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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In this contribution, we will discuss the potential RAN1 impacts for small data transmission.
2. [bookmark: OLE_LINK6]Discussion 
[bookmark: _Ref47374690][bookmark: OLE_LINK21]During the RAN2#112e meeting, RAN2 sent a LS [1] to RAN1 on the agreements for small data transmission.
	Some relevant agreements:

For RA-SDT

1. For RACH based solutions, upon successful completion of contention resolution, the UE shall monitor the C-RNTI. 

For CG-SDT

2. The configuration of configured grant resource for UE uplink small data transfer is contained in the RRCRelease message.  Configuration is only type 1 CG with no contention resolution procedure for CG. 
3. The configuration of configured grant resource can include one type 1 CG configuration.  
4. The configuration of configured grant resource for UE small data transmission is valid only in the same serving cell.  
5. The UE can use configured grant based small data transfer if at least the following criteria is fulfilled (1) user data is smaller than the data volume threshold; (2) configured grant resource is configured and valid; (3) UE has valid TA.  FFS for the candidate beam criteria.  
6. From RAN2 point of view:  An association between CG resources and SSBs is required for CG-based SDT.  FFS up to RAN1 how the association is configured or provided to the UE.  Send an LS to RAN1 to start the discussion on how the association can be made.   Mention that one option RAN2 considered was explicit configuration with RRC Release message
7. A SS-RSRP threshold is configured for SSB selection. UE selects one of the SSB with SS-RSRP above the threshold and selects the associated CG resource for UL data transmission.

For RA-SDT and CG-SDT

8. When UE is in RRC_INACTIVE, it should be possible to send multiple UL and DL packets as part of the same SDT mechanism and without transitioning to RRC_CONNECTED on dedicated grant.  




For RACH-SDT, RAN2 has agreed that the UE in RRC_INACTIVE should be able to send multiple UL and DL packets as part of the same SDT mechanism. the UE needs to monitor the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT, as shown in the example in Figure xx.


Figure 1. Example of RACH-SDT



Figure 2. Example of CG-SDT

In 38.213 clause 10.1, following monitoring behavior is specified. According to the specification, UE will monitor PDCCH with CRC scrambled by C-RNTI in the Type0/Type1/Type2 CSS after successful completion of the RACH procedure during RA-SDT. 
For PDCCH monitoring for RA-SDT/CG-SDT in CSS, it could be beneficial for power saving due to no frequent monitoring occasions in CSS and no specification change is needed to support PDCCH monitoring in CSS for RA-SDT. 
Observation 1: PDCCH monitoring with CRC scrambled by C-RNTI in CSS for subsequent transmission of RA-SDT can be supported in NR.

The drawbacks for PDCCH monitoring in CSS are limited capacity, less flexibility and potential increased latency. Since CSS may be used for other purposes by gNB, the capacity of CSS for RA-SDT may be limited. gNB can only schedule subsequent transmissions for RA-SDT until there is available CSS, thereby the latency may increase.
To provide more flexibility of gNB scheduling and capacity of PDCCH monitoring, USS can be adopted for RA-SDT. 
In USS, UE can monitor non-fallback DCI which supports more flexible configurations e.g. TDRA. Besides, the USS can much sparser than CSS for power saving considering that C-DRX cannot be configured for INACTIVE.
[bookmark: _Ref61856218]Proposal 1:  If USS is supported for PDCCH monitoring with CRC scrambled by C-RNTI for RA-SDT/CG-SDT, low power consumption for PDCCH monitoring in USS needs to be considered.

<38.213 section 10.1>
If a UE is provided 
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and 
-	a C-RNTI, an MCS-C-RNTI, a CS-RNTI, a SL-RNTI, a SL-CS-RNTI, or a SL-L-CS-RNTI
the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in the one or more search space sets in a slot where the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI, or P-RNTI.



For RA-SDT subsequent transmission, subsequent transmission is mainly for data transmission with low data rate, taking power saving, low mobility into account. Therefore, the it is better to adopt some UE-specific configurations to fulfill low cost requirement.
For UE-specific configuration for RA-SDT, the key questions are when and what to indicate the UE-specific configuration.
Considering that the time difference between triggering SDT and the latest configuration in RRCRelease message can be very large, to guarantee efficiency, it might be better to configure the UE-specific configuration during the SDT procedure (e.g. after the first UL transmission).  For example, introduce a new procedure/message, with which the UE can obtain an RRC configuration in RRC INACTIVE during SDT procedure (i.e. no RRC state transition)
Regarding what configurations are needed for RA-SDT, following configurations can be considered in the RRC release message.
· CORESET and TCI state info: 
if CORESET 0 is used, then the SSB selected for SDT can be assumed to be QCLed with PDCCH DM-RS port. If other CORESET is used, the TCI state needs to be determined and the UE behavior needs to be clarified (e.g. a rule that UE assumes the SSB for SDT is QCLed with the PDCCH DM-RS port.
· UE-specific search space: 
UE behavior of PDCCH monitoring during SDT needs to be specified, including how frequent and how long the UE monitors PDCCH in USS.
· UE-specific TDRA: 
Dedicated TDRA table can be used to enable cross-slot scheduling for power saving. 
· UE-specific PUCCH resource/timing: 
Default configuration can be used but the usage rule needs to be specified for C-RNTI in ACTIVE.
· the num of DL/UL HARQ process: 
The number of HARQ process needs to be determined. For DL, following options can be adopted.
· Option 1: Only one DL HARQ process is used for SDT
· It is simple for HARQ feedback
· Option 2: the number of DL HARQ process is configurable. 
· The number should be limited, e.g. up to 2, to avoid complicated HARQ-ACK codebook design.
For UL, the number of HARQ process can be configurable.
· initial BWP and non-initial BWP 
For the subsequent transmission, which BWP is used, initial BWP or non-initial BWP. Whether the same or different BWPs for RACH procedure and subsequent transmission during SDT are used need to be determined. If different BWPs are used, the switching behavior during subsequent transmission should be needed.
· RLM/BFD/BFR configuration 
During the SDT, although conservative transmission parameters would be suffient to satisfy low data rate, the transmission performance may be degraded due to the change of channel state and the beam direction, especially when the duration for SDT is long. How to improve the transmission efficiency needs to be discussed. For example, whether and how gNB acquires the channel state and beam information from UE, whether RLM/BFD/BFR is needed for UE during SDT.
· Power control related parameters 
For UL transmission during SDT, the power control related parameters e.g. pathloss-RS, should be determined.
· SR resource 
After RACH procedure, if new UP data arrives, due that msg3 has been transmitted, how UE informs gNB there is new data and requests UL resources for the new data? Whether SR is needed during SDT?
· SPS/CG for subsequent data transmission for subsequent transmission
Considering the traffic for subsequent transmission for SDT may be periodic, e.g. status report from the wearable device, SPS/CG can be used for the subsequent data transmission. Whether and how to configure the SPS/CG resource for the subsequent transmission need to be further discussed.

[bookmark: _Ref61856229]Proposal 2:  For RACH-SDT, following UE-specific configurations for SDT need to be further discussed.
· CORESET and TCI state info
· UE-specific search space
· UE-specific TDRA
· UE-specific PUCCH resource/timing
· the num of DL/UL HARQ process
· initial BWP and non-initial BWP 
· RLM/BFD/BFR configuration 
· Power control related parameters 
· SR resource 
· SPS/CG for subsequent data transmission for subsequent transmission

Association with SSB
For CG-SDT, differently from RACH-SDT, no Msg1/MsgA is transmitted. Hence, an association between type 1 CG resource(s) and SSB(s) is required for multi-beam operation.
To support multiple beam operation for CG-SDT, multiple CG PUSCH occasion should be configured within a CG periodicity (i.e. one CG configuration), to which multiple SSB can be mapped. If there is a shortage of CG PUSCH occasion, multiple SSB may mapped to one CG PUSCH occasion with different DM-RS resource.   


[bookmark: _Ref61856233]Proposal 3:  NR-U CG (or MsgA PO) resource allocation method is reused for NR SDT.
[bookmark: _Ref61856237]Proposal 4: For NR SDT, the association between SSB and SDT CG resource is 1:1 mapping.
[bookmark: _Ref61856240]Proposal 5:  For NR SDT, SSB is mapped to a CG occasion and the associated DMRS resource (port/sequence/scrambling ID) in a manner similar to 2-step RA mapping rule.  

3. [bookmark: OLE_LINK16]Conclusion
In this contribution, we discuss the potential impacts on the small data transmission from RAN1’s perspective. The conclusion and proposals are summarized below.
Observation 1: PDCCH monitoring with CRC scrambled by C-RNTI in CSS for subsequent transmission of RA-SDT can be supported in NR.
[bookmark: _GoBack]
Proposal 1:  If USS is supported for PDCCH monitoring with CRC scrambled by C-RNTI for RA-SDT/CG-SDT, low power consumption for PDCCH monitoring in USS needs to be considered.
Proposal 2:  For RACH-SDT, following UE-specific configurations for SDT need to be further discussed.
· CORESET and TCI state info
· UE-specific search space
· UE-specific TDRA
· UE-specific PUCCH resource/timing
· the num of DL/UL HARQ process
· initial BWP and non-initial BWP 
· RLM/BFD/BFR configuration 
· Power control related parameters 
· SR resource 
· SPS/CG for subsequent data transmission for subsequent transmission
Proposal 3:  NR-U CG (or MsgA PO) resource allocation method is reused for NR SDT.
Proposal 4: For NR SDT, the association between SSB and SDT CG resource is 1:1 mapping.
Proposal 5:  For NR SDT, SSB is mapped to a CG occasion and the associated DMRS resource (port/sequence/scrambling ID) in a manner similar to 2-step RA mapping rule.
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