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In RAN#84, small data was considered as one potential work area for NR Rel-17 [1]. Email discussion is ongoing to encourage views on the following, hoping to obtain a set of preliminary objectives before RAN#85 and then finalize them for RAN#86 [2]. 
· Small Data and Inactive Data transmission (both UL and DL)
· No LPWA
In this contribution, we summarize our view on the use cases, requirements, as well as the basic design aspects related to small data transmission. 
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Requirements
Small data transmission will be pervasive in future IoT networks, especially for sensors in industrial wireless sensor networks (IWSN) and data collecting wearables, such as for machine status reporting, logistic status tracking, and body-health monitoring, etc. Given the divergence in the application scenarios, the small data packets may be reported once in a while or very frequently. 
No matter which application is considered, as long as the sensor is battery supplied, the major design challenge is the same, i.e., power and resource efficient transmission for a large number of sensors. Such requirement can be further decoupled to UE and network side, respectively.
· From UE side: how to deliver the small data with least energy consumption. 
· From Network side: how to accommodate a large number of sensors with high resource efficiency.
Use cases and scenarios
RRC_INACTIVE state has been proposed for energy saving and fast state transition. For IWSN sensors, uploading/reporting of the collected monitoring data is the major traffic in the UL, while the executive commands and software update would be the major traffic in the DL. Therefore, for both UL (UE initiated transmission) and DL (network initiated transmission), direct small data transmission in RRC_INACTIVE state without state transition should be considered to minimize the procedure overhead and energy consumption. Compared with Rel-15, for a UE in RRC_INACTIVE state and performs small data transmission with state transition before transmission, the benefit in UP delay reduction and MAC/RLC/PDCP overhead are shown Table 1 for UL and DL. 
Observation 1: Direct small data transmission in RRC_INACTIVE state for both UL (UE initiated transmission) and DL (network initiated transmission) should be considered.
Given the fact that the RRC state transition is under control of network, to maximize the benefit of UE energy saving and overhead reduction, it is reasonable to allow continuous small data transmission in RRC_INACTIVE state, also known as subsequent data transfer without state transition. 
Observation 2: Subsequent small data transfer without state transition for UL and DL shall be investigated. 

Table 1. Comparisons on latency and overhead for small data transmission in RRC_INACTIVE state with and without state transition in UL and DL respectively.
	Schemes
	UL
	DL

	
	UP delay（ms）
	MAC/RLC/PDCP overhead（bytes）
	PHY measurements needed?
	UP delay（ms）
	MAC/RLC/PDCP overhead（bytes）
	PHY measurements needed?

	R15
	17.75
	62
	Yes
	20.25
	67
	Yes

	R17
	1
	22
	No
	1
	27
	No

	Saving
	16.75
	40
	--
	19.25
	40
	--

	
	94.4%
	64.5%
	
	95%
	59.7%
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Figure 1. Comparisons of Rel-15 (data transmission with state transition) and potential Rel-17 (direct data transmission without state transition) for UEs in RRC_INACTIVE state.
Given RRC_INACTIVE has been designed to provide energy saving and fast state transition, we believe that very few use cases will require NR UEs to reside in IDLE state. Therefore, within the R17 timeline, we should prioritize the small data transmission in RRC_INACTIVE state and try to avoid unnecessarily replicating functionalities in both RRC_IDLE and RRC_INACTIVE. 
Observation 3: At least within Rel-17 scope, there is no motivation to consider direct data transmission in RRC_IDLE state. 
For UEs with very frequent data reporting, uplink Configured Grant (CG) in RRC_CONNECTED with potential enhancements to address MTC requirement can also be considered. For instance, compared with the CG discussion in Rel-15 and Rel-16 mainly for URLLC, Rel-17 would have to deal with much larger size of potential MTC UEs, which may need extension such as in DMRS pool size and repetition numbers. 
Observation 4: Frequent small data transmission in RRC_CONNECTED state with enhancement on Configured Grant shall also be considered. 
Potential areas to work on
The solutions for direct small data transmission in RRC_INACTIVE state shall meet the requirements from both the UE side and the network side, i.e., addressing the power saving issue from the UE side while accommodating a large number of sensors in the most resource efficient way from the network side. 
Take UL small data transmission in RRC_INACIVE state as example, the following aspects are typical ones that need to be studied. The complete view of potential areas can be found in the Appendix.
· Transmission schemes from UE side
As mentioned above, direct data transmission in RRC_INACTIVE state is to be supported. For new MTC markets such as IWSN, the typical ISD is comparatively small (e.g., up to 500m), and most of the sensors are stationary. In such cases, preamble transmissions are not needed for UL data transmission since timing advance is either essentially fixed or within the length of a normal CP by the deployment. This means that PUSCH-only transmission can be used, similar to Rel-15 Configured Grant, saving the cost of sending preambles. This does not imply a 2-step RACH, since it does not include PRACH transmission. 
If there are cases where preamble transmission is still needed, we think enhancement on 2-step RACH to allow data transmission would be enough, and there is no motivation to also enhance 4-step RACH for RRC_INACTIVE data transmission.
HARQ and repetitions can be further discussed to enhance the reliability of the data transmission. 
Observation 5: PUSCH only channel structure like in Configured Grant can work for majority of interested scenarios in the case of industrial wireless sensor networks. 
Observation 6: There is no motivation to enhance 4-step RACH in context of UL small data transfer in RRC_INACTIVE state if 2-step RACH is supported.
· Transmission efficiency from Network side
In case of massive connectivity, it is possible that multiple UEs are pre-configured with the same time/frequency resource to improve the resource efficiency from network aspect. The mechanism to detect the transmission and identify UEs need to be studied once the number of potential devices increases dramatically in RRC_INACTIVE state compared with that in RRC_CONNECTED state. DMRS extension to support more distinguishable ports/sequences, no matter with PUSCH only transmission or with 2-step RACH channel structure, can help to reduce the collision probability and thus in turn increase the supported number of UEs. In Table 2, the analysis show that the collision probability can be very high if the pool size is less than the potential UEs. With more DMRS ports/sequences, the pool size can be enlarged. The detailed ways to extend the DMRS pool size can be further discussed during study.
Table 2. Examples of pilot collision probability under random active (like in Configured Grant) and random selection (like in RACH).
	Potential UE 
N
	Active UE 
M
	Resource configuration mode
	Pool size L

	
	
	
	12
	24
	48

	12
	4
	Random active
	0
	0
	0

	
	
	Radom selection
	0.43
	0.23
	0.12

	24
	6
	Random active
	0.56
	0
	0

	
	
	Random selection
	0.78
	0.49
	0.28

	48
	8
	Random active
	0.91
	0.5
	0

	
	
	Random selection
	0.95
	0.73
	0.46


In addition, in the case that repetitions of PUSCH transmission are employed, unnecessary repetitions can be avoided by explicit ACK feedback, i.e. early ACK termination, which not only saves the UE transmission power, but also reduce the necessary interference in the system. 
Observation 7: DMRS pool size extension can improve the connectivity performance from system aspect.
Observation 8: Early ACK termination can reduce the system interference level and thus improve the transmission efficiency.
· Data routing path in higher layers
When the UE moves to another gNB within or beyond the current RAN-based Notification Area (RNA), it is the responsibility of the serving gNB to decide whether to relocate the UE context or not. In case of anchor gNB relocation, the UE context fetch and corresponding NGAP path switch procedure shall be invoked, which causes heavy load of signaling and inevitably increase the latency of data forwarding. Similar to the procedure of periodic RNA update, both anchor gNB relocation and not relocation shall be considered in context of small data transfer towards optimization of data forwarding. 
Observation 9: Both anchor gNB relocation and not relocation shall be considered for data forwarding. 
Relation with other work areas
The discussion on power efficient small data transmission is somehow related to the discussion on NR_Light [3] and Power Saving [4], since they are considering similar application scenarios, such as IWSN sensors and data collecting wearables, and having the same goal of power saving for the UEs. More specifically, INACTIVE state data transmission has been mentioned by many companies as one power efficient solution in NR_Light. 
However, if NR_Light is more discussed from UE aspect (note that system capacity enhancement is also suggested by some companies), the topic of small data transmission then would focus more on the network side, i.e., how to accommodate a large number of sensors with good resource efficiency. To realize that, joint effort from RAN1 and RAN2 is needed.
Conclusions
In this contribution, we discussed for small data transmission, the requirements, user cases and scenarios, potential areas to work on, and relation with other work areas, and have following observations:
Observation 1: Direct small data transmission in RRC_INACTIVE state for both UL (UE initiated transmission) and DL (network initiated transmission) should be considered.
Observation 2: Subsequent small data transfer without state transition for UL and DL shall be investigated. 
Observation 3: At least within Rel-17 scope, there is no motivation to consider direct data transmission in RRC_IDLE state. 
Observation 4: Frequent small data transmission in RRC_CONNECTED state with enhancement on Configured Grant shall also be considered. 
Observation 5: PUSCH only channel structure like in Configured Grant can work for majority of interested scenarios in the case of industrial wireless sensor networks. 
Observation 6: There is no motivation to enhance 4-step RACH in context of UL small data transfer in RRC_INACTIVE state if 2-step RACH is supported.
Observation 7: DMRS pool size extension can improve the connectivity performance from system aspect.
Observation 8: Early ACK termination can reduce the system interference level and thus improve the transmission efficiency.
Observation 9: Both anchor gNB relocation and not relocation shall be considered for data forwarding. 
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Appendix

The following aspects should be discussed for small data transmission. This covers RAN1, RAN2, and RAN3 aspects, and both UL and DL transmission.

Direct small data transmission in RRC_INACTIVE state
· Direct UL small data transmission in RRC_INACTIVE state [RAN1, RAN2]
· Transmission scheme
· UL channel structure, e.g., PUSCH only as in configured grant
· Mechanisms to increase connection density and resource efficiency, e.g., DMRS enhancement, efficient resource sharing among more UEs, collision control, etc.
· Related procedures
· HARQ/repetitions, and subsequent data transmission without state transition
· Efficient user plane data transfer towards CN w/wo anchor gNB relocation
· Direct DL small data transmission in RRC_INACTIVE state [RAN2, RAN1]
· Transmission scheme
· DL channel structure, enhanced paging signal with direct DL data transmission
· Related procedures
· HARQ/repetitions, and subsequent data transmission without state transition
· AS context maintenance optimization (if needed) [RAN3]

Small data transmission with enhanced UL configured grant in RRC_CONNECTED state 
· Study enhancements for UL configured grant transmission in RRC_ACTIVE state [RAN1, RAN2]
· Mechanisms to increase connection density and resource efficiency, e.g., DMRS enhancement, efficient resource sharing among more UEs, collision control, etc.
· Early termination of UL transmission by explicit ACK feedback
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