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1	Introduction
One of the objectives of the Work Item on NR small data transmissions in inactive state (RP-201305) [1] is to specify mechanisms that enable the transmission of small data transmissions over pre-configured PUSCH resources. 
The WID text regarding this objective is:
	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):
· [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]
No new RRC state should be introduced in this WID. Transmission of small data in UL, subsequent transmission of small data in UL and DL and the state transition decisions should be under network control.



This paper discusses the design principles for enabling small data transmission over pre-configured PUSCH resources.
2	Discussion
In the WID [1] both RACH-based SDT and pre-configured PUSCH based SDT schemes are considered. We note that these approaches have commonalities, which we summarize in Table 1. 
Table 1: Common aspects to both RACH-based and Preconfigured PUSCH-based SDT
	
	Common or solution-specific 
	Justification

	UE payload design
	Common
	The same information is required at the network irrespective of the SDT scheme

	Network payload design
	Common
	The same information is required at the UE irrespective of the SDT scheme.

	SDT configuration upon RRC switch to RRC_INACTIVE
	Specific
	The resources to be configured are different (e.g. PRACH preambles required for RACH-based SDT, PUSCH resources for 2-step RACH SDT, pre-configured PUSCH resources in Preconfigured PUSCH-based SDT)

	Validity conditions 
	Specific
	Specific to RACH vs preconfigured PUSCH schemes



We remark that pre-configured PUSH based SDT is similar to the Preconfigured Uplink Resources (PUR) – introduced in Release 16 for NB-IoT – which one uplink transmission from RRC_IDLE using a preconfigured uplink resource without performing the random-access procedure [2]. The design of PUR could serve as basis for the SDT design whenever appropriate.
The pre-configured PUSCH based SDT procedure is illustrated in the signalling diagrams in Fig. 1.
[image: ]
Figure 1: Pre-configured PUSCH based SDT.
[bookmark: _Hlk47532824]In the following we discuss the procedures required for the pre-configured PUSCH-based SDT schemes.
2.1	Validity conditions to use pre-configured PUSCH based SDT
2.1.1 	Timing alignment validity
In the WID, it is highlighted that the transmission of UL data over pre-configured PUSCH resources has the caveat that the UE must have a valid timing alignment, which is in-line with the PUR design [2]. 
A UE in RRC_CONNECTED state, is configured by the RRC with timeAlignmentTimer that controls for how long the MAC entity considers the Serving Cells associated with the Timing Advance Group to be uplink time aligned. 
The general design principle is that if this timer expires then the MAC entity assumes that the uplink is no longer time aligned, which in turn triggers several configuration release actions which include also the “clear any configured downlink assignments and configured uplink grants”. This timer can be started or restarted upon the reception of a Timing Advance Command MAC CEs or by a Timing Advance Command via a Random Access Response message. Furthermore, when the UE is transitioned by the network to RRC_INACTIVE state (RRCRelease with suspend configuration), the MAC entity is reset which will lead to the current timeAlignmentTimer to be dropped.
If the condition to use the pre-configured PUSCH resources is to have a valid Timing Alignment then it is necessary that the UE has a mechanism available, while in RRC Inactive, that allows it to keep track if the Timing Alignment is still valid. In PUR, this is based on the monitoring of the cell RSRP level; while an alternative/additional approach could be to have this mechanism to be timer based as in RRC_CONNECTED state, which would require the introduction of a timeAlignmentTimer (or equivalent timer) to be available for the UE that transitions to RRC_INACTIVE state. 
In PUR, when pur-TimeAlignmentTimer is running and RSRP has not changed more than increaseThresh/decreaseThresh, TA is considered as valid [3]. It seems the approach used for PUR can be used as baseline for the NR SDT.
	[bookmark: _Toc36566472][bookmark: _Toc36809881][bookmark: _Toc36846245][bookmark: _Toc36938898][bookmark: _Toc37081877][bookmark: _Toc46480502][bookmark: _Toc46481736][bookmark: _Toc46482970][bookmark: _Hlk54267542]5.3.3.19	Timing alignment validation for transmission using PUR
A UE shall consider the timing alignment value for transmission using PUR to be valid when all of the following conditions are fulfilled:
1>	if pur-TimeAlignmentTimer is configured:
2>	pur-TimeAlignmentTimer is running as confirmed by lower layers;
1>	if pur-RSRP-ChangeThreshold (pur-NRSRP-ChangeThreshold in NB-IoT) is configured:
2>	since the last TA validation, the serving cell (N)RSRP has not increased by more than increaseThresh; and
2>	since the last TA validation, the serving cell (N)RSRP has not decreased by more than decreaseThresh;



Proposal 1: the PUR criteria(s) of RSRP and TA timer to track if the UE’s current Timing Alignment is valid is taken as baseline for CG based SDT. 
In PUR, whenever the TA validity conditions are not met (e.g. the cell RSRP level changes above a configured threshold) then the PUR configured resources are released or after the UE skips a number of transmission occasions above a threshold given by pur-ImplicitReleaseAfter. Whenever this occurs, then there will be significant signalling overhead to re-establish the PUR configuration. One way to avoid the release of the PUR configured resources is for the network to configure the pur-NumOccasions threshold to infinite without implicit release, however this does not solve the problem that the UE has lost the timing alignment.
Therefore, whenever the UE detects that it lost the timing alignment there should be mechanisms in place that allow the UE to recover the timing alignment. 
Here two type of mechanisms could be considered:
· Reactive – where the UE upon detecting that it lost its timing alignment towards the serving network, it can initiate a RACH based procedure to acquire the timing alignment (this can include both normal RACH or SDT based RACH); and/or
· Proactive – where the UE acquires periodically timing alignment adjustments as result from its CG based SDT transmissions, transmissions over the RACH or even based on periodically occurring contention free preambles dedicated to the UE for that purpose.
Proposal 2: Introduce a mechanism to maintain/recover the timing alignment to avoid the pre-configured PUSCH resources to be released due outdated timing alignment. 
2.1.2	Beam operation validity 
In deployments such as FR2 and above frequencies, the network infrastructure can have analog or digital-analog hybrid RF frontend, which will limit the spatial directions that a TRP can receive at a given time instant. This aspect should be considered into the pre-configured PUSCH based SDT.
While in RACH-based small data transmission, the selection of a RACH preamble in a specific RACH occasion signals to the TRP which Rx beam alignment to apply in order to receive the UE’s PUSCH transmission. In small data transmissions over pre-configured PUSCH resources, this indication is not present and therefore the TRP does not know which Rx beam alignment to apply for the reception of the UE’s PUSCH transmission. This is the case, as no beam alignment procedures are in place between the UE and NW while the UE is in RRC_INACTIVE state.
We remark that even though the condition of a valid timing alignment can mitigate in part the occurrence of Rx TRP misalignment, it cannot prevent it from occurring. An illustrative example is provided in Figure 1, where if the UE follows the described UE movement it keeps a valid timing alignment, while having to transition between different TRP Rx beams, which here we depict as being associated with different SSBs. Small cell deployments are also a typical example where the TA can always be considered as valid while the UE is transitioning between different TRP Rx beams. 
To ensure the NW can receive the transmission on the pre-configured resource, beams needs to be validated as well to initiate UL transmission, e.g. it is considered as valid only if SSB does not change from the one the UE was put inactive, or a number of SSBs can be configured together with the CG resource, etc. 
[image: ]
[bookmark: _Ref29299905]Figure 2: UE maintaining a valid timing advance, while transitioning between SSBs.
Observation 1: The condition of a valid timing alignment is not sufficient condition to prevent gNB Rx beam misalignment in all scenarios.
Proposal 3: Beam validation is considered on top of TA validation to decide if a CG occasion can be used for SDT.  
2.2	Configuration of pre-configured PUSCH based SDT resources
2.2.1	Procedure to configure pre-configured PUSCH based SDT resources
In the PUR design, the UE may request to be configured with a PUR or to have a PUR configuration released while in RRC_CONNECTED mode. The Network can then decide to configure a PUR that may be based on the UE's request, the UE's subscription information and/or local policy [2].
In pre-configured PUSCH based SDT, the same approach for the UE requesting the pre-configured PUSCH based SDT configuration and the Network providing a dedicated configuration can be followed. Although, the contents of the UE request should be revisited to match the design of the pre-configured PUSCH based SDT.
Proposal 4: The UE should be allowed to request to the Network for a pre-configured PUSCH based SDT resource/configuration.
In some use cases the UE might have preferences for specific time occasions where the pre-configured PUSCH resources should occur. This can be due to the traffic characteristics of the application requiring SDT (e.g. an application where the traffic is generated every x seconds) or it can be due to the type of UE (e.g. a Multi-USIM device, where due to the activity of the different USIMs certain time periods are not suitable for pre-configured PUSCH based SDT). As such, the UE should be able to indicate to the network these preferences.
Proposal 5: Specify signalling mechanisms that allow the UE to indicate to the Network its preferences in regard to the time occurrence of pre-configured PUSCH based SDT.
The network can indicate to the UE the pre-configured PUSCH based SDT resources via dedicated signalling such as part of the RRC Release (as in PUR). Alternatively, the pre-configured PUSCH based SDT resources configuration or part of it could also be part of broadcast signalling. The main advantage of introducing broadcasted signalling would be to minimize the signalling overhead associated to a change of configuration that would be common to a group of UEs, e.g. to suspend (part of) the configurations for the UEs when the cell is loaded.
Proposal 6: It should be possible to indicate or reconfigure the pre-configured PUSCH based SDT resource configuration with both, dedicated and broadcast signalling. 
In case of increased load in a cell or TRP, the affected cell or TRP might need to release/suspend the usage of the pre-configured PUSCH resources for all the UEs under the cell/TRP or for a specific group of UEs at once. This is to allow NW to take in use the pre-allocated resources when it has more UEs to serve, e.g., in CONNECTED mode. However, paging the UE and bringing it to CONNECTED mode to provide the UE with reconfiguration seems an overkill solution for this – this will just contribute on the increased load even more.
Proposal 7: It should be possible for the NW to release/suspend the usage of pre-configured PUSCH resources efficiently.
3	Conclusions
[bookmark: _Hlk46849223]In this paper we have the following observations and proposals:
Proposal 1: the PUR criteria(s) of RSRP and TA timer to track if the UE’s current Timing Alignment is valid is taken as baseline for CG based SDT. 
Proposal 2: Introduce a mechanism to maintain/recover the timing alignment to avoid the pre-configured PUSCH resources to be released due outdated timing alignment. 
Observation 1: The condition of a valid timing alignment is not sufficient condition to prevent gNB Rx beam misalignment in all scenarios.
Proposal 3: Beam validation is considered on top of TA validation to decide if a CG occasion can be used for SDT.  
Proposal 4: The UE should be allowed to request to the Network for a pre-configured PUSCH based SDT resource/configuration.
Proposal 5: Specify signalling mechanisms that allow the UE to indicate to the Network its preferences in regard to the time occurrence of pre-configured PUSCH based SDT.
Proposal 6: It should be possible to indicate or reconfigure the pre-configured PUSCH based SDT resource configuration with both, dedicated and broadcast signalling. 
Proposal 7: It should be possible for the NW to release/suspend the usage of pre-configured PUSCH resources efficiently.
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