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1. Introduction 
In the last RAN2#111e meeting, RAN2 discussed small data transmissions (SDT) in INACTIVE state for NR and agreed that SDT with RRC message is supported as a baseline for both random-access (RA) and configured grant (CG) based schemes.

In this contribution, we discuss aspects of small data transmissions relating to random-access (RA) based schemes, including RA type selection, separate RA resources for SDT and non- SDT, etc.

2.  Aspects of RA-based schemes
Rel-16 includes two random-access schemes of 4-step and 2-step RA, in which 4-step RA scheme comprises 4-steps of MSG1, 2, 3 and 4, whilst 2-step RA scheme has only 2-steps of msgA and msgB. RAN2 agreed that both 4-step and 2-step RA schemes are supported for SDT in RRC_INACTIVE where SDT can take place in msg3 of 4-step RACH or MSGA of 2-step RACH. In addition, RAN2 agreed that a UE can transmit and receive multiple UL and DL packets as part of the same SDT mechanism and without transitioning to RRC_CONNECTED. However, the following open issues need to be discussed: 
Additional SDT Specific Threshold: In the last meeting, it has been proposed to specify “additional SDT specific” RSRP threshold to determine whether a UE should do SDT or not. The intention may be to limit usage of the SDT to UEs with good channel conditions or close to the cell. In our understanding similar mechanism already exists when 2-step and 4-step RACHs are configured in the same initial BWP, where an RSRP threshold is defined to select 2-step RACH if the current measured RSRP of the downlink pathloss is above this threshold, otherwise 4-step RACH is selected for transmission. In case only 2-step RACH is configured in the initial BWP of a cell, it would mean that 2-step RACH, more specifically msgA performance, is appropriate to this cell (for example a small cell scenario). In case only 4-step RACH is configured in the initial BWP of a cell, the link adaptation parameters such as power and MCS for Message 3 are dynamically chosen by the gNB scheduler. Hence there is no foreseeable coverage issues for SDT that is different than the current Rel-15/16 performance.

Observation 1: There is no significant motivation to specify “additional SDT specific” RSRP threshold to determine whether a UE should do SDT or not.
Proposal 1: For RA-based schemes, when 2-step and 4-step RACHs are configured in the same initial BWP, the existing RSRP threshold of Rel-16 is applied for RA type selection. 

Data Volume Threshold: RAN2 agreed that data volume threshold is employed at the UE to initiate SDT feature. For RA-based schemes, our view is that this threshold is unnecessary as the UE anyway includes the buffer status report in the first message (Message 3 or msgA) and hence the network can decide whether to transition the UE to CONNECTED state or keep SDT in INACTIVE state. Nevertheless, it is preferable that data threshold is based on the total amount of data available for SDT according to some predefined values, for example captured in a new table or reusing some values from the existing tables already defined for buffer size levels of the Rel-16 MAC specification [2].

In summary, our view is that the first message (i.e. Message 3 or msgA) in the uplink should contain the buffer status information from the UE so that the network can decide whether to transition the UE to CONNECTED state or keep SDT in INACTIVE state. The network will also have a good estimate how much data in the UE’s buffer so that the network can schedule appropriately in the subsequent UL transmissions.
Proposal 2: For RA-based schemes, the first message (Message 3 or msgA) in the uplink should contain a buffer status information from the UE so that the network can decide whether to transition the UE to CONNECTED state or keep SDT in INACTIVE state.

Separate RA resources for SDT and non-SDT: It is reasonable to support both shared and separate RACH resources between SDT and non-SDT in the same initial BWP in order to give the network enough flexibility of the resource configuration and dimensioning depending on the cell load. In addition, resource sharing will help when the size of the initial BWP is very limited, specially for reduced capability UEs not supporting large BWP (probably to be specified in Rel-18). 

In this context, shared resources mean that PRACH preambles are partitioned for SDT and non-SDT, while separate resources relate to when PRACH occasions for SDT and non-SDT are different and preambles are not partitioned. 

In case of shared resources where PRACH preamble partitioning is used for SDT and non-SDT, the network will include RAPID in the response message (RAR or msgB) and hence RAPID will provide the identification whether the message (RAR or msgB) is for SDT UE and non-SDT UE. However, we have concerns about power consumption for SDT UEs as they will monitor and decode both DCI and PDSCH in order to identify whether the message is for non-SDT or SDT. It would be preferable if identification is done at the DCI level with some kind of different search space or RNTI.

Another issue for shared resources is if 2-step and 4-step are supported in the initial BWP with shared resources where preamble partitioning is employed, if then SDT is supported in the same BWP, further preambles partitioning will be needed to support shared resources (i.e. RO + preamble combinations), which will limit the initial access capacity, increase collisions as well as access delays.
In case of separate resources, based on the network response, UEs cannot distinguish between MSG2/MSGB for SDT and MSG2/MSGB for non-SDT as they both monitor a DCI addressed to the same RNTI on the same PDCCH search space, because both SDT and non-SDT UEs have selected the same RO index and preamble index. Hence, there is an ambiguity (i.e. a UE receives wrong response intended for other UE) unless a solution is adopted.
To solve the above issues for both shared and separate resources, MSG2/MSGB response from the network should be different for the SDT UEs, for example a DCI addressed to different RNTIs (e.g. SDT-RNTI) or different search space. This different RNTI/search space may also be relating how to identify a UE that is transmitting or receiving subsequent UL/DL SDT in INACTIVE state. Therefore, we think this issue of different search spaces/RNTI should be consulted to RAN1 as the design of search spaces is within RAN1 expertise.
Furthermore, upon successful completion of contention resolution where a UE is moved to RRC connection, then the UE monitors PDCCH addressed to C-RNTI, that is in line with the legacy behaviour. 

Proposal 3: For RA-based schemes, RAN2 should send an LS to RAN1 to evaluate different options of distinguishing between MSG2/MSGB for SDT and MSG2/MSGB for non-SDT in INACTIVE state, such as different search space, RNTIs.
Additional Payload Sizes: In Rel-16, for both 2-step RACH and 4-step RACH, the network can configure up to two different payload characteristics. In this case, the network partitions the random-access preambles into two groups where Random-Access Preambles Group A and B are configured and signalled in the SIB. In order for a UE to use a payload corresponding to either group A or B, pre-configured data size and RSRP pathloss thresholds must be satisfied as shown in the example captured on the following table:
	Pathloss threshold X1
	 Data threshold Y1
	Preamble group
	MCS

	Pathloss < X1
	Data size > Y1
	Group B
	MCS 2

	
	Data size <= Y1
	Group A
	MCS 1

	Pathloss > =X1
	Data size <= Y1 
	Group A
	MCS 1


However, Rel-17 small data transmission needs additional payload characteristics to be configured for the UEs in order to support variable data sizes (i.e. transport block sizes). Therefore, it is necessary to study the aspects relating to how many additional payloads are needed, how they are configured and how UE chooses the payload for a given small data transmission. Some solutions that can be envisaged are to partition further the random-access preambles or a UE to dynamically select the payload size based on some pre-defined parameters such as MCS level which can be piggybacked on PUSCH (i.e. carried with the current data). We think RAN1 should be involved in designing how to support additional payloads for SDT.
Proposal 4: For RA-based schemes, RAN2 should send an LS to RAN1 to evaluate different options of specifying additional payload sizes for SDT in INACTIVE state.
DRX: In Rel-16, a number of aspects were discussed in NB-IoT, but were not considered, e.g. monitoring for downlink application layer ACK. After an uplink transmission, a timer is started where the UE monitors PDCCH for any potential downlink application layer ACK. The delay in receiving the application layer ACK depends on the service and can be a few hundreds of ms. In the interest of power saving, it is therefore beneficial if the UE can perform DRX during this PDCCH monitoring period in RRC_INACTIVE state. 
Proposal 5: A UE can be configured to perform DRX when monitoring for PDCCH after an uplink subsequent data transmission.

3. Conclusions
In this contribution, we have discussed aspects of small data transmissions relating to random-access (RA) based schemes, and we have the following observation and proposals:

Observation 1: There is no significant motivation to specify “additional SDT specific” RSRP threshold to determine whether a UE should do SDT or not.
Proposal 1: For RA-based schemes, when 2-step and 4-step RACHs are configured in the same initial BWP, the existing RSRP threshold of Rel-16 is applied for RA type selection. 

Proposal 2: For RA-based schemes, the first message (Message 3 or msgA) in the uplink should contain a buffer status information from the UE so that the network can decide whether to transition the UE to CONNECTED state or keep SDT in INACTIVE state.
Proposal 3: For RA-based schemes, RAN2 should send an LS to RAN1 to evaluate different options of distinguishing between MSG2/MSGB for SDT and MSG2/MSGB for non-SDT in INACTIVE state, such as different search space, RNTIs.
Proposal 4: For RA-based schemes, RAN2 should send an LS to RAN1 to evaluate different options of specifying additional payload sizes for SDT in INACTIVE state.
Proposal 5: A UE can be configured to perform DRX when monitoring for PDCCH after an uplink subsequent data transmission.
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