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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 addition to this, several agreements have been reached in RAN2#112e as shown below. Of these agreements, several are relevant for configured grants.

	Agreements:
1   For small data, for RACH and CG based solutions when the UE receives RRC release with Suspend config, the UE at least performs the following actions (i.e. same action as in legacy): 
-	MAC is reset and default MAC cell group configuration is released 
-	RLC entities for SRB1 are re-established 
-	SRBs and DRBs are suspended except SRB0
NOTE: SDT termination will be discussed with later papers
2	For both RACH and CG based solutions, upon initiating RESUME procedure for SDT initiation (i.e. for first SDT transmission), the UE shall re-establish at least the SDT PDCP entities and resume the SDT DRBs that are configured for small data transmission (along with the SRB1). FFS for non-SDT DRBs. FFS on implicit vs. explicit.  FFS on whether we a new Resume cause.  FFS on whether we need to deal with suppressing PDCP status report 
3  	The first UL message (i.e. MSG3 for 4-step RACH, MSGA payload for 2-step RACH and the CG transmission for CG) may contain at least the following contents (depending on the size of the message):
-	CCCH message (needs to be included)
LCP can be used to determine to priority of the content below that may be included
-	DRB data from one or more DRBs which are configured by the network for small data transmission 
-	MAC CEs – (e.g. BSR).  FFS other MAC CEs 
-	Padding bits
	FFS if we need to ensure that SDT data only is included.  Depends on whether the UE initiates legacy/normal resume 
4	For RACH and CG, the existing UAC procedure to determine whether access attempt is allowed, will be reused for SDT.
5	SDT is transparent to NAS layer (i.e. NAS generates one of the existing resume causes and AS decides SDT vs non-SDT access)
6 	In case of RRC-based solution, for both RACH and CG based solutions, the CCCH message contains ResumeMAC-I generated using the stored security key for RRC integrity protection – i.e same as Rel-16.
7    For both RACH and CG based solutions, new keys are generated using the stored security context and the NCC value received in the previous RRCRelease message (i.e. same as legacy procedure) and these new keys are used for generating the data of DRBs that are configured for SDT.
8	For RACH based solutions, upon successful completion of contention resolution, the UE shall monitor the C-RNTI. 
9	Determine if RAN1 LS is needed later – current list of possible questions input on the coreset/search space for the C-RNTI (i.e. is it common or dedicated)
10:  As a baseline, the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT 
Note: the above proposal means that
-	If ROs for SDT and non SDT are different, preamble partitioning between SDT and non SDT is not needed.
-	If ROs for SDT and non SDT are same, preamble partitioning is needed
FFS if common configuration should be allowed
11:	If the RACH resource i.e. (RO+preamble combination) is different between SDT and non-SDT then there is no further need for any differentiation between MSG2/MSGB for SDT vs non-SDT




This contribution discusses details and issues with the pre-configured PUSCH resource schemes.
[bookmark: _Ref178064866]2	Discussion
The general design principle of Rel 17 SDT for NR is that the framework of configured grants (CG) of type 1 is used as baseline. With such an baseline, the current specification of UE behaviour and grant handling can be reused simplifying the work for SDT.
[bookmark: _Toc54272459][bookmark: _Toc61534643]The legacy Configured Grant framework is reused for CG based SDT 

2.1	Data volume criteria 
A Data volume threshold should be defined for CG-SDT. In case the amount of data in the buffer for the LCH configured for CG is above the Data volume threshold, the CG is not valid. In this case the UE will need to revert to either a RACH based SDT access, assuming conditions for this are fulfilled, or otherwise to legacy connection resume procedure.
[bookmark: _Toc61534644]Introduce a Data volume threshold for when the configured CG is valid.

2.2	Time Alignment
It can be assumed that for the use of any CG type configuration, frame synchronization is needed. As been discussed in [2], both a time alignment timer (TAT) for Serving Cells associated with the Timing Advance Group (TAG) and the RSRP will be used to determine if the UE is time aligned. The UE will be considered time aligned if the TAT is running and the RSRP is within certain thresholds. The use of RSRP is to ensure that the UE is stationary.
Maintained time alignment also assumes a stationary UE. Similar to PUR, having a beam change criterion for CG TA validation should be sufficient. This means that if the beam has changed (e.g. the SSB with highest RSRP) this should be considered as if the UE is in mobility and the CG configuration should be released. There would then be three conditions for a UE to be time aligned:
1. TAT is running
2. SSB with highest RSRP has not changed
3. RSRP is within configurable thresholds

We believe this behavior is simple and we see little benefit of keeping CG configuration which at some point in time is not time aligned. It would further complicate things if the configuration was kept if the RSRP threshold would be fulfilled after a number of missed transmission opportunities as this would not be  distinguishable from UL skipping from the gNB. In case the gNB wishes to keep the CG configuration active when TAT is about to expire, it can update the TA before the TAT expires.
[bookmark: _Toc61534645][bookmark: _Toc61340447][bookmark: _Toc61340629][bookmark: _Toc61423502][bookmark: _Toc61441819][bookmark: _Toc54272462]If the UE does not have a valid time aligment corresponding to a Configured Grant configuration, the UE discards the CG configuration. 
[bookmark: _Toc61534646]RAN2 to discuss if a beam change result in that the CG config for SDT is released.

2.3	Multiple CG configurations
In Rel. 16, the gNB can configure a UE with several CG configurations. As has been discussed in [2], companies seem to have different views. We see some benefits to be able to configure different CG for different services but probably not for different beam associations, pending RAN1 input. We also see no reason not to follow legacy in this case and not impose additional restrictions. Therefore 
[bookmark: _Toc61534647]It should be possible to configure several CG in the same serving cell for SDT
 2.4	UL skipping
If a stationary UE configured with a Type 1 CG does not use a SDT configuration, there is benefit for having those UEs to release the CG configuration without additional RRC signalling. This would be particularly useful when the CG configuration is provided as a response to a RACH based SDT when only a few transmissions are expected. Another case is when gNB configures a very long TAT and the UE at some point runs out of data and does not need the CG resources anymore. These resources can then be allocated to other UEs. A simple way would be to reuse skipping, in that a UE skipping SDT CG resources for a configured number of times also release the CG configuration. I.e. the configured uplink grant is released by upper layers and corresponding uplink grants is cleared if the UE does not transmit on a configured number of subsequent CG grants. This would lessen the need for RRC reconfigurations and also lead to more efficient use of SDT with configured grants. Note that similar functionality already is defined for SPS in LTE and for PUR.
[bookmark: _Toc54272464][bookmark: _Toc61534648]The CG is released after skipping a configurable number of times
[bookmark: _Toc54270973][bookmark: _Toc54271015]2.5	Beam handling 
As has been discussed, the use of beams may have impact on CG-based SDT. A configured CG will have a beam correspondence meaning that the UE transmits in a certain direction and the gNB listens in the same direction, i.e. corresponding to a specific SSB. A natural assumption is that the beam correspondence configured is the one that is used when the UE is sent from connected to inactive. The same is valid if the CG configuration is a response to a RA-SDT since the UE in this case will have indicated its best beam.
In Rel-16, it is possible to configure several CG in the same cell. This could in principle be used to configure CG on different beams and thereby allow the UE to select the best beam and to allow some movement of the UE. The UE would simply use the configuration which matches the strongest SSB. However, for the reasons given above that the gNB already knows the best beam for the UE, it seems questionable that more than one association is needs to be configured in the basic use case of a stationary UE. We therefor propose that
[bookmark: _Toc61534649]No selection algorithm for CG configurations with different beam associations is needed

2.6	SUL
In Rel 16 it is possible to configure CG Type 1 on NUL and SUL, but not simultaneously. This limits the burden on gNB since it does not need to monitor both carriers. We believe this does not allow active configurations on both NUL and SUL. Similar to the case with different beam associations we do not think this is necessary for the same reason as above: the gNB already knows if the NUL or SUL should be used for the stationary UE. We therefore think that the discussion in [2] should be clarified by the following proposal
[bookmark: _Toc61534650]The CG-SDT resources are configured on either NUL or SUL. No selection algorithm for use of CG configurations on NUL or SUL is needed
[bookmark: _GoBack]2.7	Subsequent transmissions 
Similar to the RACH based SDT, there can be situations where the data can not be transmitted in the grant. To make the gNB aware of this there are advantages of including assistance information in the SDT MAC PDU on CG. The assistance information is useful for gNB to determine if the UE should remain in inactive or be moved to connected and that a new grant is needed. A Data volume threshold can 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 CG 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 benefit from 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 few more CG transmissions, no BSR would be needed. The BSR could be limited to be a short BSR only reporting data from the LCG configured for SDT and is triggered when the available configured grant resources are needed for a longer period of time to empty the current UE buffer. In case the BSR is included, the gNb is informed of the situation and can do an informed decision of whether to move the UE to connected and issue dynamic grants to swiftly empty the UEs buffer.
[bookmark: _Toc54272467][bookmark: _Toc61534651]A BSR trigger for a volume threshold requiring subsequent data transmissions is defined.
To enable dynamic grants when the CG are not sufficient to empty the UE buffer is beneficial if there are sufficient HARQ processes available for CG. This is unlike PUR where only one HARQ process id was defined. Therefore we believe that legacy methods for HARQ process configuration and determination should be used. 
[bookmark: _Toc61534652]HARQ process configuration and determination should be according to NR Rel. 16.
In Rel. 16, autonomous retransmissions can be configured using the cg-RetransmissionTimer, which enables retransmissions on CG occasions. We believe this feature is not very useful for the scenarios considered for CG-SDT, since the periodicities between CG transmission occasions is relatively large. In these cases, it is more efficient to rely on dynamic grants addressed to the CS-RNTI. We therefore propose that
[bookmark: _Toc61534653]Autonomous retransmissions on CG is not supported for CG-SDT.

Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	The legacy Configured Grant framework is reused for CG based SDT
Proposal 2	Introduce a Data volume threshold for when the configured CG is valid.
Proposal 3	If the UE does not have a valid time aligment corresponding to a Configured Grant configuration, the UE discards the CG configuration.
Proposal 4	RAN2 to discuss if a beam change result in that the CG config for SDT is released.
Proposal 5	It should be possible to configure several CG in the same serving cell for SDT
Proposal 6	The CG is released after skipping a configurable number of times
Proposal 7	No selection algorithm for CG configurations with different beam associations is needed
Proposal 8	The CG-SDT resources are configured on either NUL or SUL. No selection algorithm for use of CG configurations on NUL or SUL is needed
Proposal 9	A BSR trigger for a volume threshold requiring subsequent data transmissions is defined.
Proposal 10	HARQ process configuration and determination should be according to NR Rel. 16.
Proposal 11	Autonomous retransmissions on CG is not supported for CG-SDT.
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