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1	Introduction
This contribution includes discussions on small data transmissions from UEs in RRC inactive state, and the issues addressed in this paper were mainly triggered by the LSs from RAN2 on 
· SSB to CG PUSCH mapping,
· TA validation for CG based SDT.
2	Discussions
2.1 SSB to CG PUSCH mapping
In RAN1 #104-e meeting, we have met following conclusion which has been sent to RAN2 in a reply LS [2] to LS [1].
	· 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.



One remaining issue is how to do the SSB to CG PUSCH mapping in CG based SDT. In our view, the 2 options in the conclusion are not mutual exclusive. To minize the working effort in RAN1, the mapping rules used for SSB to RO mapping can be reused by SSB to CG PUSCH mapping, as indicated in option 1. 
When multiple CG PUSCH configurations are configured, to reduce the resource overhead per CG PUSCH configuration, it might be beneficial to mapping different subset of SSBs to the different CG PUSCH configurations. So, whether different set of SSBs should be configured per CG PUSCH configuration can be further discussed when multiple CG PUSCH configurations are configured.
[bookmark: _Ref68171222][bookmark: _Ref68171229][bookmark: _Ref68171236][bookmark: _Ref68171249][bookmark: _Toc68624322]Option 1 is used for the mapping between SSB to CG PUSCH.
[bookmark: _Toc68624323]Further discuss whether different subset of SSBs should be mapped to different CG PUSCH configurations.
2.2 TA validation during CG based SDT
In LTE Rel-16, the feature Pre-configured Uplink Resources (PUR) was introduced for LTE-M and NB-IoT. In PUR, similar to Rel-17 CG-SDT, PUSCH resources are preconfigured periodically in RRC_IDLE for a UE to transmit periodic reports etc. For PUR, three Timing alignment validation criterias were introduced, which (if configured) the UE must fulfill to be allowed to transmit in the configured PUR occasions:
· The UE has not changed serving cell.
· pur-TimeAlignmentTimer is running as confirmed by lower layers (optionally configurable).
· Since the last TA validation or since PUR configuration, the serving cell (N)RSRP has not increased by more than increaseThresh, nor decreased by more than decreaseThresh (optionally configurable).
The pur-TimeAlignmentTimer is, unlike the legacy timer in RRC_CONNECTED mode, not directly connected to how long the network can be expected to have be uplink synchronized and the current UE speed and conditions, but more of a fail-safe mechanism for the PUR configuration.
For CG SDT in NR, a set of relevant agreements have been met in RAN2, where a similar timer TAT-SDT is agreed to be configured for TA validation. Furthermore, RSRP change related threshold needs to be defined as well. 
	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


This section discusses both RSRP based and TDOA based TA validation during CG based SDT in NR according to the LS [3] from RAN2.
[bookmark: _2.2.1_RSRP_change]2.2.1 TA validation based on RSRP and TAT
Unlike LTE, transmissions on different resources may be associated to different narrow beams in NR, and it is also being discussed on how to support the SSB to CG PUSCH mapping as described in section 2.1. As is illustrated in Figure 1, when a UE, at time , is at the edge of one SSB beam (beam x), the RSRP () measured based on SSB x may be quite low, while the RSRP () measured based on SSB x some time ago (e.g. the time when latest TAC was received), at time , may be quite high. Although the RSRP change () is quite large, the TA doesn’t change that much since UE is moving around the basestation.
[image: ]
Figure 1: RSRP is changing while TA is not changing in NR
So the RSRP change based on single SSB may not reflect whether TA is changing in NR.
[bookmark: Observation][bookmark: _Ref68171294]RSRP change based on single SSB may not reflect whether TA is changing in NR.
In order to solve the issue observed above, the RSRP change should not be based on single SSB index, and to improved the TA validation accuracy, multiple SSBs may be required to be measured and averaged to derive the RSRP change. The multiple SSBs can be determined based on a configured absolute RSRP threshold.
As an example illustraged in Figure 2, the SSBs (SSB0 and SSB1) meeting the absolute RSRP requirement, when the TAC was received, can be measured to derive an average RSRP, and the SSBs (SSB2 and SSB3) meeting the absolute RSRP requirement, when TA validation is performed for current CG PUSCH transmission, can be measured to derive another average RSRP. The difference between these 2 averaged RSRP values compared to an RSRP change threshold defined for current CG PUSCH configuration can be used to determine whether TA is valid or not.
[image: ]
Figure 2: multiple-SSB based RSRP for TA validation
According to the discussions above, we have following proposal.
[bookmark: _Toc68624324]Use RSRP measurement on a set of SSBs per CG PUSCH configuration to derive an RSRP change for TA validation in CG based SDT, and the set of SSBs can be determined based on an absolute RSRP criterial with an absolute RSRP threshold configured for TA validation.
In NR, some of the SSB beams may be wider (e.g. beam width of 30 degrees), and some of the SSB beams may be narrower (e.g. beam width of 10 degrees). The beam contains Pw dB or Z% of the power compared to the total power within the beamwidth e.g.Pw = -3dB. The beamwidth is one of the beam characteristics.
For the subset of SSBs with wider beams, a shorter TAT may be preferred as the RSRP for this wider SSB beam may not change that much (compared to same movement in narrow SSB beams) meaning that the RSRP variation criteria may be not enough if the TAT duration is too long and there could also be a lot of UEs selecting that SSB since it’s wider which requires more stringent TA requirement to avoid interference when the load is high. Otherwise if a relatively long TAT is used, the TA validation method may result in incorrect or less reliable outcome resulting in UE transmitting the SDT using an invalid TA value. 
For the subset of SSBs with narrower beams, a longer TAT can be allowed since the SSB beam switching happens more frequently among those narrow beams (RSRP is also easy to change which can also be able to invalidate the TA within the long duration of TAT) and there will be not that many UEs selecting those beams as they are restricted to be within the area covered by those narrow beams.
According to above, the RSRP variation threshold and TAT configurations should be able to be configured differently for different subset of SSBs with different beam width. And here different subset of SSBs can be, as an example, for different CG PUSCH configuations.
[bookmark: _Toc68422012][bookmark: _Toc68446866][bookmark: _Toc68421980][bookmark: _Toc68422013][bookmark: _Toc68446867][bookmark: _Toc68421981][bookmark: _Toc68422014][bookmark: _Toc68446868][bookmark: _Toc68421982][bookmark: _Toc68422015][bookmark: _Toc68446869][bookmark: _Toc68421983][bookmark: _Toc68422016][bookmark: _Toc68446870][bookmark: _Toc68421984][bookmark: _Toc68422017][bookmark: _Toc68446871][bookmark: _Toc68421985][bookmark: _Toc68422018][bookmark: _Toc68446872][bookmark: _Toc68421986][bookmark: _Toc68422019][bookmark: _Toc68446873][bookmark: _Toc68421987][bookmark: _Toc68422020][bookmark: _Toc68446874][bookmark: _Toc68624325]Different RSRP variation thresholds and TAT configuations can be configured for different sets of SSBs with different beam width which can be e.g. in different CG PUSCH configuations.
2.2.2 TA validation based on TDOA
On top of the TA validation based on RSRP change and TAT, TA validation can also be based on the received time difference. By applying both RSRP based validation and received timing difference based validation, the TA validation becomes more reliable which is especially important in FR2 scenarios where multiple beam resources can be configured. In this case, the received downlink beam timings are compared to a threshold (similar to RSRP based method) and TA can be considered valid when the beam timing has not changed significantly.
As an example illustrated in Figure 3, UE determines received downlink timing () of the strongest beam () at time  which corresponds to time when UE receives latest TAC from network, followed by that UE determines received downlink timing () of the strongest beam () at time  which corresponds to time when UE receives latest SSB selected for CG PUSCH transmission. Then the difference between and  is the TDOA used for TA validation.
[image: ]
Figure 3: TDOA based TA validation
Compared to RSRP change based TA validation, this timing difference (TDOA) based TA validation is more reliable, since TDOA (based on first detected path) better reflects actual change in propagation delay than RSRP and absolute RSRP accuracy is very large (section 10.1.2/10.1.3 in TS 38.133). Furthermore, TDOA based TA validation may be less complex and more power efficient as it’s based on the timing detection of downlink reference signals. Power efficient is crucial for the UE which are going to apply SDT in practice, examples of such devices can be wearables, sensors etc. By applying TA validation based on received beam timing change, the UE does not have to perform dedicated RSRP measurements of all the beams configured for SDT, which makes the process both faster and power efficient. 
We see an advantage in configuring the UE with both methods (RSRP based and TDOA based) for validating the TA. The main advantage is that it it makes the TA validation more reliable as it takes into account whether UE has performed any beam changes and also the direction of the movement (e.g. if UE is moving towards or away from the gNB or moving in a circular fashion). Another option is to configure the UE with both methods and selecting one based on the mobility conditions, e.g. based on whether or not it has performed any beam change. Since TDOA based TA validation is expected to be more accurate, it can be used within a beam while RSRP can be used when beam change has been performed.
According to above, we have following proposal.
[bookmark: _Toc68624326]On top of the TA validation based on RSRP change, support TDOA based crieterial for TA validation in CG based SDT.
Conclusion
Based on the discussion in the previous sections we have following observations and proposals:
Observation 1	RSRP change based on single SSB may not reflect whether TA is changing in NR.

Proposal 1	Option 1 is used for the mapping between SSB to CG PUSCH.
Proposal 2	Further discuss whether different subset of SSBs should be mapped to different CG PUSCH configurations.
Proposal 3	Use RSRP measurement on a set of SSBs per CG PUSCH configuration to derive an RSRP change for TA validation in CG based SDT, and the set of SSBs can be determined based on an absolute RSRP criterial with an absolute RSRP threshold configured for TA validation.
Proposal 4	Different RSRP variation thresholds and TAT configuations can be configured for different sets of SSBs with different beam width which can be e.g. in different CG PUSCH configuations.
Proposal 5	On top of the TA validation based on RSRP change, support TDOA based crieterial for TA validation in CG based SDT.
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