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Introduction
[bookmark: _Hlk510705081]RAN#88 initiated a WI on small data transmissions in inactive state [1] stating on Note 2 that “Any associated specification work in RAN1 that is needed to support the above set of objectives should be initiated by RAN2 via an LS.” 
	· 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]
· Specify RRM core requirements for small data transmission in RRC_INACTIVE, if needed [RAN4]
No new RRC state should be introduced in this WID. Transmission of smalldata in UL, subsequent transmission of smalldata in UL and DL and the state transition decisions should be under network control.
Focus of the WID should be on licensed carriers and the solutions can be reused for NR-U if applicable.
Note 2: Any associated specification work in RAN1 that is needed to support the above set of objectives should be initiated by RAN2 via an LS. 



RAN1#104 is received the LS the WID mentions, sent from November RAN2#112e [2], and responded to that in [3], but indicated that further updates will be coming:
	For CG-SDT
First of all, RAN1 concludes that one or multiple SSBs can be associated with each CG configuration for CG-SDT. Regarding the detailed association design, at least two feasible solutions have been considered in RAN1, one alternative is to reuse the SSB-to-RO mapping rule as much as possible, and the other alternative is to associate the CG resources per CG configuration with a set of SSB(s) that is explicitly configured for the CG configuration. It is also noted that other solutions are not precluded. RAN1 will continue the discussion and provide more details later.



RAN1#104e-bis is further receiving an LS from RAN2#113e [4]:
	To RAN1 group.
ACTION: 	RAN2 respectfully requests RAN1 to take the above into account and provide input for: 
· The TA validation mechanism based on RSRP change for CG-SDT. 



Discussion
The original RAN2 LS [2] received in RAN1#104 had a question on “Configuration of association between the type 1 CG resource(s) for CG-SDT and SSB(s)”, RAN2 noted:
	…
6. From RAN2 point of view:  An association between CG resources and SSBs is required for CG-based SDT.  FFS up to RAN1 how the association is configured or provided to the UE.  Send an LS to RAN1 to start the discussion on how the association can be made.   Mention that one option RAN2 considered was explicit configuration with RRC Release message
7. A SS-RSRP threshold is configured for SSB selection. UE selects one of the SSB with SS-RSRP above the threshold and selects the associated CG resource for UL data transmission.
…

…RAN2 has agreed that an association between type 1 CG resource(s) and SSB(s) is required for CG-based SDT considering the multi-beam operation. Providing such configuration explicitly in the RRCRelease message with suspendConfig is being considered by RAN2. RAN2 respectfully requests RAN1 to provide input on configuration of such association between the type 1 CG resources and the SSBs. 



RAN1 noted in the response LS [3] the RAN1#104 agreements and promised to provide more details later:
· One or multiple SSBs can be associated with each CG configuration for CG-SDT.
· From RAN1 perspective, the following options can be considered for the association between the SSBs and the CG resources (including transmission occasions and DMRS) per CG configuration for CG-SDT.
· Opt. 1: Define the SSB-to-CG-PUSCH mapping rule 
· Reuse the SSB-to-RO mapping as the baseline
· FFS the potential RAN1 impact, e.g. mapping ratio and association period
· Opt. 2: CG resources per CG configuration are associated with a set of SSB(s) by explicit signalling.
· FFS the potential RAN1 impact
· Other solutions are not precluded
· FFS whether repetition is supported for CG-SDT or not, and if supported how to handle the mapping between the SSBs and repetitions
· FFS TA validation and PUSCH validation for CG-SDT.


Configuration of association between the type 1 CG resource(s) for CG-SDT and SSB(s)
The two options under discussion after RAN1#104 are
Opt. 1: Define the SSB-to-CG-PUSCH mapping rule 
· Reuse the SSB-to-RO mapping as the baseline
Opt. 2: CG resources per CG configuration are associated with a set of SSB(s) by explicit signalling.

The SSB-to-RO mapping is needed in the RACH procedure because there is just one set of ROs configured in the cell, and if the gNB needs to map the DL Tx beam to UL Rx beam or just know under with DL beam the RAR is to be transmitted, the SSB-to-RO mapping is needed to make this connection.
Another approach that could have been used for RO would have been to provide a dedicated RO configuration for (a set of) SSB(s), and the step of SSB-to-RO mapping would not have been needed. Reasons why this approach was not really considered can be seen partly as historical as partly a way to minimize the size of the minimum system information needed for the UE to be able to access the system.
RAN1#104 already agreed that there is an association from the SSB to the SDT-CG-PUSCH configuration, and it would seem redundant to also define an SSB-to-transmission occasion relation within one SDT-CG-PUSCH configuration. If the gNB needs 1-to-1 SSB-to-SDT-CG-PUSCH, then it will associate each SSB with a specific SDT-CG-PUSCH configuration. If the gNB does not need 1-to-1 identification of the SSB beam, then a many-to-one mapping can be used (same gNB flexibility is provided for RACH with the spec support for maping many SSBs to one RACH Occasion).
Observation 1: Defining a concept of SSB-to-SDT-CG-PUSCH transmission occasion mapping is redundant when each SSB can be provided with a specific SDT-CG-PUSCH configurartion when needed
Proposal 1: The SDT-CG-PUSCH resource to SSB relation is provided explicitely in the RRC configuration allowing one SDT-CG-PUSCH configuration per 1-N SSBs. No other SSB-to-PUSCH transmission occasion relation is defined.

PUSCH repetition with SDT-CG-PUSCH
RAN1#104 had the following FFS point:
· FFS whether repetition is supported for CG-SDT or not, and if supported how to handle the mapping between the SSBs and repetitions

CG-PUSCH supports PUSCH repetitions since Rel-15 and there doesn’t seem to be any obvious reason why the feature should be disallowed when CG-PUSCH is used for small data transmission purposes. When the SSB-to-PUSCH mapping is done directly with the mapping of the SDT-CG-PUSCH configuration to the SSB, there is no ambiguity in the SSB mapping.
Observation 2: When SDT-CG-PUSCH configuration is associated to an SSB, there is no additional SSB mapping complication when repetitions are allowed.
Proposal 2: Allow using PUSCH repetition with SDT-CG-PUSCH. No spec changes needed.

Beam correspondence in RRC_INACTIVE
Regardless of the mechanism that is used to establish the SSB-to-PUSCH transmission, there is an underlying assumption that the UE can guarantee SSB-to-PUSCH beam correspondence in RRC_INACTIVE if it is using any uplink beamforming to ensure that the uplink transmission will be directed to direction where the SSB being acted on was received. 
Observation 3: The UE in RRC_INACTIVE needs to support beam correspondence for the SDT-CG-PUSCH resource to SSB relation to be useful.
Proposal 3: Send an LS to RAN4 requesting the beam correspondence requirements to be applied to RRC_INACTIVE

TA validity within and across SSBs
RAN1#104e noted that both TA validation and PUSCH validation are FFS [3]. The second RAN2 LS to RAN1 received in RAN1#104e-bis was also addressing the TA validation part [4]:
	
	Some relevant agreements:

1. CG-SDT resource configuration is provided to UEs in RRC_Connected only within the RRCRelease message, i.e. no need to also include it in RRCReconfiguration message 
2. CG-PUSCH resources can be separately configured for NUL and SUL.  FFS if we allow them at the same time.  This depends on the alignments CRs for Rel-16. 
3. For CG-SDT the subsequent data transmission can use the CG resource or DG (i.e dynamic grant addressed to UE’s C-RNTI). Details on C-RNTI, can be the same as the previous C-RNTI or may be configured explicitly by the network can be discussed in stage 3
4. TAT-SDT is started upon receiving the TAT-SDT configuration from gNB, i.e. RRCrelease message, and can be (re)started upon reception of TA command. 
5. From RAN2 point of view, assume similar to PUR, that we introduce a TA validation mechanism for SDT based on RSRP change, i.e.  RSRP-based threshold(s) are configured.  Ask RAN1 to confirm.  FFS on how to handle CG configuration when TA expires or when TA is invalid due to RSRP threshold.  Details of the TA validation procedure can be further discussed.
6. UE releases CG-SDT resources when TAT expires in RRC_Inactive state 



As noted above, RAN2 assumes that a similar timing alignment (TA) validation mechanism based on RSRP change as used in LTE PUR can be also introduced for CG-SDT. In LTE PUR, UE considers the TA as invalid, if the serving cell RSRP level has changed more than a configured RSRP threshold.  
RAN2 respectfully requests RAN1 to provide input on whether the change of RSRP is a suitable criterion for determining the validity of the uplink timing alignment for CG-SDT considering the multi-beam operation. 


To ease the discussion, we revisit the LTE PUR TA validation procedure, as defined in TS 38.331 in clause 5.3.3.19, below:
	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;


A UE before proceeding with its PUR transmission, has to ensure that: (i) the TAT is running and (ii) that the serving cell RSRP is within a variation interval. In regards to (ii), the UE checks if the current measured serving cell RSRP as neither increased above the increaseThresh nor has decreased below the decreaseThresh, when compared to previous serving cell RSRP when the UE knew that the TA was valid.
The LTE PUR’s TA validation procedure is not directly applicable in NR, mainly due to the characteristics associated with the NR’s beam-based operation. Specifically, as the serving serving cell RSRP in a beam-based deployment reflects predominantly the strongest SSBs measured at the UE’s current position, then when the UE transitions between SSBs the measured serving cell RSRP can remain within the configured variation interval, while the UE can have moved enough for its TA to no be longer be valid.
In Figure 1 two examples of UE movement are provided, where the variation of the serving cell RSRP does not correlate to whether the TA remains valid or not.
[image: ]
Figure 1: Heatmap showing the SS-RSRP in a cell deployment with ISD = 100 m and 14 SSBs, where the TRP transmits the SSBs with 24 dBm. The notation example 1 and example 2 shows the UE movement in the x and y axes, respectively
In the Example 1, for which the SS-RSRP is depicted in Figure 2, it is observed that as the UE gets farther away from the TRP that the serving cell RSRP (i.e. the consolidated SS-RSRP) increases until reaches 10 m from the TRP, then decreases when it reaches 15 m and then increases again above 20 m. When applying a RSRP variation interval of ΔRSRP = 5 dB, it can be observed that when the UE transitions between the coverage of SSB 12 and 5 that the serving cell RSRP remains within the TA validation interval, however the distance covered by the UE corresponds to several TA adjustment steps for SCS = 240 kHz.  
[image: ]
Figure 2: Example 1, where the UE moves along the x axis in Figure 1, (a) where a RSRP variation of 5 dBs according to the UE movement is illustrated and the (b) the correspondence to the number of TA adjustment steps
In the Example 2, for which the SS-RSRP is depicted in Figure 3, it is observed that eventhough the TA is expected to be valid as the distance between the UE and TRP varies slightly, that there is a significant variation of the serving cell RSRP (i.e. the consolidated SS-RSRP). Furthermore, when applying the same RSRP variation interval of ΔRSRP = 5 dB (as in Example 1) it is observed that the TA would be deemed as no longer valid if the UE went outside the depicted interval.
[image: ]
Figure 3: Example 2, where the UE moves along the y axis in Figure 1, where a RSRP variation of 5 dBs according to the UE movement is illustrated
These results show that the serving cell RSRP is not a reliable metric to use to validate if the UE’s TA remains valid or not.
Observation 4: TA validation based on serving cell RSRP variation is not robust in a NR system due to the multi-beam scenarios.
In order to address the limitations of the serving cell RSRP based TA validation in a multi-beam deployment, different approaches can be considered:
· Time based schemes, where instead of utilizing RSRP variations over time to detect UE movement, the UE instead measures the shift of the SSB in time in comparison with the UEs internal clock (or an external source) and based on the observed shift decides if the UE movement was such that the UE’s current TA is no longer valid;
· Multi-cell based RSRP measurements, where the UE measures the RSRP variation from the SSBs received from the serving cell and other cells in the UE vicinity and based on that decides if the variation is such that the UE movement is enough to make the TA no longer valid;
· Multi-cell based time of arrival schemes, where the SSB shift observed across the multiple cells serve as an indication of UE movement;
· Serving cell multi-beam RSRP measurements, where the RSRP variation accross multiple beams can be used to make the PUR based scheme more robust to multi-beam deployment; or
· Beam based TA validation, where the specific beam can indicate if TA validation (and other aspects such as TAT) needs to be applied while the UE is in the coverage of the SSB.

Proposal 4: RAN1 should study enhancements to the serving cell RSRP variation based TA validation that work in multi-beam cells.



Conclusion
In this contribution the following obserations and proposals with regard to the RAN1 Aspects for NR small data transmissions in INACTIVE state on a numer of different aspects are made:
Configuration of association between the type 1 CG resource(s) for CG-SDT and SSB(s)
Observation 1: Defining a concept of SSB-to-SDT-CG-PUSCH transmission occasion mapping is redundant when each SSB can be provided with a specific SDT-CG-PUSCH configurartion when needed
Proposal 1: The SDT-CG-PUSCH resource to SSB relation is provided explicitely in the RRC configuration allowing one SDT-CG-PUSCH configuration per 1-N SSBs. No other SSB-to-PUSCH transmission occasion relation is defined.
PUSCH repetition with SDT-CG-PUSCH
Observation 2: When SDT-CG-PUSCH configuration is associated to an SSB, there is no additional SSB mapping complication when repetitions are allowed.
Proposal 2: Allow using PUSCH repetition with SDT-CG-PUSCH. No spec changes needed.
Beam Correspondence in RRC_INACTIVE
Observation 3: The UE in RRC_INACTIVE needs to support beam correspondence for the SDT-CG-PUSCH resource to SSB relation to be useful.
Proposal 3: Send an LS to RAN4 requesting the beam correspondence requirements to be applied to RRC_INACTIVE
TA validity within and across SSBs
Observation 4: TA validation based on serving cell RSRP variation is not robust in a NR system due to the multi-beam scenarios.
Proposal 4: RAN1 should study enhancements to the serving cell RSRP variation based TA validation that work in multi-beam cells.
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