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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 received the LS [2] that triggered the RAN1 work, and has been discussing the RAN1 aspects since. In this contribution we further discuss a number of aspects related to the physical layer aspects of small data transmission.
Discussion
Configuration of association between the type 1 CG-PUSCH resource(s) for CG-SDT and SSB(s)
RAN1#104bis made the following agreement on CG resource configuration for SDT:
	Agreement:
· CG resources per CG configuration are associated with a set of SSB(s) configured by explicit signalling.
· FFS how to define an SSB-to-PUSCH resource mapping within the CG configuration.
· FFS specific changes to the CG configuration to support the additional SSB-to-PUSCH mapping, if any.


In the agreement there are two aspects to clarify:
1. How to define an SSB-to-PUSCH resource mapping within the CG configuration; and
2. Specific changes to the CG configuration to support the additional SSB-to-PUSCH mapping.
In essence the first aspect refers to which rule to use to perform the mapping between SSB-to-PUSCH resource, while the second aspect refers to the implementation of that rule within the CG configuration. The second aspect should be left to RAN2 after the first aspect has been clarified in RAN1.
[bookmark: _Hlk71658148]Proposal 1: The specific changes to the CG configuration to support the additional SSB-to-PUSCH mapping should be left to RAN2 to discuss, after the SSB-to-PUSCH mapping rule has been defined in RAN1.
In regards to the first aspect, we note that a serving cell TRP, when implemented with an analogue RF frontend (e.g. in FR2 deployments), is limited in the number of directions that it can receive at a time based on the number of available panels. In the case of the monitoring of a RACH Occasion (RO), the TRP is only able to receive in the direction(s) equivalent to the SSBs mapped to the preambles within the RO. As a consequence, the TRP will also only be able to receive transmissions, in the non-RACH PRBs during the RO time instance, from UEs located in those same directions.
Therefore, it would be beneficial to be able to configure the CG-SDT resources associated with a particular SSB to occur in the same time occasions as the RO associated with that same SSB; or at least near the time occasions associated with the RO (e.g. in the same time instances as the PUSCH occasions for MsgA PUSCH).
Following this approach, the SSB-to-PUSCH resource mapping could be achieved by using a RO associated with one (or more SSBs) as the time and frequency anchor upon which, e.g., a time and frequency offset could be applied to indicate which PUSCH resource would be allocated to the UE to perform CG-SDT when under that SSB. Such an approach is depicted in Figure 1.


[bookmark: _Ref70516181]Figure 1: Application of the time and frequency offsets: (a) the CG-PUSCH resource occurs before the anchor RO; (b) the CG-PUSCH resources overlaps the RO; (c) the CG-PUSCH resource precedes the RO.
[bookmark: _Hlk71658155]Proposal 2: SSB-to-PUSCH resource mapping is in relation to a RO associated with the SSB (e.g. based on a time and frequency offset in relation to the RO).
TA validity within and across SSBs
RAN1#104bis-e received a liaison from RAN2 on the TA validation in [4], and provided the following response in [5]:
	RAN1 discussed TA validation based on RSRP change criterion, and confirms that the change of RSRP could be taken as an optional criterion for determining the validity of the UL TA for CG-SDT considering the multi-beam operation. The criterion is valid only when the gNB configures RSRP change thresholds. RAN1 sees a few potential options on how the RSRP change thresholds are configured, e.g., cell level configured, or per set of SSBs configured, or configured per CG PUSCH configuration, etc. RAN1 understands this shall be studied in RAN2.
The RSRP in the criterion is a linear averaged RSRP of a subset of SSBs. The suitable mechanism for determining this subset of SSBs is still to be discussed further in RAN1. Candidates under study include e.g., determination based on an absolute RSRP threshold, or based on the SSB subset in configuration, etc. RAN1 will inform RAN2 if further progress is achieved in future.
Please note besides the RSRP change criterion and the TAT criterion (as agreed in RAN2), other criterions are under discussion in RAN1 to handle e.g., the potential issue of accuracy of TA validation from absolute RSRP. RAN1 does not reach consensus if the issue exists, and it is RAN1 understanding that this potential issue of accuracy of TA validation from absolute RSRP belongs to RAN4 expertise.


As discussed in the RAN1’s liaison reply to RAN2, there are three issues that need further discussion:
1. The RSRP criterion is a linear average RSRP of a subset of SSBs, where the subset of SSBs can be determined based on:
a) Determination based on an absolute RSRP threshold;
b) Based on the SSB subset in configuration.
2. How the RSRP change thresholds are configured, where the following options have been identified:
a) RSRP change threshold configured at cell level;
b) RSRP change thresholds configured per set of SSBs; or
c) RSRP change threshold configured per CG PUSCH configuration.
3. Additional TA validation criterions to address the potential issue associated with accuracy of TA validation from absolute RSRP.
To better motivate the discussion regarding these issues, we introduce an illustrative example obtained from the cell deployment depicted in Figure 2.
[image: ]
[bookmark: _Ref71315141]Figure 2: 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 noted example shows the UE movement in the x and y axes, respectively.
Regarding issue 1 (i.e. the determination of the subset of SSBs to be used in the linear averaging of RSRP), we note that this selection can be either done based on an absolute RSRP threshold (option 1.a)) or based on SSB subset indicated via configuration (option 1.b)). However it is important to note that the TA validation should be performed only using the given set of SSBs as defined by either criteria. If instead the UE selects a different set of SSBs at the time it performs the TA validation as compared to the set of SSBs used to generate the reference RSRP (e.g. if the TA validation is done using the Cell-level RSRP), then the TA validation check will most likely output erroneous results as we show next.
We start by analysing the suitability of option 1.a), as defined above, where the UE selects a subset of SSBs based on an absolute RSRP threshold configured by the network. This is the same procedure done when computing the Cell-level RSRP, where the UE applies an absolute RSRP threshold to select the subset of SSBs to be used for beam consolidation (i.e. the linear averaging of the RSRPs measured from each SSB in the subset).
[image: ]
[bookmark: _Ref71640558]Figure 3: TA validation example where the cell level RSRP is used to perform the TA validation. The TA validity range is calculated assuming a SCS of 120 kHz and that the TA tolerated misalignment is 10% of the OFDM symbol’s CP. The RSRP thresholds are selected with the aim of containing the cell level RSRP variations that could be observed within the range where the TA is valid for the UE
We depict in Figure 3, an example where TA validation based on Cell-level RSRP variation is applied while the UE moves according with the movement depicted in Figure 2. Where at time instance T1 the UE has acquired a valid TA (e.g. from a TA command) and records the reference RSRP obtained from the Cell-level RSRP. At T2, where the UE is still within the range where the TA is valid, the UE performs the TA validation based on the variation of the observed Cell RSRP between time instants T1 and T2, which outputs that the UE still has a valid TA. At time instance T3, where the UE is now outside the range where the TA is not valid, the UE again performs the TA validation based on the variation of the observed Cell RSRP, which outputs that the UE still has a valid TA, which is incorrect. This will lead the UE, at T3, to proceed with the CG-SDT transmission which in turn will result in system performance degradation due to the TA applied in the UE’s transmission being invalid.
The main reason why the Cell-level RSRP is not suitable for TA validation is due to the UE selecting for the beam consolidation the strongest SSBs (i.e. SSBs with the strongest RSRP) at its current position. The consequence, as shown in Figure 3, is that the variation of the Cell-level RSRP is not strictly decreasing and in some cases can even increase as the UE moves away from the cell centre. This later aspect breaks the TA validation based on the variation of the RSRP, since the expectation of this approach is that when the UE moves closer to the cell centre the RSRP increases, while if the UE moves away from the cell centre the RSRP decreases, but this is not the behaviour observed with Cell-level RSRP in a multi-beam cell deployment.
[bookmark: _Hlk71658206]Observation 1: Cell-level RSRP is not suitable for RSRP based TA validation in multi-beam cells, because the observed RSRP variation does not necessarily increase as the UE moves closer to the cell centre nor necessarily decreases when the UE moves away from the cell centre. 
Proposal 3: RAN1 to agree that Cell-level RSRP is not suitable for RSRP based TA validation in a multi-beam cell deployment.
Proposal 4: RAN 1 to agree that the same subset of SSBs should be used for TA validation for obtaining the reference RSRP and the subsequent RSRP measurements to monitor the RSRP variation.
Now we consider the case where the same subset of SSBs is used during the TA validation (i.e. the subset of SSBs used to obtain the reference RSRP is the same that is used to monitor the RSRP variation) and where this subset of SSBs is determined by the UE based on an absolute RSRP threshold indicated by the network (i.e. the UE includes a SSB in the subset if the SSB’s observed RSRP is equal or above the absolute RSRP threshold).
We consider this case in a new example in Figure 4, where we depict the same UE movement but where the TA validation is made based on the linear average RSRP of the SSB subset composed by SSBs 5 and 12 (i.e. the UE determined that these two SSBs were the only ones equal or above the absolute RSRP threshold). In this example, even though the set of SSBs identified upon the UE acquiring the TA validation is the same as the ones used for the RSRP based TA validation, the output of the RSRP based validation still fails at time instant T3. The reason being due to the SSBs, determined to be in the subset by the UE based on the absolute RSRP threshold, not having common characteristics such as the same distance towards the serving cell TRP. In other words, as the UE moves away from the serving cell TRP the SSB 12’s RSRP decreases, while the SSB 5’s RSRP increases, which leads to a similar behaviour as the one observed to the Cell-based RSRP, where the linear averaged RSRP variation is not strictly decreasing as the UE moves farther away from the cell centre.
[image: ]
[bookmark: _Ref71325436]Figure 4: TA validation example where the SSB 5 and 12 are used to perform the TA validation. The TA validity range is calculated assuming a SCS of 120 kHz and that the TA tolerated misalignment is 10% of the OFDM symbol’s CP. The RSRP thresholds are selected based on containing the average of the subset (SSB 5 and 12) RSRP variation within the range the TA is valid, where this SSB subset was derived by the UE based on the absolute RSRP threshold.
[bookmark: _Hlk71658214]Observation 2: The determination at UE of the subset of SSBs to be used for TA validation based on absolute RSRP threshold does not guarantee that the set of selected SSBs avoids the behaviour where the averaged RSRP does not necessarily increase as the UE moves closer to the cell centre nor necessarily decreases when the UE moves away from the cell centre.
Proposal 5: RAN1 to agree that absolute RSRP threshold based determination of the subset of SSBs is not suitable for RSRP based TA validation in a multi-beam cell deployment.
[bookmark: _Hlk71325466]Now analysing the suitability of option 1.b), where the SSB subset used for TA validation is indicated via configuration. In this option the network selects which SSBs should be included in the subset, which in the following example is assumed to be the serving cell’s inner SSBs (i.e. the SSBs which the projection of their coverage in the ground is nearer to the cell centre). In Figure 5, we depict the same UE movement but where the TA validation is made based on the linear average RSRP of the inner set of SSBs. In this example, the UE moves outside the range where the TA is valid and at time instant T3 performs the TA validation, based on the observed linear averaged RSRP of the inner set of SSBs, and the result is that the TA validation now correctly identifies that the UE no longer has a valid TA. The reason why the TA validation mechanism is now successful at time instant T3, is due to the SSBs selected by the network to be in the TA validation subset being the ones covering the UE at time instant T1 (when the UE acquired a valid TA). So, when the UE moves farther away from the cell centre, then the averaged RSRP of this subset of SSBs will be strictly decreasing and therefore by proper dimensioning the RSRP variation thresholds (i.e. the increasing and decreasing thresholds) it becomes possible for the UE to correctly determine if the TA is still valid. 
[image: ]
[bookmark: _Ref71323383]Figure 5: TA validation example where the set of inner SSBs RSRP is used to perform the TA validation. The TA validity range is calculated assuming a SCS of 120 kHz and that the TA tolerated misalignment is 10% of the OFDM symbol’s CP. The RSRP thresholds are selected based on containing the subset of inner SSBs RSRP variation within the range the TA is valid. 
In conclusion in regards to issue 1, the subset of SSBs used for RSRP based TA validation should be selected based on the set of SSBs covering the location of the UE when the UE acquires a valid TA. 
[bookmark: _Hlk71658221]Observation 3: The network should select the subset of SSBs for RSRP based TA validation based on the set of SSBs covering the location of the UE when the UE acquires a valid TA.
Proposal 6: RAN1 to agree that the RSRP for the TA validation should be based on the linear average of a set of configured SSBs and these can be provided as part of the CG-SDT configuration.
[image: ]
[bookmark: _Ref71326961]Figure 6: The TA validity range is calculated assuming a SCS of 120 kHz and that the TA tolerated misalignment is 10% of the OFDM symbol’s CP. The RSRP thresholds are selected based on containing the inner or outer SSB set RSRP variation within the range the TA is valid. 
Regarding issue 2 (i.e. how the RSRP change thresholds are configured), we depict a motivation example in Figure 6, where at time instance Tx the UE acquires a valid TA and obtains a reference RSRP based on the subset of inner SSBs ( as per network configuration, i.e. option 1.b) as discussed above). While at time instance Ty the UE acquires again a valid TA (e.g. it receives a new TA command) and selects the outer SSB set for its future RSRP based TA validation.).
The RSRP change thresholds applied at time instance Tx are encompassed in interval 1, while the RSRP change thresholds applied at Ty are encompassed in interval 2. We note that the magnitude of these intervals should be related to the subset of SSBs used for the TA validation. More specifically, in Figure 6, the two RSRP intervals are selected based on containing the inner or outer SSB set RSRP variation within the range the TA is valid, respectively. This indicates that the RSRP change thresholds should be configured based on the expected variation of the linear averaged RSRP associated with the configured SSB subset.
For further motivation, consider that if the interval 1 is applied in Ty then the RSRP criteria will always be fulfilled so the TA will always be deemed as valid. If instead interval 2 is applied at Ty, then the same issue no longer occurs. While, if the interval 2 is applied at Tx, then the range where the TA is deemed as valid will be reduced, and therefore the UE will be blocked from using CG-SDT even though it still has a valid TA. In conclusion, this example clearly shows that for the RSRP based TA validation output to be reliable then the RSRP thresholds need to be selected at the SSB subset level.
Error! No sequence specified.Proposal 7: The configuration of the RSRP change thresholds for RSRP based TA validation per subset of SSBs should be supported.
Finally, regarding issue 3 (i.e. additional TA validation criterions to address the potential issue associated with accuracy of TA validation from absolute RSRP) we refer to the example depicted in Figure 6 for the outer SSB set. More specifically, at time instance Ty where the UE acquires a valid TA and applies the RSRP thresholds associated with the outer SSB set. Due to the slow RSRP variation then the selected thresholds need to be selected to permit a very small RSRP variation, however this might not be possible in practice due to the RSRP measurement error.
[bookmark: _Hlk71658232]Observation 4: The RSRP change thresholds should be such that these are above the RSRP measurement error.
In conclusion, in certain locations in the cell the RSRP based TA validation might not be suitable, and alternative TA validation methods might be required, such as:
· 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.
[bookmark: _Hlk71658237]Proposal 8: Study additional TA validation methods in order to supplement the case when the RSRP based TA validation is not suitable. 
PUSCH repetition with SDT-CG-PUSCH
RAN1#104 had the following FFS point that RAN1#104bis did not conclude on:
· 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.
[bookmark: _Hlk71658258]Observation 5: When SDT-CG-PUSCH configuration is associated to an SSB, there is no additional SSB mapping complication when repetitions are allowed.
Proposal 9: 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. 
Hence, it is important that there is a testable RAN4 requirement ensuring that the UE is able to direct its transmit beam to the direction from which it is receiving its best SSB when it is in RRC_INACTIVE. For the time being our understanding is that such requirement in RAN4 only apply to RRC_CONNECTED, and if not extended to RRC_INACTIVE the UE Tx beam could point to a different direction than where the SSB is received from, and the whole SDT-CG-PUSCH transmission is lost. Hence we think it would be important to trigger this to RAN4.
[bookmark: _Hlk71658298]Observation 6: The UE in RRC_INACTIVE needs to support beam correspondence for the SDT-CG-PUSCH resource to SSB relation to be useful.
Proposal 10: Send an LS to RAN4 requesting the beam correspondence requirements to be applied to RRC_INACTIVE
Conclusion
In this contribution the following observations and proposals with regard to the RAN1 Aspects for NR small data transmissions in INACTIVE state on a number of different aspects are made:
On CG resource association with SSB
Proposal 1: The specific changes to the CG configuration to support the additional SSB-to-PUSCH mapping should be left to RAN2 to discuss, after the SSB-to-PUSCH mapping rule has been defined in RAN1.
Proposal 2: SSB-to-PUSCH resource mapping is in relation to a RO associated with the SSB (e.g. based on a time and frequency offset in relation to the RO).
On TA validity within and across SSBs
Observation 1: Cell-level RSRP is not suitable for RSRP based TA validation in multi-beam cells, because the observed RSRP variation does not necessarily increase as the UE moves closer to the cell centre nor necessarily decreases when the UE moves away from the cell centre. 
Proposal 3: RAN1 to agree that Cell-level RSRP is not suitable for RSRP based TA validation in a multi-beam cell deployment.
Proposal 4: RAN1 to agree that the same subset of SSBs should be used for TA validation for obtaining the reference RSRP and the subsequent RSRP measurements to monitor the RSRP variation.
Observation 2: The determination at UE of the subset of SSBs to be used for TA validation based on absolute RSRP threshold does not guarantee that the set of selected SSBs avoids the behaviour where the averaged RSRP does not necessarily increase as the UE moves closer to the cell centre nor necessarily decreases when the UE moves away from the cell centre.
Proposal 5: RAN1 to agree that absolute RSRP threshold based determination of the subset of SSBs is not suitable for RSRP based TA validation in a multi-beam cell deployment.
Observation 3: The network should select the subset of SSBs for RSRP based TA validation based on the set of SSBs covering the location of the UE when the UE acquires a valid TA.
Proposal 6: RAN1 to agree that the RSRP for the TA validation should be based on the linear average of a set of configured SSBs and these can be provided as part of the CG-SDT configuration.
Error! No sequence specified.Proposal 7: The configuration of the RSRP change thresholds for RSRP based TA validation per subset of SSBs should be supported.
Observation 4: The RSRP change thresholds should be such that these are above the RSRP measurement error.
Proposal 8: Study additional TA validation methods in order to supplement the case when the RSRP based TA validation is not suitable. 
On PUSCH repetition with SDT-CG-PUSCH
Observation 5: When SDT-CG-PUSCH configuration is associated to an SSB, there is no additional SSB mapping complication when repetitions are allowed.
Proposal 9: Allow using PUSCH repetition with SDT-CG-PUSCH. No spec changes needed.
On beam correspondence in RRC_Inactive
Observation 6: The UE in RRC_INACTIVE needs to support beam correspondence for the SDT-CG-PUSCH resource to SSB relation to be useful.
Proposal 10: Send an LS to RAN4 requesting the beam correspondence requirements to be applied to RRC_INACTIVE
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