
Page 1

3GPP TSG RAN WG1 #107-e																			R1-2111473
e-Meeting, November 11th – 19th, 2021

Source: 	Intel Corporation
Title:	Discussion on physical layer aspects of small data transmission
Agenda item:	5.2
Document for:	Discussion and Decision
[bookmark: _Ref506539118]Introduction
At the RAN1#106-e meeting, the following agreements and conclusions were made for CG-SDT [1].  
Agreement
Multi-layer PUSCH transmission is not supported for CG-SDT.
Agreement
When SSB set indication is absent, UE assumes the SSB set includes all actually transmitted SSBs configured by SIB1.
Agreement
· RAN1 confirms that common PUCCH resources (i.e. those that are shared with non-SDT UEs) can also be used for HARQ-ACK feedback for Msg4 /MsgB and subsequent SDT transmissions.
· RAN1 thinks there is no need for any other PUCCH resources than common PUCCH resources shared with non-SDT UEs.
Agreement
BFD/BFR procedure is not required for SDT in Rel-17.
· FFS: whether or not to support reporting the beam change to gNB.
Agreement
For CG-SDT, the UE can assume the PDCCH carrying the DCI has the same DM-RS antenna port quasi co-location properties as for a SSB associated to the CG PUSCH transmission e.g. for detection of retransmission DCI in response to a CG PUSCH transmission.
Conclusion
No need to define UL/DL pattern type of validation rule specific for paired spectrum at least for non-RedCap UEs.
· FFS the case for RedCap UEs
Conclusion
It is RAN1’s common understanding that dynamic grant based retransmission has already been supported.
Conclusion
RA-SDT resource cannot be configured on non-initial BWP.
Conclusion
From RAN1’s perspective, there is no other L1 configuration for RA-SDT and CG-SDT to support subsequent data transmission.
Agreement
The pathloss for CG-SDT PUSCH power control can be determined by the measurement of selected SSB associated with the CG PUSCH.
Conclusion
· RAN1 cannot reach a consensus on whether to confirm RAN2 agreement that CG-SDT resource can be configured on separate SDT BWP.
· Capture the following in the LS: the concern is on the necessity.
Conclusion
· RAN1 cannot reach consensus on reusing CG-DFI mechanism for CG-SDT for operation in licensed band. 
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}
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.
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
In the contribution, we present our views on remaining issue for physical layer aspects of small data transmission. 
Discussion on remaining issues for CG-SDT
Mapping between SSB and CG-PUSCH resource
For CG-SDT, association between CG resource and SSB is needed for proper multi-beam operation. At the RAN1#106b-e meeting, it was agreed that mapping ratio of SSB to CG PUSCH is configured per CG configuration. In addition, it was agreed to support at least {1, 2, 4, 8, 16} for the candidate value set of SSB to CG PUSCH mapping ratio. It is for further study whether to restrict the same value for all CG configuration and/or allow different value for different CG configurations [1].  Note that for the mapping ratio of SSB to CG PUSCH, when N < 1, each SSB index is mapped to 1/N consecutive valid CG PUSCH resources. If N 1, each valid CG PUSCH resource is associated with all the N SSB index. 
In our view, it may not be desirable to additionally support one to many mapping between SSB to CG-PUSCH resource, where one SSB is associated with multiple CG-PUSCH resources. Given the fact that CG-PUSCH configuration is configured in RRC release message and is UE specific, transmission of CG-PUSCH would be contention free. In this case, it may not be necessary to allow UE to randomly select one CG-PUSCH resource among the configured CG-PUSCH resources associated with a single SSB. Hence, in our view, association of multiple CG-PUSCHs with a single SSB may not be needed for CG-SDT operation. 
Further, given that different CG-PUSCH configurations may be targeted for different use cases, it may be more desirable to configure different mapping ratios for different CG-PUSCH configurations, which can provide good flexibility on the mapping between SSB and CG-PUSCH resource. Note that for a CG-PUSCH configuration, gNB may configure different number of DMRS resources, periodicity or amount of REs allocated for a CG-PUSCH resource. The same design principle can also apply for the mapping ratio between SSB and CG-PUSCH resource. For instance, a larger value of mapping ratio may be configured for a CG-PUSCH configuration so as to reduce latency for CG-PUSCH transmission. 
Proposal 1
· For the mapping ratio of SSB to CG PUSCH resource
· Different mapping ratios can be configured for different CG configurations.
· Do not support mapping ratio < 1. 

Note that if only one DMRS resource is configured for a CG-PUSCH configuration, multiple CG-PUSCH resources are multiplexed in a TDM manner. For CG-SDT operation, after UE selects an appropriate SSB and determines the CG-PUSCH resource for data transmission according to the mapping between SSB and CG-PUSCH resource, UE may need to wait for a few CG-PUSCH periods to send the uplink data. This may not be desirable in terms of latency, especially considering that typically CG-SDT operation would be limited to a short period of time. 
To further reduce the latency for CG-SDT operation, it is more beneficial to support multiple CG-PUSCH occasions in a CG-PUSCH period for a CG-PUSCH configuration. Similar to MsgA PUSCH configuration as defined for 2-step RACH, multiple CG-PUSCH occasions can be multiplexed in TDM and FDM manner. Figure 1 illustrates one example of multiple CG-PUSCH occasions in a CG-PUSCH period. 
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[bookmark: _Ref82853869]Figure 1. Multiple CG-PUSCH occasions in a CG-PUSCH period
Proposal 2
· Multiple PUSCH occasions in a CG-PUSCH period are supported for a CG-PUSCH configuration. 

To improve the coverage for PUSCH transmission during CG-SDT, repetition can be supported for CG-PUSCH transmission, which is similar to what was defined for CG-PUSCH configuration in Rel-15/16. Further, for CG-SDT operation, the repetitions are considered as a bundle of transmission occasions that are mapped to a same SSB.
One issue as brought up during the discussion was that when one of the CG-PUSCH repetitions is dropped due to invalidation rule, the number of repetitions for different CG-PUSCH resources for a CG-PUSCH configuration may be different, which would lead to unbalanced coverage performance for different CG-PUSCH transmissions. In our view, even with different number of repetitions associated with different SSBs, CG-PUSCH coverage performance can still be improved. In case of decoding failure of initial CG-PUSCH transmission, gNB may schedule the retransmission of CG-PUSCH to ensure the performance. Hence, special handling of the CG-PUSCH repetitions for CG-SDT operation is not needed. 
Proposal 3
· Repetition of CG-PUSCH is supported. 
· The repetitions are considered as a bundle of transmission occasions that are mapped to a same SSB. 

Tx beam for PUCCH
At the RAN1#106b-e meeting, it was agreed that UE can assume the PDCCH carrying the DCI has the same DM-RS antenna port quasi co-location properties as for a SSB associated to the CG PUSCH transmission e.g., for detection of retransmission DCI in response to a CG PUSCH transmission [1]. 
For subsequent DL data transmission during CG-SDT, certain mechanisms may need to be defined to determine the Tx beam of PUCCH carrying HARQ-ACK response of the corresponding PDSCH. Following similar design principle as defined for 2-step RACH, during CG-SDT, UE transmits PUCCH carrying HARQ-ACK feedback in response to a PDSCH with a same spatial domain transmission filter in a same active UL BWP as a last PUSCH transmission.
Proposal 4
· For CG-SDT, UE transmits the PUCCH carrying HARQ-ACK feedback in response to a PDSCH with a same spatial domain transmission filter as a last PUSCH transmission.


[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on remaining issue for physical layer aspects of small data transmission. Further, we summarize the proposals as follows:
Proposal 1
· For the mapping ratio of SSB to CG PUSCH resource
· Different mapping ratios can be configured for different CG configurations.
· Do not support mapping ratio < 1. 
Proposal 2
· Multiple PUSCH occasions in a CG-PUSCH period are supported for a CG-PUSCH configuration. 
Proposal 3
· Repetition of CG-PUSCH is supported. 
· The repetitions are considered as a bundle of transmission occasions that are mapped to a same SSB. 
Proposal 4
· For CG-SDT, UE transmits the PUCCH carrying HARQ-ACK feedback in response to a PDSCH with a same spatial domain transmission filter as a last PUSCH transmission.
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