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Introduction
In RANP#84, small data was considered as one potential work area for NR Rel-17 [1] [2]. 
· Small Data and Inactive Data transmission (both UL and DL)
· No LPWA
In this contribution, we summarize our view on UL and DL small data transmission, with some suggested revisions on the draft objectives sent out by the moderator [3]. 
Discussion
In the email discussion, there are multiple solutions proposed for UL (4-step, 2-step, CG/PUR) and DL (option1, option2) small data transmission. Most companies are open to all solutions since 
1) The solutions have complementary application scenarios and advantages, and 
2) There are existing references defined in LTE and/or NR for each of the solution to minimize RAN1 impact. 
UL small data transmission
In the UL small data transmission, the following three solutions are proposed. Table 2-1 analyzes their features and potential application scenarios, respectively.
Table 2-1 Solutions for UL small data transmission. 
	Solutions
	4-step RACH
	2-step RACH
	Configured Grant (CG)

	Features
	UL data transmission in Mag3 PUSCH (RAR scheduled) after receiving TA
Timeline & Channel structure:
· T1: Msg 1 (PRACH)
· T2: Msg 3 (PUSCH)
	UL data transmission in MsgA PUSCH (SIB configured) before receiving TA
Timeline & Channel structure:
· T1: MsgA (PRACH + gap + PUSCH), PUSCH validation further constrained by the mapping with PRACH (gap)
	UL data transmission directly in pre-configured PUSCH (UE specific RRC configured)
Timeline & Channel structure:
· T1: PUSCH

	Application scenarios
	UE in INACTIVE state without valid TA (e.g., medium to high mobility in cells with large ISD)
	UE in INACTIVE state without valid TA for small payload up to 72 bits, as specified in Rel-16.
Further investigation is needed to see if larger payload size can be supported without valid TA.
	UE in INACTIVE state with valid TA (e.g., stationary UE or UEs with low mobility, or in case of small cell ISD)

	Design references
	LTE EDT
NR 4-step RACH (Not supporting data transmission in NR INACTIVE state in Rel-16)
	No LTE reference
NR 2-step RACH (Not supporting data transmission in NR INACTIVE state in Rel-16)
	LTE PUR
NR CG (not extended to INACTIVE state in Rel-16)

	RAN1 impact
	Small
Enable larger TBS before contention resolution
Evaluate the performance when the larger payload size of Msg3 is used in consideration of potential contention.
	Small
Enable larger TBS before obtaining valid TA
Evaluate the performance when larger payload size of MsgA is applied, considering the potential collision and impact of invalid TA on channel estimation and data decoding.
	Small
Maximally reuse NR CG / LTE PUR to minimize RAN1 impact
Evaluate the performance to find the suitable TBS(s) for small data transmission.

	Saving in power consumption
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	Recommendation
	Most robust since TA is known before transmission but less efficient due to more steps
	Less robust compared with 4-step when TA is not valid, less efficient compared with CG when TA is valid
	Most power and spectrum efficient way of small data transmission
Preferred when UE has valid TA



Observation 1: Configured Grant is most power and spectrum efficient for small data transmission when TA is valid.
Proposal 1: Configured Grant for UL small data transmission should be included in the objectives. 
DL small data transmission
In the DL small data transmission, the following two types of solutions are proposed. Table 2-2 analyzes their features and potential application scenarios, respectively.
Table 2-2 Solutions for DL small data transmission. 
	Solutions
	Option 1
(Direct DL small data transmission to UE, i.e., one shot solution)
	Option 2
(DL small data transmission initiated with RAN paging, i.e., 3-step solution)

	Features
	Direct DL small data transmission in enhanced paging
Timeline & Channel structure:
· T1: DL data (PDCCH + PDSCH)
	DL small data transmission after RAN triggered UL response in either of the 3 UL solutions
Timeline & Channel structure:
· T1: RAN trigger (PDCCH + PDSCH)
· T2: DL data (PDCCH + PDSCH)

	Application scenarios
	UEs in INACTIVE state stays in the cell with valid TA
	UE in INACTIVE state moves in large cells without valid TA

	RAN1 impact
	Small
	Small

	Saving in power consumption
	[image: ]

	Recommendation
	Preferred for UEs with valid TA
	Preferred for moving UEs without valid TA



Observation 2: DL small data transmission option 1 provides significant power saving gains for UEs with low mobility and when TA is valid.
Proposal 2: Option 1 direct transmission for DL small data transmission should be included in the objective.
Proposed SID/WID revision
We suggest the following revisions in the draft SID/WID sent by the moderator, for the following reasons:
1) Among the key enablers for small data transmission in NR, besides the RACH based solutions (which actually are not specified for data transmission yet), Configured grant has also been specified in Rel-15 and Rel-16 especially for small packets transmission, so it is suggested to be added in the justification. 
2) Context fetch is a common topic to study and is irrelevant to the transmission schemes applied, so it is suggested to be moved as a parallel bullet as UL small data transmission in the objective.
3) The relation between “DL small data transmissions initiated by RAN paging”, as one of the potential DL (MT) data transmissions, and “Transmission of subsequent data in UL and DL should be under network control”, is not clear. Since the views on DL data transmission schemes (option1 or option2) are divergent, it is suggested to include both options in the objective on an equal footing basis.
4) Since the small data topic is not touching the LPWA use cases, the early CSI report that was proposed for coverage enhancement in LTE eMTC does not justify its necessity here. Considering to minimize RAN1 impact, it is suggested that CSI is not considered as essential scheduling information. 
Suggested revision on justification
[bookmark: _GoBack]“… The key enablers for small data transmission in NR, namely the INACTIVE state, 2-step and 4-step RACH, Configured grant, have already been specified as part of Rel-15 and Rel-16. So, this work builds on these building blocks to enable small data transmission in INACTIVE state for NR. ”
Proposal 3: Adopt the above changes on the last paragraph of justification (section 3).
Suggested revision on objective
This work item enables small data transmission in RRC_INACTIVE state as follows: 
· For the RRC_INACTIVE state:
· UL small data transmissions for RACH-based schemes (i.e. 2-step and 4-step RACH):
· General procedure for INACTIVE state to enable UP data transmission for small data packets in MSGA and MSG3 [RAN2]
· Note: Conclusions achieved during Rel-14 study item shall be used as the starting point for the specification work
· Select one option among the options of with and without RRC signaling in MSG3/MSGA [RAN/RAN2 – tbd]
· Enable larger payload sizes (actual payload size can be up to network configuration) for MSGA and MSG3 to support UP data transmission in UL [RAN2, RAN1] 
· Transmission of UL data on pre-configured PUSCH resources (i.e. configured grant) 
· General procedure for small data transmission with pre-configured PUSCH resources [RAN2]
· Configuration of the pre-configured PUSCH resources for small data transmission in UL for INACTIVE state [RAN2, RAN1]
· Context fetch and data transmission in INACTIVE state [RAN2, RAN3]
· Discuss UP data transmission with and without anchor relocation, up to RAN2 to decide any down-selection of these options [RAN2]
· Transmission of subsequent data in UL and DL should be under network control [RAN2]
· Solutions should consider DL small data transmissions initiated by RAN paging [RAN2]
· Note: No new RRC state should be introduced
· Transmission of assistance information and essential scheduling information should also be considered [RAN2, RAN1]
· Information may include BSR, CSI and PHR 
· Small data transmissions for DL in RRC_INACTIVE
· Direct DL small data transmission to UE
· DL small data transmission initiated with RAN paging
· Note: Focus should be on licensed carriers and the solutions can be reused for NR-U if applicable without changes
· Transmission of UL data on pre-configured PUSCH resources (i.e. configured grant) – when TA is known or not needed
· General procedure for small data transmission with pre-configured PUSCH resources [RAN2]
· Configuration of the pre-configured PUSCH resources for small data transmission in UL for INACTIVE state [RAN2, RAN1]
Proposal 4: Adopt the above changes on the objective (section 4).
Conclusion
In summary, we discussed the small data transmission in both UL and DL, as well as the revision on the SID/WID sent out by the moderator. We have the following observations and proposals.
Observation 1: Configured Grant is most power and spectrum efficient for small data transmission when TA is valid.
Observation 2: DL small data transmission option 1 provides significant power saving gains for UEs with low mobility and when TA is valid. Proposal 1: Configured Grant for UL small data transmission should be included in the objectives. 
Proposal 2: Option 1 direct transmission for DL small data transmission should be included in the objective.
Proposal 3: Adopt the above changes in section 3.1 on the last paragraph of justification (section 3).
Proposal 4: Adopt the above changes in section 3.2 on the objective (section 4).
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