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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]NR Small Data Enhancements WI [1] for the UEs in RRC_INACTIVE with infrequent data transmission has been started to avoid UE’s unnecessary power consumption and signaling overhead. Until RAN1#106-bis-e, several remaining issues about the RA and CG based SDT shall be discussed in this meeting [2], which is highlighted in yellow as following.
Agreement:
Mapping ratio and association period
· 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}
Validation of PUSCH occasion
· 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
· 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
BFR/BFD procedure
· It’s RAN1’s common understanding that BFD/BFR procedure is not required for SDT in Rel-17.
· FFS: whether or not to support reporting the beam change to gNB.


In this contribution, we further discuss the remaining issues on physical layer aspects of CG-SDT.

On repetition 
The repetition issue has been discussed around several RAN1 meetings. The key concern from one company is, when different SSBs mapped to the CG occasions with different repetitions due to validation, it is unequal for the SSBs [3]. This company also thinks there is no need to support repetition because the RSRP should be larger than a threshold when UE wants to perform CG-SDT. 
Repetition is the key feature of CG and also actually other e.g. DG transmissions in RRC_CONNECTED for high reliability, thus also important and beneficial to guarantee the reliability of CG-SDT transmissions/receptions in RRC_INACTIVE. It is noted that msg3 repetition for UE in RRC_IDLE is also agreeable in Rle-17 with the same motivation. Although different SSBs might be mapped to the CG occasions with different repetitions, there is no negative impact from the ‘inequality’. 
One use case of repetition to improve the receiving performance can be as following. In RRC_INACTIVE, the RSRP threshold for CG-SDT cannot always gurantee the gNB’s receiving performance of CG PUSCH, although it can help to increase it. The RSRP mentioned above is a cell-level RSRP calculated by averaging the RSRP of several SSBs such as SSB0~7, which is not for specific SSB, e.g. SSB1, but the gNB shall probably receive the PUSCH according to the beam of SSB1 if UE chooses the PUSCH occasion associated to SSB1. In this case, the receiving performance can not be guranteed and the repetition can help to improve the receiving performance. 
On the other hand, having restrictions to achieve equal mapping just results in either network configuation restriction or mapping to SSBs with repetititions across different repetitition bundles, which is undesirable due to complicated gNB scheduling or UE implementation. Further, even if the mapping is performed equally, the PUSCH occasion may still be invalidated later due to possible collisions with DL, resulting in the same situation of unequal mapping.   
Proposal 1: The repetition mechanism in CG configuration in licensed band is reused for CG-SDT.

On mapping ratio and association period
It is agreed in RAN1#106-bis-e that mapping ratio of SSB to CG PUSCH is configured per CG configuration, with the remaining issue of whether to restrict the same value for all CG configuration [2]. Different numbers of SSBs are allowed to be mapped to different CG configurations considering the balance of available CG resource and the gNB detection consumption. For example, when UE is covered by SSB0 or SSB1 with higher priority, network can configure SSB0~1 mapped to CG Configuration1 while SSB2~63 mapped to CG Configuration2, and the mapping ratio for CG Configuration1 is set to 1 so that gNB can implement corresponding receive beam for each CG occasion. On the other hand, since the UE is with lower priority to be covered by SSB2~63, to reduce detection consumption, gNB can implement wider receive beam to detect the CG occasions of CG Configuration2. The mapping ratio if CG Configuration2 can be set to 8 as an example, which is shown in Figure 1. 
[bookmark: _GoBack][image: ]
Figure 1. Examples of different CG configurations with different mapping ratio
According to the analysis above, it is not reasonable and not benefit to restrict the same value for all CG configuration. Thus, we have
Proposal 2: Mapping ratio of SSB to CG PUSCH is configured per CG configuration. No restriction on the value across the CG configuration.

1. On Validation of PUSCH occasion
In RAN1#106-bis-e, it is agreed that a CG PUSCH occasion is not valid if it overlaps with any valid PRACH occasion [2]. Although we think the procedure of CG-SDT and RA-SDT are not overlapped so that the CG PUSCH validation rule should not have relationship with PRACH, the agreement is generally reasonable considering the gNB implementation complexity. However, things are different for the MsgA PUSCH. It is up to gNB how to configure the MsgA PUSCH for and CG PUSCH and then how to detect and decode them. For example, the time and frequency resource of MsgA PUSCH occasions can be the same as CG PUSCH occasions, with only different DMRSs. Therefore, whether the MsgA PUSCH and the CG PUSCH are overlapped should be up to gNB. It is not reasonable to consider the CG PUSCH in this case invalid.
Proposal 3: A CG PUSCH occasion is valid if it overlaps with MsgA PUSCH occasion.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: The repetition mechanism in CG configuration in licensed band is reused for CG-SDT.
Proposal 2: Mapping ratio of SSB to CG PUSCH is configured per CG configuration. No restriction on the value across the CG configuration.
Proposal 3: A CG PUSCH occasion is valid if it overlaps with MsgA PUSCH occasion.
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