provided if the serving cell gNB is different from the anchor gNB:

Option1: With context fetching and anchor relocation as shown in Figure 4. The new gNB locates the old gNB using the I-RNTI and retrieves the UE context by means of Retrieve UE Context Procedure. The old gNB responses with the UE context and the new gNB is responsible to deliver the uplink data to UPF.
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Figure 4 Data forwarding with context fetching and anchor reloaction
Option2: Without context fetching and anchor relocation as shown in Figure5. If the UL is made for small data transmission only, context fetching and anchor relocation could not be performed to avoid frequent  context retrieval and reduce signalling overhead. The target gNB transmits the small data to anchor gNB. The anchor gNB keeps the UE context and deliver the uplink data to UPF.
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Figure 5 Data forwarding without context fetching and anchor relcation
In general, we think it is a RAN3 issue and we can send LS to consult for the decision from RAN3.
Proposal 9 Send LS to RAN3 to make the decision.
3 Conclusion

We have the following proposals:


Proposal 1 
The procedure of LTE UP EDT can be reused as the baseline for 4-step RACH based small data transmission. The user plane data is multiplexed with RRC message in Msg3.
Proposal 2
UE should be able to indicate the small data size by portioning the PRACH resources.
Proposal 3
2-step RACH procedure can be used for small data transmission. The user plane data is multiplexed with RRC message in MsgA payload.
Proposal 4
For 2-step RACH based small data transmission, UE can determine whether to trigger small data when the available data volume is not larger than the configured PUSCH resources for small data.
Proposal 5 
LTE D-PUR transmission can be reused as baseline for CG based small data transmission.
Proposal 6
For small data transmission, selection criteria based on RSRP threshold for 2-step RACH and 4-step RACH can be reused. Other selection criteria can also be discussed. e.g. TB size.
Proposal 7
UE should prioritize the use of CG resources if both RACH based and CG based resources are available.
Proposal 8
RRC involved solution can be used as baseline. For RRC not involved solution, in general, it can be used for the case when the camped cell is the same as the anchor cell.
Proposal 9
Send an LS to RAN3 to make the decision.
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