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1. Introduction

An LS on physical layer aspects of NR small data transmission was received from RAN2 [1].  RAN2 respectfully asks RAN1 to provide input for the below two technical issues in RAN2 LS [1].
	Actions:

To RAN1 group.

ACTION: 
RAN2 respectfully requests RAN1 to take the above into account and provide input for: 

· Configuration of the coreset and search space for monitoring the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT. 
· Configuration of association between the type 1 CG resource(s) for CG-SDT and SSB(s)


In this contribution, we discuss about physical layer impact related to RACH based small data transmission (RA-SDT) and Configured Grant based small data transmissions (CG-SDT) which is mentioned in RAN2 LS [1] and is included in the objectives of the NR Small Data Enhancements WI (RP-201305).
2. Discussion
2.1 RACH based small data transmission (RA-SDT)
Based on RAN2 agreements in RAN2 LS [1], for RACH based solutions, upon successful completion of contention resolution, the UE shall monitor the C-RNTI. RAN2 ask RAN1 to provide feedback for configuration of the CORESET and search space for monitoring the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT
In Rel-16, UE monitors type1 PDCCH CSS (common search space) during the whole RACH procedure. One possible way is to continue to monitor PDCCH addressed to the C-RNTI in type 1 CSS after successful completion of the RACH procedure during RA-SDT. But if the number of RA-SDT UEs after RACH proceudre is large, it will lead to an increase in the PDCCH blocking rate random access of normal UEs.
Therefore, a separate PDCCH SS (search space) is proposed to schedule small data transmission after successful completion of the RACH procedure during RA-SDT. 
Proposal 1: Separate PDCCH search space from existing CSS is supported for scheduling small data transmission after successful completion of the RACH procedure during RA-SDT.
Three possible ways to configure parameters related to separate PDCCH SS for small data transmission includes the broadcast signaling, the dedicated high layer signaling or reusing previous configuration on PDCCH USS (UE-specific search space) in the connection mode.
For the broadcast signaling mode,  parameters related to separate PDCCH SS for small data transmission such as CORESET ID/CCE ALs(Control Channel Element Aggregation Level)/ PDCCH candidates per ALslot/offset/ symbolswithinslot is the same as the existing parameters defined by Rel-16. These parameters related to separate PDCCH SS can be configured to small data UEs by the broadcast signaling In addition, CCE mapping position of each PDCCH candidate in the separate PDCCH SS is determined according to the hash function with C-RNTI for randomization parameter in order to reduce the PDCCH scheduling blockage rate between small data UEs.

For the dedicated signaling mode, RRC release signaling can be used for carrying configuration parameters related to separate PDCCH SS for small data transmission. If each UE is configured with dedicated PDCCH SS for small data transmission, resource and signaling overhead of the separate PDCCH SS is very large.
For reusing previous configuration on PDCCH USS in the connection mode, if active BWP which UE worked on in the connection mode is different with initial BWP, UE need switch active BWP from initial BWP to receive  separate PDCCH SS for small data transmission.
Based on the above analysis, we give the following proposal
Proposal 2: Parameters related to separate PDCCH SS can be configured to small data UEs by the broadcast signaling. CCE mapping position of each PDCCH candidate in the separate PDCCH SS is determined according to the hash function with C-RNTI for randomization parameter.
Based on RAN2 agreements in RAN2 LS [1], upon successful completion of contention resolution, UE should monitor separate PDCCH search space addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT. UE should stop monitoring separate PDCCH SS after UE receives RRC release signaling or high layer signaling of configuration on USS (UE specific search space)/Type3-CSS(Common search space).
Proposal 3: After successful completion of the RACH procedure during RA-SDT, UE should monitor separate PDCCH for small data transmission. UE should stop monitoring separate PDCCH search space after UE receives RRC release signaling or high layer signaling of configuration on USS (UE specific search space)/Type3-CSS(Common search space).
2.2 Configured Grant based small data transmissions (CG-SDT)
Based on the RAN2 agreements in the annex, type 1 CG resources can be configured for small data transmission in RRC_INACTIVE, and RAN1 is requested to provide association between the type 1 CG resources and the SS/PBCH blocks. 
It is proposed that a number [image: image1.wmf]N

 of SS/PBCH blocks are associated with one TO (transmission occasion) of the CG configuration and mapping ratio between SS/PBCH blocks and TOs of the CG configuration can configured by RRC signaling within the association period as shown in Figure 1 and Figure 2. As shown in Figure 1 and Figure 2, mapping ratio between SS/PBCH blocks and TOs of the CG configuration can be configured for [image: image2.wmf]N

of SS/PBCH blocks associated with one TO such as 1:1 (one SS/PBCH block associated with one TO) or 2:1 (two SS/PBCH blocks associated with one TO). 
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Figure 1: Association ratio (1:1) between SS/PBCH blocks and TOs of one type 1 CG configuration
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Figure 2: Association ratio (2:1) between SS/PBCH blocks and TOs of one type 1 CG configuration
When PUSCH repetition is applied for CG-SDT, a number [image: image5.wmf]N

 of SS/PBCH blocks should be associated with one TO bundle including K TOs corresponding to the K repetitions shown in Figure 3. As shown in Figure 3, if 2 repetitions are applied for CG configuration and mapping ratio between SS/PBCH blocks and TOs is 1:1, one SS/PBCH blocks should be associated with one TO bundle including 2 TOs, i.e. SSB1 corresponds to TO0 and TO1, SSB2 corresponds to TO2 and TO3.
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Figure 3: Association mechanism between SS/PBCH blocks and TOs of one type 1 CG configuration with repetitions
In order to establish the association mechanism between the type 1 CG resources and the SS/PBCH blocks, our proposals are as follows:

Proposal 4: Mapping ratio between SS/PBCH blocks and TOs of one Type1 CG configuration can be configured by RRC signaling within the association period.
Proposal 5: When PUSCH repetition is applied for Type1 CG configuration during CG-SDT, SS/PBCH blocks should be associated with one TO bundle including K TOs corresponding to the K repetitions.
3. Conclusions
In this contribution, we discuss about the RAN1 impact based on RAN2 LS on physical layer aspects of NR small data transmission. Our proposals are as follows:
Proposal 1: Separate PDCCH search space from existing CSS is supported for scheduling small data transmission after successful completion of the RACH procedure during RA-SDT.
Proposal 2: Parameters related to separate PDCCH SS can be configured to small data UEs by the broadcast signaling. CCE mapping position of each PDCCH candidate in the separate PDCCH SS is determined according to the hash function with C-RNTI for randomization parameter.
Proposal 3: After successful completion of the RACH procedure during RA-SDT, UE should monitor separate PDCCH for small data transmission. UE should stop monitoring separate PDCCH search space after UE receives RRC release signaling or high layer signaling of configuration on USS (UE specific search space)/Type3-CSS(Common search space).
Proposal 4: Mapping ratio between SS/PBCH blocks and TOs of one Type1 CG configuration can be configured by RRC signaling within the association period.
Proposal 5: When PUSCH repetition is applied for Type1 CG configuration during CG-SDT, SS/PBCH blocks should be associated with one TO bundle including K TOs corresponding to the K repetitions.
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Annex

Some relevant RAN2 agreements in the RAN2 LS [1] are as below:

	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.
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