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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK15][bookmark: OLE_LINK16]In the last meetings, RAN1 has discussed the physical layer issues of small data transmission requested by RAN2 LSs, and some agreements have been achieved for RA-SDT and CG-SDT respectively. 
In this contribution, we discuss the remaining issues on SSB to PUSCH mapping, beam change, CG-SDT in unlicensed band, CSS for CG-SDT and RRC parameters. 
 Discussion
 Mapping between SSB and CG resources
As discussed in previous RAN1 meetings, the general procedure of mapping between SSB and CG resources within the CG configuration has already been defined, there are still some remaining issues, such as SSB to CG PUSCH mapping ratio N<1, restriction on mapping ratio across CG configurations, validation rule, repetitions and multiple CG occasions per CG period.
 Mapping ratio
	Agreement
· Mapping ratio of SSB to CG PUSCH is configured per CG configuration.
· FFS whether to restrict the same value for all CG configuration and/or allow different value for different CG configurations.
· For the candidate value set of SSB to CG PUSCH mapping ratio, support at least {1, 2, 4, 8, 16}
· FFS {1/8,1/4,1/2}



As agreed in previous meeting, the SSB to CG PUSCH mapping procedure is per CG configuration, so it’s natural that the mapping related parameters such as SSB subset, CG resources and mapping ratio are configured per CG configuration. One company suggests to restrict the same value of mapping ratio for all CG configurations, the reason is to ensure the same number of CG PUSCH associated with each SSB to avoid unfairness. However, if a UE is configured with multiple CG configurations, the UE would eventually selects one CG configuration, anyway the actual number of CG PUSCH associated with each SSB for mapping is still the same, there is no need to keep the same behavior for each CG configuration. In addition, even with the same value restriction on mapping ratio, the time and frequency domain CG resource for each CG configuration is still independently configured, the so called unfairness issue can only be avoided if all the parameters in different CG configurations are kept the same, then the multiple CG configurations become meaningless. Therefore, there is no need to restrict the same value of mapping ratio for all CG configurations.
Proposal 1: There is no need to restrict the same value of mapping ratio for all CG configurations. 
It has been discussed in last meeting about the candidate value set of mapping ratio, most companies agree to reuse the candidate value set of SSB to RO mapping, i.e. {1/8,1/4,1/2, 1, 2, 4, 8, 16}. However, some companies mentioned that the value of mapping ratio N<1 cannot bring benefit to CG-SDT, even it would cause resource waste. When mapping ratio N<1, it means one SSB will be mapped to multiple CG PUSCH resources, and UE will randomly select one CG PUSCH among the multiple CG PUSCH resources for SDT transmission. As multiple DMRS resources for each CG occasion are supported, it’s true that some of the DMRS resources may be wasted with N<1. Although gNB could configure appropriate value of mapping ratio, we can also accept to not introduce mapping ratio N<1 for CG-SDT.
Proposal 2: Do not introduce mapping ratio N<1 for CG-SDT.
 Validation rule
	Agreement
A CG PUSCH occasion is not valid if it overlaps with any valid PRACH occasion.
· FFS overlapping between CG PUSCH occasions and MsgA PUSCH occasion



Small data transmission and 2-step RACH are separate features introduced in Rel-17 and Rel-16, so a Rel-17 UE supporting SDT may not support 2-step RACH. It’s not necessary to define validation rule to handle the overlapping between CG PUSCH occasions and MsgA PUSCH occasions, since they are both optional features, and there is no clear priority between these features. Therefore, we suggest to leave it up to UE implementation to handle the overlapping between CG PUSCH occasions and MsgA PUSCH occasions.
Proposal 3: It’s up to UE implementation to handle the overlapping between CG PUSCH occasions and MsgA PUSCH occasions.
 Multiple CG occasions per CG period
In RAN1#106bis-e meeting, multiple CG occasions per CG period is discussed. Some companies support to reinterpret repetitions as number of CG occasions per CG period. Some other companies prefer to reuse the design of multiple MsgA PUSCH occasions, i.e. define the number of TDMed and FDMed PO number, restrict all the POs with the same time and frequency domain resources and define time domain and frequency domain gap for adjacent POs. 
We think there is no need to introduce multiple CG occasions per CG period, it’s different from MsgA PO design, since multiple MsgA PUSCH occasions are intended for all UEs in a cell, so it’s better to have adequate resource pool for UE to do random selection to avoid overlapping. The situation is quite different for CG-SDT, firstly, the CG configuration is UE specific, the CG occasions are intended for single UE, so there is no UE multiplexing issue as in 2-step RACH. Secondly, the value range of CG periodicity is from 2 symbols to 640ms, so if the intention of introducing multiple CG occasions per CG period is to reduce latency, it can be guaranteed by configuring a smaller value of CG period and/or  multiple DMRS resources. Lastly, multiple CG occasions per CG period may introduce large spec impact, it will further impact the agreed mapping order design, so at this late stage of Rel-17, we prefer to not introduce multiple CG occasions per CG period.
Proposal 4: Multiple CG occasions per CG period is not supported.
 Repetitions
	Proposal 2.3:
Down-select among the following three options for the interpretation of PUSCH repetition for CG-SDT:
· Option 1: Re-interpret the configured repetitions as TDMed transmission occasions within a CG period.
· Option 2: The repetitions are considered as a bundle of transmission occasions that are mapped to the same SSB(s), no additional specification rule is needed. 
· Option 3: PUSCH repetition is not supported for CG-SDT. 


The issue of repetitions have been discussed for 3 meetings but there is still no consensus. One company thinks that there is an unfairness issue if some of the repetitions are invalid in some of the CG periods, so they prefer the above Option 1 to reinterpret the repetitions. Other companies prefer Option 2 and think that it’s natural that the actual repetition number associated with each SSB is different, it may result in different coverage level for each SSB, but it’s still beneficial for all SSBs. However, even if the unfairness is an issue, we think it can be guaranteed by gNB configuration if necessary, gNB could anyway configure appropriate number of repetitions and there is no need to add further restriction in addition to current spec.
Proposal 5: For CG-SDT, the repetitions are considered as a bundle of transmission occasions that are mapped to the same SSB(s).
 Beam change
	Agreement
BFD/BFR procedure is not required for SDT in Rel-17.
· FFS: whether or not to support reporting the beam change to gNB.


For SDT, during the initial CCCH transmission, the beam is implicitly reported to gNB by the selected PRACH occasion/CG PUSCH. However, during the subsequent transmission phase, when the UE moves, the transmission beam may need to change. Since the beam measurement result cannot be reported in inactive state, NW will not update the DL transmission beam. So we think it is necessary to support reporting the beam change to gNB. A possible way is to indicate the preferred DL beam by UCI included in PUSCH transmission.
Proposal 6: Consider to report preferred DL beam by UCI included in PUSCH transmission to gNB.
 CG-SDT for unlicensed band
According to work item description in [2], the solutions designed for licensed frequency are reused for the unlicensed frequency if applicable.
	Focus of the WID should be on licensed carriers and the solutions can be reused for NR-U if applicable.


In the WID, it’s mentioned that the work should focus on licensed band and check if it can be reused for unlicensed band. In RAN2, whether CG-SDT is supported for unlicensed band in Rel-17 is being discussed through email discussion. Considering that there is no RAN2 official meeting in October, and there is only 2 meetings left for RAN1 Rel-17, it’s better for RAN1 to consider whether the solutions in licensed band can be reused in unlicensed band in this meeting. 
It can be noticed that, the mapping ratio, SSB set determination and other SDT specific parameters are irrelevant with the licensed band or unlicensed band, these solutions can be directly reused for unlicensed band. In addition, in unlicensed band CG configuration, there are some dedicated RRC parameter configurations, such as time domain resource configuration and channel access configuration, these can also be reused for unlicensed band CG-SDT.
Proposal 7: From RAN1’s perspective, if CG-SDT is supported for unlicensed band, the solutions for mapping can be reused for unlicensed band CG-SDT, and the CG configuration in unlicensed band can also be reused for unlicensed band CG-SDT.
 CSS for CG-SDT
	Agreement
· RAN1 confirms the working assumption in RAN2 that UE-specific search space is configured for UEs performing CG-SDT. This does not exclude the configuration of CSS for UEs performing CG-SDT.
· CORESET for UE performing RA-SDT should be a common CORESET.


As agreed above, UE specific search space is configured for UEs performing CG-SDT. Besides, this does not exclude the configuration of CSS for performing CG-SDT. As we know, for RA-SDT, separate search space can be configured for subsequent transmission. Then if separate search space is configured, when CG-SDT is triggered, we think it is also used for CG-SDT in addition to UE specific search space.
Proposal 8: Separate common search space for RA-SDT can also be used for CG-SDT.
 RRC parameter discussion
 BWP level configuration
For CG-SDT, the CG configuration is UE specifically configured, it’s natural to configure UE specific BWP level configuration for CG-SDT. In current spec, the two IEs BWP-DownlinkDedicated and BWP-UplinkDedicated are used to configure the dedicated (UE specific) parameters of a downlink and uplink BWP respectively, it should be noted that these parameters within the two IE can also be configured in initial BWP. Once CG-SDT is initiated, the UE will simply active the initial BWP. It means that these dedicated configurations may be used. From the perspective of simplicity, there is no necessity to use them for the UE in inactive state. Hence, if the current structure is reused, some restrictions need to be added in the field description, e.g. pucch-Config and beamFailureRecoveryConfig in BWP-UplinkDedicated is not applicable for CG-SDT.
Another simple way is to define a new BWP level configuration to configure CG-SDT resources, e.g. SDT-BWP-DownlinkDedicated and SDT-BWP-UplinkDedicated, in this way only SDT related parameters can be configured in these IEs, including UE specific search space for BWP. It’s up to RAN2 to formulate the details of the IE structure. 
Proposal 9: The following options can be considered for configuration of CG-SDT:
· Option 1: Reuse existing BWP dedicated configuration (i.e. BWP-DownlinkDedicated and BWP-UplinkDedicated) for CG-SDT and clarify in RAN1 which parameters (e.g. pucch-Config, beamFailureRecoveryConfig) are applicable to CONNECTED mode only and should be ignored in CG-SDT operation.
· Option 2: Define/use a new BWP dedicated (i.e. BWP-DownlinkDedicatedSDT and BWP-UplinkDedicatedSDT )configuration for SDT instead of the legacy one. RAN1 needs to identify the parameter list for the new SDT specific BWP dedicated configuration, and ask RAN2 to formulate the details of the IE structure.
 Power control
In RAN2 #115, for power control parameters, the related agreements were as below.
	Agreements 
1. At least the following parameters can be RA-SDT specific. 
· SSB selection related parameters, i.e., rsrp-ThresholdSSB, msgA-RSRP-ThresholdSSB.
· Power control related parameters, i.e., preambleReceivedTargetPower/gA-PreambleReceivedTargetPower, powerRampingStep/msgA-PreamblePowerRampingStep,  msg3-DeltaPreamble/msgA-DeltaPreamble. 


According to RAN2’s agreements, for RA-SDT, power control related parameters are RA-SDT specific. It means that power control parameters can be separately configured for RA-SDT. 
In RAN1 # 106, regarding power control parameters, the following agreements were reached.
	Agreement:
· For RA-SDT in shared ROs and separate ROs with non-SDT, the power control parameters follow those for non-SDT, 
- i.e. preambleReceivedTargetPower and power ramping setting follow those for non-SDT.


According to the agreements above, for RA-SDT, preambleReceivedTargetPower and power ramping setting follow those for non-SDT. It means that RA-SDT will use power control parameters configured for non-SDT, which is not consistent with RAN2’s agreements. We think it is better to keep the unified understanding for  those power control parameters. 
Proposal 10: Align the understanding of RAN1 and RAN2 on power control parameters for RA-SDT.
For CG configuration, the power control parameter p0-PUSCH-Alpha is the index from P0-PUSCH-AlphaSet in PUSCH-PowerControl. If  P0-PUSCH-AlphaSet  is not configured, the power control parameter used for CG PUSCH transmission can not be obtained. 
[image: ]
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Therefore, in order to obtain the power control parameters for CG-SDT, a simple way is to configure P0 and alpha for CG PUSCH power control similar to the power control mechanism in PUR.
Proposal 11: Reuse power control mechanism in PUR, i.e. P0 and alpha should be configured for CG-SDT.
 Beam indication
In Rel-15/16, srs-ResourceIndicator in ConfiguredGrantConfig is used for indicating transmission beam for CG PUSCH. However, for CG-SDT, since the UE moves and NW cannot obtain the beam measurement results in inactive state, this parameter is not applicable to CG-SDT. In addition, according to the current discussion, since the association relationship between SSB and CG PUSCH is defined, it should be similar to PRACH, i.e. it’s up to UE implementation to select transmission beam based on the SSB measurement results.
Proposal 12: srs-ResourceIndicator in ConfiguredGrantConfig is not applicable to CG-SDT.
 Conclusion
In this contribution, we have discussed the remaining issues on the SSB to PUSCH mapping and other SDT issues, and the following proposals are provided:
Proposal 1: There is no need to restrict the same value of mapping ratio for all CG configurations. 
Proposal 2: Do not introduce mapping ratio N<1 for CG-SDT.
Proposal 3: It’s up to UE implementation to handle the overlapping between CG PUSCH occasions and MsgA PUSCH occasions.
Proposal 4: Multiple CG occasions per CG period is not supported.
Proposal 5: For CG-SDT, the repetitions are considered as a bundle of transmission occasions that are mapped to the same SSB(s).
Proposal 6: Consider to report preferred DL beam by UCI included in PUSCH transmission to gNB.
Proposal 7: From RAN1’s perspective, if CG-SDT is supported for unlicensed band, the solutions for mapping can be reused for unlicensed band CG-SDT, and the CG configuration in unlicensed band can also be reused for unlicensed band CG-SDT.
Proposal 8: Separate common search space for RA-SDT can also be used for CG-SDT.
Proposal 9: The following options can be considered for configuration of CG-SDT:
· Option 1: Reuse existing BWP dedicated configuration (i.e. BWP-DownlinkDedicated and BWP-UplinkDedicated) for CG-SDT and clarify in RAN1 which parameters (e.g. pucch-Config, beamFailureRecoveryConfig) are applicable to CONNECTED mode only and should be ignored in CG-SDT operation.
· Option 2: Define/use a new BWP dedicated (i.e. BWP-DownlinkDedicatedSDT and BWP-UplinkDedicatedSDT )configuration for SDT instead of the legacy one. RAN1 needs to identify the parameter list for the new SDT specific BWP dedicated configuration, and ask RAN2 to formulate the details of the IE structure.
[bookmark: _GoBack]Proposal 10: Align the understanding of RAN1 and RAN2 on power control parameters for RA-SDT.
Proposal 11: Reuse power control mechanism in PUR, i.e. P0 and alpha should be configured for CG-SDT.
Proposal 12: srs-ResourceIndicator in ConfiguredGrantConfig is not applicable to CG-SDT.
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