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Introduction
Small data transmission (SDT) in RRC_INACTIVE state has been discussed in RAN2, and the related LS on physical layer aspects has been sent to RAN1. During RAN1#107-e meeting, the following agreements were achieved and the related reply LS has been sent to RAN2.
	Agreement
· UE specific power control parameters P0 and alpha should be configured for initial UL transmission for CG-SDT
· Existing closed loop power control mechanism can be reused for re-transmission and subsequent data transmission.
· For RA-SDT power control parameters preambleReceivedTargetPower and powerRampingStep:
· For separate ROs, the power control parameters can be RA-SDT specific

Agreement
Separate common search space that can be configured for RA-SDT within the initial DL BWP can also be configured for CG-SDT.

Conclusion
No need to restrict the same value of mapping ratio for all CG configurations.

Conclusion
RAN1 cannot reach consensus on whether to support multiple CG occasions per CG period
· Note that the CG PUSCH with multiple DMRS is considered as one CG occasion.

Conclusion
During subsequent data transmission, no need to explicitly report beam to gNB.

Conclusion
RA-SDT and CG-SDT can be supported for RedCap UEs without considering specific optimization for Redcap, at least when RedCap UE share both the initial DL BWP and initial UL BWP with non-RedCap UEs.




Besides, RAN1 received an incoming LS from RAN2, which includes the following questions [1]:
	RAN2 thanks RAN1 for the LS in R2-2200073. Based on the agreements in RAN1, RAN2 agreed the following: 

	=>	RAN2 confirms that SDT will be configured only on initial BWP and there is no L1 ACK feedback for CG-SDT.  



For the above agreement, RAN2 would like RAN1 to confirm that the separate BWP in case of REDCAP can still be considered as the initial BWP and SDT resources can hence be configured on this BWP for REDCAP UEs. 

With regards to the RAN1 question whether there is any restriction on the candidate values of CG period, RAN2 agreed that there is no restriction from RAN2 perspective. 
2.2	Actions
To RAN1
ACTION: 	RAN2 respectfully asks RAN1 to take the above information into account for their specification work and to answer the following question: 
Question to RAN1: RAN2 would like RAN1 to confirm that the separate BWP in case of REDCAP may still be considered as the initial BWP and SDT resources can hence be configured on this BWP for REDCAP UEs.




In this contribution, we further discuss the remaining issues on physical layer aspects of small data transmission, including the mapping ratio between SSB and CG PUSCH resources, the determination of valid PO, SDT resources configuration on separate initial BWP for Redcap UEs and repetition of CG-SDT.

Discussion
Mapping ratio between SSB and CG PUSCH resources
In Rel-16, in order to obtain the best downlink transmission beam during the initial access procedure, there is a mapping relationship between the SSBs in the SSB burst and the ROs which is a unit of time and frequency domain resources for preamble transmission. For the mapping relationship between the SSBs and the ROs, both 1-to-N and N-to-1 can be applied, where N is a positive integer. If N-to-1 is configured, the SSBs can be distinguished by the different preambles. Besides, N-to-1 is used for the scenario where the SSB period is short and the number of SSBs is more than the number of ROs in the association period; 1-to-N is just opposite. Based on above, a fine beam direction can be implicitly reported to the gNB through the selected RO and/or preamble. For the CG-SDT, there is also a problem of beam selection for the subsequent data transmission. To solve this problem, a straightforward way is just reuse the similar mapping relationship mentioned above for CG-SDT.

For the mapping relationship between SSB and CG PUSCH resources, both N-to-1 and 1-to-N can also be applied. N-to-1 means that multiple SSBs are associated with a PUSCH transmission occasion (PO), and the SSBs can be distinguished by different DMRS resources (including different DMRS ports and different DMRS sequences). 1-to-N means that 1 SSB is associated with multiple POs, which can be applied to the case of long SSBs period and more POs in an association period.  

In addition, for both the mapping ratios of 1-to-N and N-to-1 between SSBs and ROs of CBRA, there may be multiple (more than one) preambles associated with one SSB, which aims to increase the probability of RACH success and reduce resource selection conflicts among multiple UEs. However, for CG-SDT, the configured PUSCH resources are dedicated for a single UE, and there is no resources sharing between different UEs. Therefore, it isn’t necessary to associate multiple DMRS resource to a single SSB, which will increase the complexity of gNB’s blind detection. The one-to-one mapping relationship between the SSB and the DMRS resource in a definite PO is enough. 


Proposal 1: Support 1-to-N mapping ratio between SSBs and POs.

Proposal 2: Support only 1-to-1 mapping ratio between the SSB and the DMRS resource in a definite PO. 

The determination of valid POs
For Type-A HD-FDD Redcap UEs 
As discussed in AI8.6.1.3, if TDD ROs validation rules are used for HD-FDD, different SSB-to-RO mappings between FD-FDD UE and HD-FDD UE will be maintained, which will increase the gNB’s complexity for PRACH detection. Besides, dedicated PRACH resources for HD-FDD UEs are also needed. Therefore, sharing the same RO validation rules between FD-HDD UEs and HD-FDD UEs is the best choice with minimum spec impact, i.e., all PRACH occasion are valid for both FD-HDD UEs and HD-FDD UEs, which has been already agreed in AI8.6.1.3, as shown below.  
	Agreement
Confirm this Working Assumption.
· For Type-A HD-FDD UEs, all ROs applicable to RedCap UEs are valid, and for the case of SSB overlapping with valid RO from cell specific point of view, leave it to UE implementation whether to receive SSB or transmit PRACH
· No support of differentiating of ROs for Type-A HD-FDD Redcap UEs and FD FDD RedCap UEs 
Agreement
Confirm this Working Assumption.
· For Case 8 of valid RO overlapping with PDCCH in Type 0/0A/1/2 CSS set, leave it to UE implementation whether to receive configured PDCCH or transmit PRACH


As for the valid PUSCH resources determination of HD-FDD UEs, we can’t see any difference between it and the determination of valid ROs. Thus, we recommend using RO validation rules for the PO as well.


Proposal 3: For the PUSCH occasion validation for HD-FDD Redcap UEs, reuse the same rules as ROs discussed in AI.8.6.1.3. 

Overlapping with msgA PUSCH occasions
Considering that there may be small data transmitted by one UE and msgA PUSCH transmitted by another UE in the overlapping PUSCH resources, it is necessary to discuss whether/how to handle this kind of collision. Both the uplink small data and the msgA PUSCH may not be decoded correctly if resource conflicts occurs, which is spectrum and energy inefficient. So, the best choice is to introduce a handling rule for conflicts between MsgA PUSCH and SDT PUSCH. Since CG-SDT PUSCH resources are configured for one UE by dedicated signaling, the collision can’t be recognized by other UEs with 2-step RACH. So, the collision handling rule can only be that the UE configured with the CG-SDT deems the overlapping PO as an invalid PO. In addition, this rule can only be applied for Rel-17 UEs with the optional feature of 2-step RACH who are able to identify the configured resources for msgA PUSCH. 


Proposal 4：For UEs with 2-step RACH feature, the CG-SDT POs are invalid if they are overlapping with msgA PUSCH resources.

SDT resources configuration on separate initial uplink BWP for Redcap UEs
For RA-SDT
Up to 1 separate initial uplink BWP can be configured for Redcap UEs for the sake of traffic offloading and the flexibility configuration by gNB, considering that the initial UL BWP may be larger than Redcap’s UE bandwidth. Thus, one issue need to be discussed for SDT is whether RA-SDT resources can be configured on the separate initial uplink BWP. In RAN1 Redcap WI, there is a consensus that if the separate initial UL BWP is configured for Redcap UEs, the RACH procedure must occur in the separate initial UL BWP. Thus, the RA-SDT resources must be configured on the separate uplink BWP if RA-SDT is supported for Redcap UEs in this case. 


Proposal 5: If SDT is supported for Redcap UEs with separate initial uplink BWP, RA-SDT resources must be configured on this separate BWP.

Besides, there are following agreements achieved in RAN1 Redcap WI regarding RACH occasions configured in the case of separate initial UL BWP configured for Redcap UEs. 
	Agreement
Confirm the following working assumption from RAN1#105-e regarding RACH occasions.
· For enabling/supporting that the RACH occasion (RO) associated with the best SSB falls within the RedCap UE bandwidth, support separate initial UL BWP for RedCap UEs (which is not expected to exceed the maximum RedCap UE bandwidth), and this separate initial UL BWP for RedCap includes ROs for RedCap UEs.
Note: these ROs can be dedicated for RedCap UEs or shared with non-RedCap UEs.



From the agreement mentioned above, two cases of the relationship between the initial UL BWP for Redcap UEs and for non-Redcap UEs can be obtained, as illustrated in Figure 1. One case is the initial UL BWP for Redcap UEs is overlapped with non-Redcap UEs, and ROs are shared between these two types of UEs. In this case, the PRACH resources partitioning between SDT and non-SDT, Redcap and non-Redcap just follows the same design for the case of Redcap UE and non-Redcap UE sharing the same initial uplink BWP. Another case is the initial UL BWP for Redcap UEs is not overlapped with non-Redcap UEs, and separate ROs are configured for Redcap UEs. In this case, RACH common design discussed in RAN2 should take it into consideration that the PRACH resource partitioning between SDT and non-SDT should be configured on the separate initial uplink BWP for the Redcap UEs if RA-SDT is supported.
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Figure 1 The relationship between the separate initial UL BWP for Redcap UEs and for non-Redcap UEs


Proposal 6: Inform RAN2 to consider the PRACH resources partitioning between SDT and non-SDT on the separate initial uplink BWP for Redcap UEs.

Since the frequency center between the uplink BWP and the corresponding downlink BWP should be aligned, a separate initial downlink BWP will be introduced if the center of the separate initial uplink BWP for Redcap UEs is changed. And, the downlink reception will be occurred in this separate DL BWP during RACH procedure. Thus, the Type 1 CSS can be included in this separate DL BWP which can be used for the PDCCH monitoring for RA-SDT as agreed in RAN2. Under this circumstance, there is one issue need to be considered whether it is necessary to further configure a separate CSS on this separate DL BWP.  


Proposal 7: consider whether to configure a separate CSS on a separate initial downlink BWP for Redcap UEs in TDD bands.

Of course, for the sake of traffic offloading, the separate initial uplink BWP can also be configured for Redcap UEs even if the initial uplink BWP for non-Redcap UEs is no larger than Redcap UEs’ bandwidth. In this case, is it possible to switch to the initial BWP for non-Redcap UEs to transmit the subsequent data of RA-SDT after RACH procedure? We can’t see the necessary to introduce a BWP switch mechanism in the inactive state which will bring some additional spec efforts to RAN1. 


Proposal 8: Don’t support to transmit the subsequent data of RA-SDT on the initial BWP for non-Redcap UEs when separate initial BWP is configured for Redcap UEs.

For CG-SDT
It is no doubt that the CG-SDT resources can only be configured on the separate initial UL BWP for Redcap UEs if the initial UL BWP for non-Redcap UEs is larger than the Redcap UEs’ bandwidth. While, one issue needs to be considered is how to configure the CG-SDT resources if two initial UL BWPs are configured and both of them are less than Redcap UEs’ bandwidth. In this case, we think CG uplink resources and the associated USS can be configured on either the pair of separate initial BWP for Redcap UEs or the pair of initial BWP for non-Redcap UEs, which is beneficial to the flexibility of the gNB’s configuration. But, configuring CG-SDT resources on these two initial BWP simultaneously is not allowed to reduce the complexity of gNB’s blind decoding.


Proposal 9: Support to configure CG-SDT resources on the separate initial UL BWP for Redcap UEs.

Proposal 10: Support to configure CG-SDT resources on either the separate initial BWP or the non-Redcap UE’s initial BWP in the case of both of them no larger than Redcap UE’s bandwidth.

Repetition of CG-SDT
Repetition of CG-SDT can be supported to improve the reliability and enhance the cell coverage in the inactive state. If supported, one issue to be solved is how to determine the transmission occasions for repetitions and how to determine the mapping relationship between these TOs and SSBs. One straight forward way is just as the configuration in the connected state, configuring TOs of N repetitions in one configured period, and taking N TOs as a bundle to associate them with one or more SSBs, as illustrated in Figure 2. Since each TO is associated with one SSB, the number of configured TOs will be increased with the number of SSBs and repetitions, which isn’t a spectrum efficient way. So, we propose to only associate the TO of the first repetition with the SSB to indicated the best DL beam to the gNB, and remaining TOs have no relationship with SSBs, as illustrated in Figure 3 for an example of configuration pattern.
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Figure 2 Mapping relationship between TOs for repetitions and SSBs
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Figure 3 TO configuration pattern proposed for CG-SDT
Proposal 11: Support repetition of CG-SDT.
· Only the TO of the first repetition is associated with the SSB.


[bookmark: _Ref494215420]Conclusion
In this contribution, we discuss the remaining issues in RAN1 to support small data transmission in inactive state. Based on the discussion, our views are summarized as follows.

Proposal 1: Support 1-to-N mapping ratio between SSBs and POs.

Proposal 2: Support only 1-to-1 mapping ratio between the SSB and the DMRS resource in a definite PO.
Proposal 3: For the PUSCH occasion validation for HD-FDD Redcap UEs, reuse the same rules as ROs discussed in AI.8.6.1.3. 
Proposal 4：For UEs with 2-step RACH feature, the CG-SDT POs are invalid if they are overlapping with msgA PUSCH resources.
Proposal 5: If SDT is supported for Redcap UEs with separate initial uplink BWP, RA-SDT resources must be configured on this separate BWP.
Proposal 6: Inform RAN2 to consider the PRACH resources partitioning between SDT and non-SDT on the separate initial uplink BWP for Redcap UEs.
Proposal 7: consider whether to configure a separate CSS on a separate initial downlink BWP for Redcap UEs in TDD bands.
Proposal 8: Don’t support to transmit the subsequent data of RA-SDT on the initial BWP for non-Redcap UEs when separate initial BWP is configured for Redcap UEs.
Proposal 9: Support to configure CG-SDT resources on the separate initial UL BWP for Redcap UEs.
Proposal 10: Support to configure CG-SDT resources on either the separate initial BWP or the non-Redcap UE’s initial BWP in the case of both of them no larger than Redcap UE’s bandwidth.
Proposal 11: Support repetition of CG-SDT.
· Only the TO of the first repetition is associated with the SSB.
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