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1. Introduction 
RAN#88e has approved an updated version of the WI on NR small data transmissions [1], with the objective to specify small data transmissions in INACTIVE state. The benefits of introducing small data transmissions in INACTIVE state are to reduce the signalling overhead as well as power consumption at the UE, primarily for infrequent data traffic. The WI has been narrowed down to employ RACH-based schemes and pre-configured PUSCH resources (i.e. reusing the configured grant type 1) in RRC_INACTIVE state whereby subsequent transmission of small data in UL and DL and the state transition decisions are under the network control.

In this contribution, we discuss different aspects of small data transmissions for NR and provide some proposals at the end.
2. Methods with RRC Signalling and without RRC Signalling 

In RRC-INACTIVE state, a UE is CM-CONNECTED and can move around within the RAN notification area (RNA) and the last serving gNB has the UE context [2]. Compared to when a UE moves from RRC-IDLE to RRC-CONNECTED, the RRC-INACTIVE state provides lower signalling overhead as UE’s context is already established. Compared to when a UE remains in RRC-CONNECTED, the RRC-INACTIVE state enables lower power consumption at the UE due to possibility of configuring with longer DRX cycles, and not reporting CSI information. However, in the current Rel-16 specification, if UE has data to transmit, it must always move to RRC-CONNECTED state. 
Therefore, by taking the advantage of the RRC_INACTIVE state, this WI will introduce small data transmissions without moving a UE into RRC-CONNECTED state, and with further possibility of reducing the signalling overhead and power consumption at the UE depending on which solution is adopted.
There are two different solutions that have been discussed in the past [3], one relying on RRC signalling and another without RRC signalling:
Solution A:  The data transmission occurs without RRC signalling and without initiating a transition to RRC-CONNECTED state. A UE transmits first UL data together with its ID where this ID identifies the UE context in the RAN (i.e. the I-RNTI allocated by the last serving gNB). Hence, the network communicates based on the UE ID in the downlink as well as uplink in case of subsequent transmission of small data.
Solution B: The data transmission occurs with RRC signalling by employing the three-step RRC procedure of resume request, resume, and possibly complete message. The small data transmission can take place with RRC messages. By doing so, the network can immediately transition a UE to RRC-CONNECTED state if needed.
Besides these past discussions, the WID captures “to enable UP data transmission for small data packets from INACTIVE state (e.g. using MSGA or MSG3)” which is compatible with the following understanding:

· If 4-step RACH is used, the UE first transmits a PRACH Preamble and receives RAR message from the network, then the UE transmits the small data in message 3 straight away (i.e. small data including RRC messages if Solution B is considered).
· If 2-step RACH is used, the UE transmits msgA straight away (i.e. PRACH Preamble + small data including RRC messages if Solution B is considered) and receives further messages from the network in the downlink scheduling assignment.
· If timing advance (TA) is valid, the UE can use resources of configured grant type 1 for UL small data transmissions.
The concern with Solution B is that the payload size of Message 3 or MsgA is very limited and so unlikely to accommodate both RRC messages and UP data. Even if both can be transmitted, the amount of small data that can be transmitted would be reduced significantly. Based on this limitation, it seems there is no significant motivation to transmit small data transmission together with RRC messages as this increases the signalling overhead. Note that the network can move a UE to RRC-CONNECTED state if needed.

Proposal 1: Small data transmission in RRC-INACTIVE state occurs without RRC signalling and without initiating transition to RRC-CONNECTED state.

3. RACH-based schemes
The WID captures that 4-step RACH and 2-step RACH can be employed for RACH-based small data transmission, by just re-using the resources for msgA or Message 3. As different network deployments are possible, one supporting 4-step RACH only, or 2-step RACH only, or both types, it is reasonable to support both RACH types for small data transmission. However, the following issues need to be resolved:

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 SIB. In order for a UE to use a payload corresponding to either group A or B, pre-configured data size and pathloss thresholds must be satisfied as shown on the following example 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. 
UE Indication to the network: The motivation to support small data transmission in NR is to reduce signalling overhead by not performing a full state transition to RRC_CONNECTED, as well as reducing the power consumption at the UE. This means that only when a UE has small data to transmit, it can benefit from this feature. Therefore, the network must have mechanism to identify whether a UE has small data transmission or not, for example by specifying a UE to provide a buffer status report (BSR). Based on the report, the network can control to transition the UE to RRC_CONNECTED state. Other methods are also possible for indicating whether a UE’s buffer is below or above a predefined threshold where this threshold can be broadcast in SIB.
Implications of the subsequent transmissions of small data in UL and DL: Small data can be transmitted in one-shot or consecutive occasions. In case of one-shot transmission initially, any follow-up data transmissions can be dynamically scheduled on time-frequency resources of the same bandwidth part (BWP). In case of small data transmission in consecutive occasions in the uplink, there may still be follow-up data for DL transmissions including acknowledgements in different layers. In any case, the impact of these follow-up transmissions in the system (i.e. network and UE behaviour) must be studied. Some basic features that may be impacted during subsequent small data transmissions are the HARQ-feedback, in-activity timer/DRX, maintaining UL TA, power control aspects and possibly beam management.
HARQ feedback: When a UE transmits first UL small data, there should be an acknowledgement message in the downlink whether the data has been received successfully. The identification of the UE must be included in the DL message. However, the details must be studied such as an explicit HARQ-ACK feedback that is compatible with NR-U operation and whether the identity of the resource corresponding to the HARQ-ACK feedback is necessarily similar to RA-RNTI.
Proposal 2: Small data transmission in RRC-INACTIVE state should support both 4-step and 2-step RACH types.
4. Context fetching and Anchor relocation
Depending on the traffic situation and mobility behaviour, anchor relocation leads to an extra signalling overhead, and for some scenarios this can be avoided, hence saving some unnecessary signalling, e.g. in case a UE is moving back and forth between two or a few cells within RNA (RAN Notification Area). In case the UE is moving between different RAN areas as defined by the CU/DU configuration, this will result in re-anchoring of the UE.  
The UE context is moved from the old CU to the new CU and the CU/AMF/SMF/UPF will perform path switch moving the N2 and N3 tunnels which connects the CU to the Core network. If the UE has a mobility pattern with frequent crossings of the “RAN area boarder”, then this would lead to a repeated triggering of RAN Area update procedure (re-anchoring), including signalling over Radio interface, as well as signalling in the Core Network to handle path switch between the anchor nodes in the different RAN areas.

Proposal 3: Solutions for context fetch is supported to avoid anchor relocation and unneccesary signalling overhead.
5. PUR resources
A number of aspects were discussed for NB-IoT in Rel-16, but were not considered, e.g. monitoring for downlink ACK. After an uplink PUR 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. 

Proposal 4: The UE can be configured to perform DRX when monitoring for PDCCH after an uplink PUR transmission.

6. Conclusions
In this contribution, we have discussed different aspects of small data transmissions for NR and we have the following proposals:

Proposal 1: Small data transmission in RRC-INACTIVE state occurs without RRC signalling and without initiating transition to RRC-CONNECTED state.

Proposal 2: Small data transmission in RRC-INACTIVE state should support both 4-step and 2-step RACH types.

Proposal 3: Solutions for context fetch is supported to avoid anchor relocation and unneccesary signalling overhead.
Proposal 4: The UE can be configured to perform DRX when monitoring for PDCCH after an uplink PUR transmission.
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