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1	Introduction
A WI on small data transmission from RRC_INACTIVE was approved [1]. Based on the WI, RAN2 needs to specify the general procedures for both RACH-based schemes and CG-based schemes.
	· 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 RAN2#111e the following agreements were made:
Agreements 
1 	Small data transmission with RRC message is supported as baseline for RA-based and CG based schemes  
2	RRC-less can be studied for limited use cases (e.g. same serving cell and/or for CG) with lower priority
3	Context fetch and data forwarding with anchor re-location and without anchor re-location will be considered.   FFS if there are problems with the scenario “without anchor relocation”. 
4	From RAN2 perspective, stored “configuration” in the UE Context is used for the RLC bearer configuration for any SDT mechanism (RACH and CG).
5	The 2-step RACH or 4-step RACH should be applied to RACH based uplink small data transmission in RRC_INACTIVE
6	The uplink small data can be sent in MSGA of 2-step RACH or msg3 of 4-step RACH.
7	Small data transmission is configured by the network on a per DRB basis
8	Data volume threshold is used for the UE to decide whether to do SDT or not.   FFS how we calculate data volume.  
	FFS if an “additional SDT specific” RSRP threshold is further used to determine whether the UE should do SDT
9	UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED is supported 
10	When UE is in RRC_INACTIVE, it should be possible to send multiple UL and DL packets as part of the same SDT mechanism and without transitioning to RRC_CONNECTED on dedicated grant.  FFS on details and whether any indication to network is needed.  

This contribution discusses details and issues with the RACH based schemes.
[bookmark: _Ref178064866]2	Discussion
The general design principle of Rel-17 SDT for NR should be to follow Rel-15 UP-EDT for LTE. This means that the SD is multiplexed with the RRCResumeRequest in the same MAC PDU in Msg3. The small data is ciphered while the RRCResumeRequest is authenticated using the resumeMAC-I. Both the resumeMAC-I and NCC to enable ciphering are part of the UE AS context.
After successful reception of the MAC PDU, the gNB may either send a RRCRelease with a suspendConfig to keep the UE in inactive mode or an RRCResume to move the UE to connected mode. In case of subsequent packets, the procedure is not agreed but it can be assumed that the subsequent packets are sent after contention resolution but before the RRCResume.
In Rel-16 the 2-step Random Access procedure was specified for NR. This procedure should also be used for SDT. In this case, SD is multiplexed with the RRCResumeRequest in MsgA. The MsgB could in this case carry either the RRCRelease with a suspendConfig or the RRCResume. Alternatively, the RRC message is transmitted after MsgB in a scheduled transmission.
2.1	Configuration
A first question to consider is how to configure the RA resources for SDT. In this contribution we define the RA resources to be the time and frequency where the preamble is transmitted. The two options are
1. Shared configuration with legacy RACH, e.g. using the legacy PRACH configuration in SI
2. Separate RACH configuration only used for SDT
Although it is possible to reuse the legacy RA resources for SDT, it can be expected that this would result in a resource shortage and preamble fragmentation. For example, the preamble resources already now need to cater for indication of SSBs, preamble group A and B, CFRA, SI request and possibly also 2-step RA. Another issue is the desired payload size may not be possible to accommodate using only preamble group A and B. Since preamble group A is typically designed for the minimal needed payload to ensure coverage for the RRC Resume or RRC Setup message this would leave only preamble group B for SDT.

[bookmark: _Toc54205282]Relying only on the shared RACH configuration in SI for SDT would not be sufficient in many cases.
Since configurating more frequent PRACH resources will generate overhead and reduce the available resources for data transmissions, it will still be useful to allow use of the shared RACH resources.

[bookmark: _Toc54205285]Both separate RACH configurations and shared RACH configuration should be considered for SDT.
Configuration of separate RACH can be done in different ways. One option is to configure a separate BWP for SDT. This would move SDT traffic from the initial BWP and can be beneficial since the initial BWP does not need to reserve resources for SDT. However, using a non-initial BWP would require that Random Access on a non-initial BWP is allowed for inactive UEs doing SDT. In legacy, RA for inactive UEs is only allowed on the initial BWP. The new BWP would be configured when the UE is in connected mode and saved in the UEs AS context when the UE goes to inactive. It should be noted that if the UE reselects to a different cell, the configuration may not be valid in the new cell, and the UE would have to rely on SDT on the initial BWP or go to connected mode to get a new configuration for a non-initial BWP. However, for the majority of UEs who are stationary, the new BWP would be used.

[bookmark: _Toc54205286]Separate SDT RACH configuration should be allowed in a non-initial BWP.

Regardless of whether the separate RACH is on the initial or a non-initial BWP, an alternative is to have the separate SDT specific RACH configured in SI. The main advantage with this option is that it can be used even if the UE reselects to a different cell without forcing the UE to go to connected to receive the RACH configuration via dedicated RRC signalling. We propose 
[bookmark: _Toc54205287]Separate SDT RACH configuration can be given in SI.

2.2	Identification of SDT by gNB and preamble partition
It may be advantageous for the gNB to identify that a UE is doing RA for SDT already from msg1. The reason is to make sure a sufficient grant can be allocated for SDT. In case the shared RACH configuration is used, this indication must be done via use of specific preambles. In the simplest case, a single set of preambles are defined to indicate SDT. Another option is to do as in legacy, i.e. defining two preamble groups to cater for different data sizes and coverage situation. This would enable UEs with larger amounts of data in good coverage to select one preamble group (preamble group B) while UEs with smaller amount of data or in worse coverage, to select the other group ( preamble group A). 

[bookmark: _Toc54205283]Defining two preamble groups for SDT will cater for different sizes of data and coverage situation of the UE.
For the case of 2-step RA, it will be obvious from the content of MsgA that the RA is for SDT since it contains data. However, support for additional preamble groups still have the same benefits as for 4-step RA, i.e. that more flexibility and more well suited PUSCH size.

[bookmark: _Toc54205288]The option of two SDT specific preamble groups can be defined as baseline for both 2-step and 4-step RA.

2.3	MsgA or Msg3 grant size and content
In NR Rel-15 and Rel-16, the grant size for Msg3 in preamble group A and msgA PUSCH is at least 56 or 72 bits, in order to fit RRCResume or RRCResume1 (with longer identifier). This minimal size can be used to guarantee sufficient coverage also for cell edge UEs. The grant size is a network decision and may depend on e.g. cell size. If two preamble groups are configured also for SDT a similar selection principle as for legacy preamble group A/B selection should be used for SDT, i.e. if potential Msg3 size is above a threshold and pathloss below another threshold, preamble group B should be selected. In legacy, selection of preamble group A or B depends also on if Msg3 contains CCCH. In case it does, the pathloss criteria is not considered for the CCCH part, i.e. the UE always selects preamble group B if the CCCH SDU size plus MAC subheader is larger than the threshold (ra-Msg3SizeGroupA or ra-MsgA-SizeGroupA). Since the SDT will always be initiated for CCCH as it contains the RRCResumeRequest message, the same principle should apply for SDT. Hence, we give the following proposals.

[bookmark: _Toc54205289]A pathloss threshold for selection of preamble group for SDT should be used for RACH based SDT.
[bookmark: _Toc54205290]As in legacy, the pathloss threshold is not applied for the CCCH SDU plus MAC subheader when selecting preamble group for SDT
[bookmark: _Toc54205291]Separate ra-Msg3SizeGroupA and ra-MsgA-SizeGroupA are configured for SDT
[bookmark: _Toc54205292]Separate pathloss thresholds are configured for SDT

Apart from data, there can be advantages of including assistance information in Msg3/MsgA. The assistance information is useful for gNB to determine if the UE should remain in inactive or be moved to connected. A Data volume threshold has been agreed to be used partly to ensure SDT is not used for UEs who should rather go to connected immediately, i.e. by the legacy Resume procedure. This will keep SDT RACH resources free from UEs with lots of data and who are better served in connected mode. Assistance information such as a BSR could also indicate that the UE will need a new grant to transmit the data in its buffer. Given the small grants and data amounts expected for SDT, the normal BSR triggering events and rules will create overhead. Several improvements are possible. For example, if the amount of data left in the buffer could be transmitted with a new grant of the same size (or less than a threshold), no BSR would be needed. The BSR could be limited to be a short BSR only reporting data from the LCG configured for SDT. In this case also more optimal formats could be introduced by removing the MAC subheader for the short BSR and using the R-bit in e.g. the R/F/LCID MAC subheader of the MAC SDU to signal inclusion of a short BSR. 
The high level algorithm would then be: 
· If the amount of data is above the Data volume threshold, the UE does not initiate SDT. In this case it would instead do legacy RA and Resume.
· If an SDT procedure is initiated and remaining data is above a threshold a BSR is included.
We propose
[bookmark: _Toc54205294]A BSR is multiplexed with the UE data if not all UE data fit in the MAC PDU and the remaining data is above a threshold. 
[bookmark: _Hlk53479370]2.4	Timers
The SDT procedure may lead to a need for longer timer settings compared to a normal RRCResume procedure. The reason is that in SDT, there may be subsequent UL/DL transmissions before the procedure is completed. For the RA procedure, this may impact the setting of the ra-ContentionResolutionTimer (maximum value 64ms) for the 4-step case and the msgB-ResponseWindow (maximum value 40ms) in the 2-step case. There may be several options of how to do subsequent transmissions, e.g. multiple grants in RAR or grant addressed to C-RNTI after contention resolution. Since the procedure has not been agreed yet, we believe that the discussion of timer settings should wait until the procedure is agreed.
Another timer which may be affected is the T319 timer. The T319 is started upon transmission of RRCResume and stopped upon reception of the RRC response (e.g RRCResume, RRCRelease with suspendConfig or RRCReject). The T319 has a maximum value of 2000ms. In case there are several UL/DL transmissions before the RRC response, the range of the T319 may also need to be changed. The same argument as for the RA related timers is valid also for T319, i.e. discussions should wait until the procedure has been agreed.
It should also be noted that there is also an option of instead of changing timer settings for the above timers, new timers for the SDT procedure could be defined.
[bookmark: _Toc54205284]Discussion of maximum value of the ra-ContentionResolutionTimer, msgB-ResponseWindow and T319 should wait until more details of the SDT procedure have been agreed.

2.4	RA-RNTI and MsgB-RNTI collisions between legacy and SDT RACH configurations
In case a separate RACH configuration is introduced for SDT, there is a risk of RA-RNTI or msgB-RNTI collisions since the RA-RNTI is computed relative to the used RACH configuration. This means that if a legacy UE and a SDT UE transmits the same preamble on different ROs which give the same RA-RNTI, the UEs  cannot deduce which UE is targeted by the RAR addressed to this RA-RNTI with this RAPID.
This leads to several problems. The first problem is that both UEs will utilize the grant in the RAR leading to Msg3 collisions. If the RAR is intended for the SDT UE and legacy UE is successful, the legacy UE would receive a larger grant (targeting SDT) than expected and this would result in less msg3 coverage. If the SDT UE is successful and the RAR is targeting a legacy UE, the grant size might not be sufficient for including data. In this case the SDT UE would still be able to transmit the RRCResume but it would not result in a SDT in inactive. 
There are different ways to avoid these problems, either by defining new RNTIs for SDT or by using a new search space for the RAR and msgB for SDT. A new RNTI (msgB-RNTI) for 2-step RA was introduced in Rel-16 by introducing a new offset to the legacy RA-RNTI. 
Since the RNTI collision is a rather uncommon we believe it is unnecessary to consume more of the RNTI space or search space. A sufficient solution would be that the grant sizes for the preamble groups used for SDT are specified in the configuration. In this way, the SDT UE could deduce if the grant is intended for a legacy UE (grant size different from what is configured for SDT) or a SDT UE (grant size matches the configured size).
If the SDT UE does not use the grant due to that it does not match the configured grant size but instead wait for a new RAR with correct grant size, the problem with colliding RA-RNTIs is solved. We give the following proposals:

[bookmark: _Toc54205295]The grant sizes for Msg3 are configured for SDT. If the grant size received in the RAR does not match the configured grant size, the SDT UE does not transmit Msg3.
[bookmark: _Toc54205296]If the grant size received in the RAR does not match the configured grant size, the SDT UE continues to monitor PDCCH for a DL assignment for the RAR.
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Conclusion
In the previous sections we made the following observations: 
Observation 1	Relying only on the shared PRACH configuration in SI for SDT would not be sufficient in many cases.
Observation 2	Defining two preamble groups for SDT will cater for different sizes of data and coverage situation of the UE.
Observation 3	Discussion of maximum value of the ra-ContentionResolutionTimer, msgB-ResponseWindow and T319 should wait until more details of the SDT procedure have been agreed.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Both separate PRACH configurations and shared PRACH configuration could be used for SDT.
Proposal 2	Separate SDT RACH configuration should be allowed in a non-initial BWP.
Proposal 3	Separate SDT RACH configuration should be given in SI.
Proposal 4	Two SDT specific preamble groups can be defined as baseline for both 2-step and 4-step RA.
Proposal 5	A pathloss threshold for selection of preamble group for SDT should be used for RACH based SDT.
Proposal 6	As in legacy, the pathloss threshold is not applied for the CCCH SDU plus MAC subheader when selecting preamble group for SDT
Proposal 7	Separate ra-Msg3SizeGroupA and ra-MsgA-SizeGroupA are configured for SDT
Proposal 8	Separate pathloss thresholds are configured for SDT
Proposal 9	A BSR is multiplexed with the UE data if not all UE data fit in the MAC PDU and the remaining data is above a threshold. 
Proposal 10	The grant sizes for Msg3 are configured for SDT. If the grant size received in the RAR does not match the configured grant size, the SDT UE does not transmit Msg3.
Proposal 11	If the grant size received in the RAR does not match the configured grant size, the SDT UE continues to monitor PDCCH for a DL assignment for the RAR.
 
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]RP-193252 Work Item on NR smalldata transmissions in INACTIVE

	4/4	
