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IntroductionAgreement:
· 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
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

In RAN1#105-e meeting [1], the RAN1 aspects on SDT was discussed and following conclusion/agreement are made:
In addition, the latest RAN2 LS on the progress on SDT is also received. Several requests are made as following:
In this contribution, we will further discusses the aspects on CG-PUSCH configuration, SSB-PUSCH mapping for the resource determinations as well as the new requests from RAN2.For RA-SDT (for both 2-step RA and 4-step RA), in particular, RAN2 would like to request RAN1 to provide configuration parameters for the PRACH resource configuration when PRACH occasions are shared between SDT and non-SDT and when PRACH occasions are separately configured for SDT and non-SDT. 
For CG-SDT, RAN2 respectfully requests RAN1 if the agreements 3/4 mentioned above can be confirmed and provides feedback on whether there is any issue with the assumption of reusing the existing L1 mechanism for agreement 5.

Discussion
In last meeting, RAN1 agrees that the associated SSB sets for one CG-PUSCH is explicitly signalled, which means the configured SSBs could be only part of the SSBs in the system. By which, it still leaves some issues to finalize the resource determination for SDT in inactive state. 
SSB sets determination
The SSB sets determination for a CG-PUSCH should be straightforward in case of the information is signalled in the configuration, e.g., RRC release messages. However, if such indication is absent in the configuration, then the SSB sets associated with this given CG-PUSCH may not be clear to UE. There could be several options:
1. Associating to all the indicated SSB in the SIB1
2. Determine the SSB according to the sequential order of CG-PUSCH configuration lists
The first option is clear, if the indication is absent, then the CG-PUSCH will be configured to all SSBs indicated by SIB1. While the second option will use sequential order of SSB in SIB1 and the CG-PUSCH configuration(s) to do one-to-one association, e.g., there are 4 CG-PUSCH configuration, and SSB 0~7 are indicated in SIB1, then 
SSB0 -> first CG-PUSCH configuration, 
SSB1 -> second CG-PUSCH configuration, 
SSB2 -> third CG-PUSCH configuration,
SSB3 -> forth CG-PUSCH configuration.
Proposal 1: in case of the SSB set indication is absent, the UE determines the SSB(s) associated with the CG-PUSCH by one of the following
1. Associating to all the indicated SSB in the SIB1
2. Determine the SSB according to the sequential order of CG-PUSCH configuration lists

SSB subset
As discussed in last meeting, there is one aspect for SSB subset, which is the constraint of the subset determination: 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
Given the situation, that when UE initiates the SDT, UE is in RRC inactive state and the location of the UE might be changed comparing to the time UE switches to RRC inactive. Thus gNB cannot hold the accurate information on which SSB the UE prefers. Then the reasonable choice is to allow UE to monitor the SSBs from all SSBs actually transmitted as indicated in SIB1.  
Proposal 2: SSB subset is determined from all SSBs actually transmitted as indicated in SIB1.  

The handling of the case that the selected SSB is not in the indicated SSB by configuration is discussed in section 2.3.

SSB-PUSCH mapping details
For the CG-SDT as described by RAN2, the PUSCH resource (CG type1) will be configured in RRC release messages, which contains the SSB-PUSCH association as well. The purpose of such association is similar to what RAN1 has designed for SSB-RO association, which is for beam operation. More specifically, such association will allow gNB to identify the preferred DL Tx beam by UE thus gNB can feedback in the following DL transmission with the preferred beam after receiving the CG-PUSCH sent by UE. Thus, following the same logic, the PUSCH configuration information includes the CG-PUSCH periodicity, time/frequency domain size (e.g., TDRA and FDRA). Besides, we can introduce the new parameter to configure the number of PUSCH transmission occasion (PO) in one CG-PUSCH period; or re-interpret the number of repetitions configured, e.g., Type A repetition, for the same purpose. As shown in following figure, SDT-PUSCH periodicity =5ms, and if no repetition, each period have one PO but if the repetition number configured as 2, UE can interpret that each SDT-PUSCH period has 2 POs. 
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Fig. 1 – interpretation of repetition number as the number of PO in one SDT-PUSCH period.
Proposal 3: Configure the number of PUSCH transmission occasion (PO) in one CG-PUSCH period by new parameter or re-interpret the number of repetitions configured.
In current Type1 CG configuration, the PO in F-domain is only one, whether to introduce multiple PO in F-domain could be further discussed. 
Following the above discussion, then the configured PO pattern can be determined, as well as the timeReferenceSFN can tell when to start. The next step is to do validation. Unlike the normal type 1 CG PUSCH transmission, in which the PUSCH transmission will be dropped once the PO is collided with DL parts. Since the CG-SDT is happened before/without UE accessed the system, it is necessary to rule out the invalid PO before the association, unless there could be a SSB (always) associated with it but the UE cannot actually make the transmission. In addition, the valid PO is the PO in UL part in a slot, or at least Ngap symbols after the end of the DL part in a slot or after the end of the SSB in a slot. 
Proposal 4: the valid PO is the PO in UL part in a slot, or at least Ngap symbols after the end of the DL part in a slot or after the end of the SSB in a slot. 
In any case, there could be a chance that for one CG-PUSCH, it will associate with multiple SSBs. Given the purpose of associating the SSBs to CG-PUSCH in CG-SDT is to allow UE to report the preferred DL beam (e.g., SSB) to gNB so that the further proceeding could be operated, it is necessary to be clear with the mapping details within one CG-PUSCH. In case of multiple SSBs, it could be similar to 2step RACH that a SSB-PUSCH mapping ratio could be obtained, via signalling from gNB instead of calculating, or only calculating based on the SSB number and PUSCH occasions in one CG-PUSCH configuration period in case of the SSB-PUSCH mapping ratio is absent. 
Proposal 5: the SSB-PUSCH mapping ratio is signalled to UE and if it’s absent, UE will calculate it based on the SSB number and PUSCH resource number in one CG-PUSCH resource period.
Handle of non-indicated but selected SSB  
With determined CG-PUSCH resource, and SSB to PUSCH mapping, UE could initiate the CG-SDT transmission when the conditions are satisfied. However, there is one problem that if the selected SSB by UE (based on the latest DL measurement) is not within the indicated SSB set, meaning UE may not directly find the corresponding/associated PUSCH resource to transmit. This could due to the gNB mistakenly estimates the movement of UE thus configured the wrong SSBs or gNB has difficulty to assign enough PUSCH resource for all the possible SSBs. Then, UE may have difficulty to decide how to proceed. There are a few options:
1. Switch to RA-SDT; by doing this, UE could regard this case is an unqualified condition for initiate CG-SDT, thus, UE switch to do RA-SDT.
2. Only selects the best SSB among the indicated SSB sets; by doing this, it limits the choice of UE to select the proper SSB. It may ensure the UE could have resource to transmit, but it could lead UE not picking the best DL beam or even unqualified the beam. 
Proposal 6: if the selected SSB by UE is not within the indicated/determined SSB set, UE switch to RA-SDT.

RACH configuration for RA-SDT
In case of RA-SDT, the UE will initiate the normal RACH procedure if the RA-SDT condition is satisfied. Thus the RACH resource for RA-SDT could be very similar to what normal RACH procedure need, especially for the case that the SDT and non-SDT are using separate RACH occasions. There might be some small issues needs to be taken care for the case when SDT and non-SDT are using shared RO, i.e., subset sharing and the preamble indication. 
Because the 2step RACH has been introduced already in Rel-16, the design of subset sharing and preamble indication should consider the impact of both 4step RACH and 2step RACH if they are using shared RO as well. 
Subset sharing RO indication
We think it’s reasonable to also share only subset of the RO corresponding to one SSB to SDT, in order to give the configuration flexibility to gNB according to the actual situation. Thus, a PRACH mask index could be introduced for subset RO sharing for SDT purpose. 
Proposal 7: a PRACH mask index is supported for subset RO sharing for SDT purpose.

Preamble indication 
Based on the RO sharing situation, there could be different need for preamble indication design.
· Case 1: if SDT RO and 2step RACH RO is not overlapped, then only number of preamble for SDT in one RO is needed, the starting positioning could be from end of 4step RACH preamble;
· Case 2: if SDT RO and 2step RACH RO is overlapped, then both starting position and number of preambles for SDT is needed. This is because 2step RACH is an optional feature, thus an UE might not support 2step RACH but support SDT. Then such UE needs to be clear on what preamble could be used. Thus, there could be two ways:
· Explicit configuration of preamble starting positioning and preamble number of SDT in one RO for one SSB;
· Explicit configuration of preamble number of SDT in one RO for one SSB, and the starting position of these preambles are the end of the total preambles for one SSB in one RO, as shown in the following figure, the preamble is actually counting from end to front for one RO for one SSB.
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Figure 2 – illustration of SDT preamble in case of shared RO
Proposal 8: only number of preamble for SDT in one RO for a SSB is necessary to be indicated. These preambles are counting from the end of the total preambles for one SSB in one RO.

Aspects for CG-SDT
	Agreement:
For RA-SDT
1. CFRA is not supported for RA-SDT

For CG-SDT
1. Working assumption: UE-specific search space is configured for UEs performing CG-SDT. RAN2 asks RAN1 whether this working assumption can be confirmed
1. CG-SDT resource can be configured on either initial BWP or separate SDT BWP. Ask RAN1 to confirm
1. RAN2 thinks that some feedback may be beneficial in case CG is used for subsequent transmission.  RAN2 assumes that existing mechanism can be used.



For agreement 2, the UE specific search space is feasible to be configured to UE performing CG-SDT, however, it may not be necessary one. 
For agreement 3, the idea of separate SDT BWP might create issues for SSB-RO, SSB-PUSCH, e.g., if the BWP of SDT needs to have SSB, and how it will be handled if there is no SSB? Will this SSB need to align with the pattern in initial access BWP. To our understanding, when UE is in RRC INACTIVE state, it’s mostly natural to have the SDT performed in initial BWP.
For agreement 4, it is feasible and beneficial to having the feedback from gNB for better resource utilization. 
Proposal 9: agreement 2 and 4 can be confirmed, but agreement 3 is not confirmed.
Conclusion
This contribution discusses Physical layer aspects for SDT. Observations and proposals are summarized as follows: 
 Proposal 1: in case of the SSB set indication is absent, the UE determines the SSB(s) associated with the CG-PUSCH by one of the following
1. Associating to all the indicated SSB in the SIB1
2. Determine the SSB according to the sequential order of CG-PUSCH configuration lists
Proposal 2: SSB subset is determined from all SSBs actually transmitted as indicated in SIB1.  
Proposal 3: Configure the number of PUSCH transmission occasion (PO) in one CG-PUSCH period by new parameter or re-interpret the number of repetitions configured.
Proposal 4: the valid PO is the PO in UL part in a slot, or at least Ngap symbols after the end of the DL part in a slot or after the end of the SSB in a slot. 
Proposal 5: the SSB-PUSCH mapping ratio is signalled to UE and if it’s absent, UE will calculate it based on the SSB number and PUSCH resource number in one CG-PUSCH resource.
Proposal 6: if the selected SSB by UE is not within the indicated/determined SSB set, UE switch to RA-SDT.
Proposal 7: a PRACH mask index is supported for subset RO sharing for SDT purpose.
Proposal 8: only number of preamble for SDT in one RO for a SSB is necessary to be indicated. These preambles are counting from the end of the total preambles for one SSB in one RO.
Proposal 9: agreement 2 and 4 can be confirmed, but agreement 3 is not confirmed.
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