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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.” 
RAN1#104 is received the LS the WID mentions, sent from November RAN2#112e [2], and responded to that in [3], and also indicated that further updates will be coming.
RAN1#104e-bis is further receiving an LS from RAN2#113e [4].
RAN1#105 sent another LS to RAN2 with the agreements made in that meeting [5].
RAN1#106 received further response from RAN2 in [8].
Discussion
Configuration of association between the type 1 CG resource(s) for CG-SDT and SSB(s)
RAN1#105 made the following agreement wrt. the CG-PUSCH configuration [5]:
	Agreement:
· The SSB-to-PUSCH resource mapping within the CG configuration is implicitly defined.
· The ordering of the SSB and CG PUSCH resources are to be captured in RAN1 spec.
· A PUSCH resource refers to a transmission occasion and a DMRS resource used for PUSCH transmission
· The ordering of the SSB can reuse from the SSB-to-RO mapping
· The ordering of CG PUSCH resources can reuse from that of MsgA PUSCH as much as possible
· FFS determination of mapping ratio and association period, e.g., explicitly signaled or implicitly derived
· FFS any limitation on the combination of the parameters for CG resources



A more detailed mapping definitions are still needed for the SDT-CG-PUSCH resource configuration. The following is defined for SSB-to-RO mapping in TS38.213
	

A UE is provided a numberof SS/PBCH blocks associated with one PRACH occasion and a number  of contention based preambles per SS/PBCH block per valid PRACH occasion by ssb-perRACH-OccasionAndCB-PreamblesPerSSB. 
· 


If , one SS/PBCH block is mapped to  consecutive valid PRACH occasions and  contention based preambles with consecutive indexes associated with the SS/PBCH block per valid PRACH occasion start from preamble index 0. 
· 






If , contention based preambles with consecutive indexes associated with SS/PBCH block , , per valid PRACH occasion start from preamble index  where  is provided by totalNumberOfRA-Preambles and is an integer multiple of . 



For the SDT-CG-PUSCH mapping we can derive the same rules when we assume N≥1, the number of SDT-CG-PUSCH resources is an integer multiple of N.
Proposal 1: Adopt the following rule for mapping the SDT-CG-PUSCH resources to SS/PBCH blocks:
· UE is provided with K SDT-CG-PUSCH resources, that map to the N SS/PBCH blocks 0,…,N-1 provided in the cell, where n=N/K
· The first SDT-CG-PUSCH is mapped to SS/PBCH blocks {0,…floor (n-1)}, 
· The second SDT-CG-PUSCH is mapped to SS/PBCH blocks {floor (n),…,floor (2n-1)},
· The third SDT-CG-PUSCH is mapped to SS/PBCH blocks {floor (2n),…, floor (3n-1)},
· And so on until all the K SSBs are mapped to one SDT-CG-PUSCH resource each.

PUSCH repetition with SDT
RAN1#105 deferred the PUSCH repetition proposal to the next meeting [6]:
	Updated Proposal 4.2: (defer to the next meeting)
· Working assumption: Support multiple DMRS resources per CG configurations when single layer PUSCH transmission is assumed, and each DMRS resource could be mapped to the same or different SSB(s).
· Working assumption: If repetition is configured for CG-SDT, the repetitions are considered as a bundle of transmission occasions that are mapped to the same SSB(s).



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 1: 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.
Multiple DMRS resources per SDT-CG-PUSCH configuration
RAN1#105 deferred the multiple DMRS resource configuration per CG-configuration to the next meeting [6]:
	Updated Proposal 4.2: (defer to the next meeting)
· Working assumption: Support multiple DMRS resources per CG configurations when single layer PUSCH transmission is assumed, and each DMRS resource could be mapped to the same or different SSB(s).
· Working assumption: If repetition is configured for CG-SDT, the repetitions are considered as a bundle of transmission occasions that are mapped to the same SSB(s).



There is no obvious reason for the DMRS based separation of the SSB, when the identification can be done (when needed) based on the CG configurations themselves. If the gNB wishes to use DMRS as a separation, then it can configure two otherwise identical CG-PUSCH resources mapping to the two SSBs, but apply a different DMRS-UplinkConfig for the two resources.
Observation 2: The DMRS resource based SSB identification can be achieved by configuring the same CG-PUSCH resources for the SSBs with different DMRS-UplinkConfig. No additional specification rules for SSB-to-DMRS mapping is needed to achieve this.
Proposal 3: Do not specify redundant mechanism for mapping different DMRS-UplinkConfig on one CG-PUSCH configuration e.g. for SSB identification purposes
TA validity within and across SSBs
RAN1#105 made the following agreement wrt. the TA validation [5]:
	Agreement:
· The SSB subset for RSRP based TA validation is determined at least based on a configured absolute RSRP threshold.
· FFS the SSB subset which could be
· within a set of SSBs configured per CG configuration
· or within a set of SSBs configured for all CG configurations
· or within a set of all SSBs actually transmitted as indicated in SIB1.
· or highest N SSBs that are measured to derive the subset for a UE across all CG configurations


The discussion presented in this section is supported by the observations from two deployment scenarios, which are depicted in Figure 1. The reason to introduce two deployment scenarios is to motivate the need to select a TA validation procedure based on RSRP variation that is applicable to all scenarios and not optimized to a particular deployment.
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[bookmark: _Ref77240489]Figure 1: Heatmap showing the strongest SS-RSRP measured at a x and y point, for: (a) a cell deployment with ISD = 200 m and 14 SSBs, where the TRP transmits the SSBs with 40 dBm; and (b) a cell deployment following the evaluation scenario defined in [7] for FR2 evaluations, with a ISD = 200 m and 32 SSBs, where the TRP transmits the SSBs with 40 dBm.
In the deployment scenario depicted in Figure 1(a), it can be observed that in most of the cell coverage the SS-RSRP of the strongest SSB is uniform or with very slow decay. While, in the deployment scenario depicted in Figure 1(b), it can be observed that the SS-RSRP of the strongest SSB decays rapidly with the distance from the cell center. This difference in SS-RSRP decay can be further seen in Figure 2, where it is depicted the measured SS-RSRP and consolidated SS-RSRP (with N=3 and N=1) for a UE moving along the x axis with y = 25 for the deployments provided in Figure 1.
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[bookmark: _Ref77241801]Figure 2: Measured SS-RSRP and consolidated SS-RSRP (with N=3 and N=1) at a UE moving along the x axis with y = 25 in the deployments (a) and (b) in Figure 1 (respectively).
According with the agreement in RAN1#105, the “SSB subset for RSRP based TA validation is determined at least based on a configured absolute RSRP threshold”. However, if an absolute RSRP threshold is applied to determine that SSB subset, then the actual number of determined SSBs will depend on the configured absolute RSRP threshold and where in the cell the UE is. For example, if the absolute RSRP threshold was set to -45 dBs, then in the deployment in Figure 3(a) either SSB 11 or SSB 4 would be determined to be in the SSB subset depending on the UE position. While in the deployment in Figure 3(b), if the UE was farther than 70 m from the cell centre, then no SSB would be eligible to be considered in the SSB subset. Therefore, the definition of a single absolute RSRP threshold might lead to no SSB being eligible to be part of the TA validation subset.
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[bookmark: _Ref77247516]Figure 3: Applying a -45 dB absolute RSRP threshold to determine which SSBs would be in the TA validation subset.
[bookmark: _Hlk79144330]Observation 3: A single absolute RSRP threshold might lead to no SSB being eligible to be part of the TA validation subset.
To address this issue, the network can:
a) Define multiple RSRP thresholds;
b) The RSRP threshold is based on the strongest SSBs
From these two solutions, we believe that the solution b) is the simplest to implement at the UE side.
Proposal 4: The RSRP threshold is based on strongest SSBs
Now we consider the case on whether the UE should retain the same subset of SSBs 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) or if it can instead reselect the subset during the TA validation (i.e. the subset of SSBs used to obtain the reference RSRP can differ from the one used to monitor the RSRP variation).
The effect of non-retention of the same subset of SSBs is equivalent to using consolidated SS-RSRP as depicted in Figure 3. In the case of the deployment depicted in Figure 3(b), the variation of the consolidated SS-RSRP (with either N=1 or 3) follows a constant decay with increasing distance from the cell centre, which is the expected behaviour when using a RSRP based metric for TA validation. However, in the case of the deployment depicted in Figure 3(a), the consolidated SS-RSRP no longer decays with increasing distance from the cell centre; making the consolidated SS-RSRP unsuitable to be used for TA validation.
Proposal 5: 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.
Conclusion
In this contribution the following observations and proposals related to the RAN1 Aspects for NR small data transmissions in INACTIVE state on a number of different aspects are made:
Proposal 1: Adopt the following rule for mapping the SDT-CG-PUSCH resources to SS/PBCH blocks:
· UE is provided with K SDT-CG-PUSCH resources, that map to the N SS/PBCH blocks 0,…,N-1 provided in the cell, where n=N/K
· The first SDT-CG-PUSCH is mapped to SS/PBCH blocks {0,…floor (n-1)}, 
· The second SDT-CG-PUSCH is mapped to SS/PBCH blocks {floor (n),…,floor (2n-1)},
· The third SDT-CG-PUSCH is mapped to SS/PBCH blocks {floor (2n),…, floor (3n-1)},
· And so on until all the K SSBs are mapped to one SDT-CG-PUSCH resource each.

Observation 1: 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.
Observation 2: The DMRS resource based SSB identification can be achieved by configuring the same CG-PUSCH resources for the SSBs with different DMRS-UplinkConfig. No additional specification rules for SSB-to-DMRS mapping is needed to achieve this.
Proposal 3: Do not specify redundant mechanism for mapping different DMRS-UplinkConfig on one CG-PUSCH configuration e.g. for SSB identification purposes
Observation 3: A single absolute RSRP threshold might lead to no SSB being eligible to be part of the TA validation subset.
Proposal 4: The RSRP threshold is based on strongest SSBs
Proposal 5: 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.
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