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[bookmark: _Ref462918989]Introduction
RAN plenary meeting #86 has approved the new WI on NR small data transmissions in INACTIVE state as well as the corresponding WID RP-193168 [1], with the focus on enabling the RRC_INACTIVE UE to transmit UL small data without changing the UE state. The main objects in the approved WID are listed as follows. 
	· For the RRC_INACTIVE state:
· UL small data transmissions for RACH-based schemes (i.e. 2-step and 4-step RACH):
· [bookmark: _Hlk26863976]General procedure to enable UP data transmission for small data packets from INACTIVE state (e.g. using MSGA or MSG3) [RAN2]
· Enable flexible payload sizes larger than the Rel-16 CCCH message size that is possible currently for INACTIVE state for MSGA and MSG3 to support UP data transmission in UL (actual payload size can be up to network configuration) [RAN2] 
· Context fetch and data forwarding (with and without anchor relocation) in INACTIVE state for RACH-based solutions [RAN2, RAN3]
Note 1: The security aspects of the above solutions should be checked with SA3
· Transmission of UL data on pre-configured PUSCH resources (i.e. reusing the configured grant type 1) – when TA is valid
· General procedure for small data transmission over configured grant type 1 resources from INACTIVE state [RAN2]
· Configuration of the configured grant type1 resources for small data transmission in UL for INACTIVE state [RAN2]


In this paper, the general procedure/requirements for enabling the small data transmission with the RACH procedure (both 4-step and 2-step RACH) are discussed. Several proposals are also included in this paper for RAN2 to take the decision.
[bookmark: _Ref178064866]Discussion
There are several gaps that need to be filled up in order to allow UE to transmit user data in RRC_INACITVE state. First, without knowing UE’s intention for user data transmission, gNB may allocate an UL grant that is sufficient for control data transmission but is insufficient for user data transmission. Second, according to the current specification, UE shall suspend all DRBs to lower layer upon moving to RRC_INACTIVE, which makes it impossible for UE to transmit user data in RRC_INACTIVE. Third, RRCResumeRequest is the only RRC message that an RRC_INACTIVE UE can send, but currently the RRCResumeRequest does not indicate any purpose other than resuming the RRC connection or performing the RNA update. Moreover, RRCResumeRequest might be too large in size as it carries the I-RNTI, which may make the user data transmission inefficient if the RRCResumeRequest is to be multiplexed with the user data. The following sub-sections further discusses these gaps and proposes remedies for RAN2 to consider.
The appropriate grant size for small data transmission
In 4-step RACH, if preamble group B is configured, UE can indicate roughly how large the Msg3 payload is through the preamble group selection, and gNB can know whether the Msg3 payload UE intends to send will be larger than ra-Msg3SizeGroupA or not. Similarly in 2-step RACH, there can be up to two PUSCH configurations associated to preamble group A and B, and the UE with a larger MsgA payload (larger than ra-MsgASizeGroupA) can select preamble group B and use the a larger PUSCH resource (larger than that of preamble A) to transmit MsgA payload. However, with such mechanism, it is still difficult for the network to determine an appropriate Msg3 grant size or an appropriate MsgA PUSCH configuration since the user data could vary significantly in terms of size. Assuming that ra-Msg3SizeGroupA is configured as 100 bits to distinguish between ‘Msg3 contains only CP data’ and ‘Msg3 contains both CP and UP data’, and UP data can vary from one hundred bits to one thousand bits, it is difficult for the network to allocate an UL grant with a proper size when receiving a preamble within the preamble group B pool. Therefore, to make the user data transmission in RRC_INACTIVE more efficient, UE should be able to indicate more precisely the desired size for Msg3 transmission, and also the network should be able to configure more than two PUSCH configurations for MsgA transmission.  
Proposal 1: For the small data transmission based on the 4-step RACH, more than two preamble groups are supported and hence UE can indicate more precisely the desired grant size for Msg3 transmission via the preamble group selection.
Proposal 2: For the small data transmission based on the 2-step RACH, more than two PUSCH configurations corresponding to payload size are supported.
RRC message vs. MAC CE
While sending the user date in Msg3/MsgA, UE also needs to attach a control data in front of the user data. The purpose of the control data is to tell the network what is the UE identity and what is the purpose of triggering the RACH procedure. The existing RRCResumeRequest can provide the UE identity, but it only tells the purpose of either resuming the RRC connection or performing the RNA update. Some modifications to the RRCResumeRequest is needed so that it can indicate the new purpose (i.e., small data transmission) triggering the RACH procedure. Alternatively, a new RRC message can be created just for the purpose of sending small data in RRC_INACTIVE; then the new RRC message can expected to be more concise as it only serves for a single purpose. Instead of using RRC message, it is also possible to use the existing MAC CE (e.g., C-RNTI MAC CE) or a new MAC CE to carry the UE identity, as it can be more compact in size. However, there might be some conditions that need to be fulfilled in order to use the MAC CE option. First, as MAC CE is not integrity protected (RRC message is integrity protected), UE shall be allowed to use the MAC CE option only if the user data is integrity protected. For certain cases where the UP integrity protection is not activated (due to the data rate reason), UE shall still rely on the RRC message option. Second, in case that a layer-2 identity (e.g., C-RNTI) is carried by the MAC CE, as such layer-2 identity is only maintained within the cell, UE may still need to rely on the RRC message option if the UE has moved to another cell.
Proposal 3: RRC_INACTIVE UE can multiplex the user data with either an RRC message or a MAC CE in MsgA/Msg3. The integrity protection must be assured during the small data transmission. 
The UE identity
There are several candidates that can be used to indicate the UE identity in the small data transmission, and I-RNTI is definitely one of them as it is the only identity associated to the RRC_INACTIVE state according to the current specification. The truncated version of I-RNTI (i.e., short I-RNTI) is also one possibility and it can give more space for user data transmission as it is shorter in size (compared to the full I-RNTI). In addition, as I-RNTI can be divided into two parts according to the I-RNTI reference profiles shown in Table 1, another possibility is to use only the UE specific part of I-RNTI as the UE identity. However, this would require the UE staying in the same cell and also require the information in Table 1 being available at the UE side. As mentioned earlier, C-RNTI can be also one possibility, but this would also require the UE staying in the same cell. Using C-RNTI also needs the anchor gNB to keep the C-RNTI of the UE for a while even if the UE is transitioned from RRC_CONNECTED to RRC_INACTIVE. Although C-RNTI or UE specific reference part of I-RNTI has the limitation of the same cell, these options can be considered as the optimization for stationary UEs complementary with the options allowing different cells. In general, we think the existing UE identities should be sufficient for enabling the small data transmission, but we can further investigate which UE identity is better under which situation. 
Proposal 4: RAN2 to discuss whether the existing I-RNTI or the C-RNTI can be used as the UE identity for the small data transmission.

Table1. I-RNTI reference profiles (Annex C in TS 38.300[2])
	Profile ID
	UE specific reference
	NG-RAN node address index 
(e.g., gNB ID, eNB ID)

	1
	20 bits (~1 million values)
	20 bits (~1 million values)

	2
	20 bits (~1 million values)
	16 bits (65.000 nodes)

	3
	24 bits (16 million values)
	16 bits (65.000 nodes)



Conclusion
In this paper, the general procedure/requirements for enabling the small data transmission using the RACH procedure are discussed. Based on the analysis and the comparison between different options, we respectfully ask RAN2 to discuss and consider the following proposals 
Proposal 1: For the small data transmission based on the 4-step RACH, more than two preamble groups are supported and hence UE can indicate more precisely the desired grant size for Msg3 transmission via the preamble group selection.
Proposal 2: For the small data transmission based on the 2-step RACH, more than two PUSCH configurations corresponding to payload size are supported.
Proposal 3: RRC_INACTIVE UE can multiplex the user data with either an RRC message or a MAC CE in MsgA/Msg3. The integrity protection must be assured during the small data transmission. 
Proposal 4: RAN2 to discuss whether the existing I-RNTI or the C-RNTI can be used as the UE identity for the small data transmission.
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