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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK16][bookmark: OLE_LINK15]RAN2 sent an LS on physical layer aspects of small data transmission to RAN1[1], and some agreement have been achieved in RAN1 in 104-e meeting for RA-SDT and CG-SDT [2] for the LS from RAN2 last meeting[3]. 
	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. 
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. 

In addition, RAN1 discussed the association between the SSB and CG resources for CG-SDT, and the following conclusions have been made.
· 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.

In this contribution, we will share our views on the RAN1 related aspects for the input requested by RAN2.
 Discussion
 Mapping between SSB and CG resources
As discussed in the last RAN1 meeting, two feasible solutions have been considered for the mapping rules of SSB and CG resources. 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. For both alternatives, how to configure the SSB set(s) and select the resources for the association, the mapping ratio and the association period between CG resources and SSBs or how to associate the CG resources per CG configuration with a set of SSB(s) need to be discussed. 
SSB(s) configuration and selection 
[bookmark: _GoBack]As discussed in the last meeting, one or multiple SSBs can be associated with each CG configuration for CG-SDT. Considering CG-SDT is mainly used for stationary or low mobility UE, it is beneficial to configure a limited number of SSBs to reduce reserved resource overhead, the complexity of mapping and UE implementation. The SSB set could be a subset of all the actually transmitted SSBs and to be configured by the RRC Release message. If configured, the UE can randomly select an SSB from the subset and use the associated CG resource for the SDT. If the SSB set is not configured, all the actually transmitted SSBs can be selected and taken into account for the association. 
Proposal 1: For CG-SDT, support to optionally configure a subset of SSB by RRC Release message.

Association between SSB and CG resource 
The following two options were considered in the last RAN1 meeting.
· Opt. 1: Define the SSB-to-CG-PUSCH mapping rule
· Opt. 2: CG resources per CG configuration are associated with a set of SSB(s) by explicit signalling.
For opt. 1, it is natural to reuse the similar mapping rule between SSB and RACH occasions. However, there are still some differences between the RACH occasion and CG occasion which may lead to additional specification efforts even if the mapping rule is reused.
1) Configuration period and association period
The configuration period of PRACH resources is in the unit of frame and the value is limited to {1,2,4,8,16}, while that for CG resources is in the unit of symbol or slot with more candidate values. There would be too many combinations between the periodicity of SSB and the periodicity of CG resource. The association pattern would be quite complicated if the same rule to implicitly determine the association period and association pattern period between SSB and RO is reused for SSB to CG resource mapping. Another possibility is to explicitly configure the association period by gNB, in this case the gNB has to guarantee that the configured values are appropriate as otherwise there might be many wasted resources that are not mapped to any SSB.
2) Number of time-frequency resources in a period.
For RACH configuration, there could be multiple TDMed ROs and FDMed ROs in a configuration period. While for CG configuration, there is only one transmission occasion in a period unless a number of repetitions is configured. And if multiple repetition is configured, how to handle the mapping between the SSBs and repetitions should be further investigated, e.g. whether the multiple repetitions should be considered as a bundle of one transmission occasion or not.
3) Code domain resources
For each RACH occasion, there are multiple preambles which can be associated with the same or different SSB individually. While for each CG configuration, there are no CDMed resources configured in one CG occasion for the CG configuration based on Rel-15/16. Therefore, further discussion is needed whether or not to support the case for multiple SSBs mapped to one CG occasion, and if supported, the CG configuration should be also enhanced to support multiple DMRS ports per CG configuration in Rel-17. 
Opt. 2 is much simpler in terms of RAN1 impact, since the SSBs are mapped to CG configuration rather than CG occasions. The SSB set for each CG configuration can be explicitly included in the RRC message. The main issue for opt. 2 is that gNB’s blind detection may be increased since UE may select any SSB and any CG transmission occasion. It can be left to gNB implementation, by reducing the number of SSBs associated to a CG configuration.
Proposal 2: Considering the RAN1 specification effort, it is preferable to associate the CG resources per CG configuration with a set of SSB(s) by explicit signalling.
 
 TA validation
TA validation and PUSCH validation for CG-SDT was mentioned in the last meeting but not fully discussed. Wherein TA validation mechanism for SDT based on RSRP change was suggested to introduce from the perspective of RAN2 considering UE mobility. Actually from RAN1 perspective, we share the similar view as RAN2. In PUR, serving cell RSRP is used to judge TA validation. However, multiple beams are introduced in NR. Hence we may need to consider beam specific RSRP instead of serving cell RSRP for CG-SDT. Considering the narrow beam may be used in some scenarios, the beamforming lobe is narrow accordingly. If SS-RSRP is used directly, the TA validation may be changed frequently even though the UE movement is quite small. Therefore, it is better that the TA validation is based on the network configuration whether or not RSRP is used as criterion. If the threshold for RSRP judgement is not configured, the default case is that the TA is always valid, which may be used for some scenarios that the RSRP is not accurate enough or beamforming lobe is narrow. 
If TA validation based on RSRP is configured by the network, the RSRP of the DL pathloss reference is used for TA validation. When the RSRP variation of the DL pathloss reference does not exceed the increaseThresh and decreaseThreh if TA is running or when TA is not configured, TA is considered as valid.
Proposal 3: 
· For CG-SDT, it is beneficial to introduce TA validation mechanism based on RSRP variation. 
· The RSRP of the DL pathloss reference can be used for TA validation. 
Proposal 4:
· It is up to network configuration whether or not to enable the TA validation mechanism.
· If not configured, the TA is always considered as valid.
 BWP
In the last meeting, which BWP shall be used for RA-SDT and CG-SDT has been briefly discussed. For RA-SDT, according to the current agreement from RAN2, RRC release message is sent at the end of subsequent data transmission. There is no RRC release message or other message before the end of data transmission, which means that only initial BWP could be used for RA-SDT. However, there might be more discussions in RAN2, e.g. some additional configurations might be introduced considering SA3 requirement. If so, RRC message will be transmitted to UE. It means that some dedicated configurations may be configured, such as non-initial BWP. Hence, for RA-SDT, which BWP is used may wait for RAN2 agreement.
For CG-SDT, the BWP associated with CG-SDT resources (either initial BWP or non-initial BWP) is being discussed in RAN2. If non-initial BWP is used to configured CG resource, e.g. for TDD in order to avoid BWP retuning, PDCCH configuration with common CORESET and common search space should be configured in the paired DL BWP to receive SI and paging. The similar configuration should be considered for RA-SDT as well, if non-initial BWP is configured.
Proposal 5: If non-initial BWP is configured, common CORESET and common search space should be configured in the paired DL BWP in order to receive SI and paging.

Conclusion
In this contribution, we have discussed the RAN2 LS on CAPC in NR-U. Based on this, the following proposal is provided:
[bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0995]Proposal 1: For CG-SDT, support to optionally configure a subset of SSB by RRC Release message.
Proposal 2: Considering the RAN1 specification effort, it is preferable to associate the CG resources per CG configuration with a set of SSB(s) by explicit signalling.
Proposal 3: 
· For CG-SDT, it is beneficial to introduce TA validation mechanism based on RSRP variation. 
· The RSRP of the DL pathloss reference can be used for TA validation. 
Proposal 4:
· It is up to network configuration whether or not to enable the TA validation mechanism.
· If not configured, the TA is always considered as valid.
Proposal 5: If non-initial BWP is configured with CG resource for CG-SDT, common CORESET and common search space should be configured in the paired DL BWP in order to receive SI and paging.
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