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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]To avoid unnecessary power consumption and signaling overhead for the UEs in RRC_INACTIVE with the requirement of infrequent data transmission, the work on the NR Small Data Enhancements WI has been started by RAN2. Both the RACH based SDT (RA-SDT) and Configured Grant based SDT (CG-SDT) without UE RRC state transfer are included in the objective, as shown in Appendix 1. Based on some agreements of RAN2#111-e and RAN2#112-e, an LS is sent to RAN1 for the following physical layer aspects of SDT [1]:
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)

According to the LS, the related issues about both RA-SDT and CG-SDT are discussed in this contribution.
On RA-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, and the UE has to monitor the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT. 
Motivation of monitoring the PDCCH addressed to the C-RNTI
The PDCCH addressed to the C-RNTI aims at scheduling both PUSCH and PDSCH transmission after initial RA-SDT. Due to the TBS limitation of PUSCH in Msg3 or MsgA, and/or UE’s UL traffic requirement, the UE may not send out all the data in buffer through initial RA-SDT. Also, since the TA has already been obtained by the initial RA-SDT, there is no need to perform RA-SDT again to send the remaining data. In this case, the subsequent UL small data can be transmitted by dynamic grant, based on the BSR report within the initial or previous SDT. 
Also, there may be some DL messages of both DL user data and DL message from high layer, e.g. RRC signaling to be sent to UE. The subsequent DL should also be scheduled dynamically by the network using the PDCCH addressed to the C-RNTI. The number of subsequent transmissions for one UE is according to traffic demand, which can be from a few to dozens.
Observation 1: Both the subsequent UL and DL transmissions will be scheduled by PDCCH addressed to the C-RNTI. The number of subsequent transmissions for one UE can be large.

CORESET and SearchSpace configuration for UEs performing RA-SDT.
The UEs in RRC_INACTIVE have both common and dedicated CORESET/SearchSpace configurations, while the dedicated one is configured when released from RRC_CONNECTED but suspended in RRC_INACTIVE. Common CORESET/SearchSpace is configured in MIB or PDCCH-ConfigCommon in SIB, including:
· Common CORESET
· ControlResourceSetZero:  interpreted like the corresponding bits in MIB pdcch-ConfigSIB1. 
· ControlResourceSet: uses a ControlResourceSetId other than 0, contained in the bandwidth of CORESET#0.
· Common SearchSpace 
· Type0-PDCCH CSS: configured by pdcch-ConfigSIB1, searchSpaceSIB1, or SearchSpaceZero, with PDCCH addressed to SI-RNTI. 
· Type0A-PDCCH CSS: configured by searchSpaceOtherSystemInformation, with PDCCH addressed to SI-RNTI.
· Type1-PDCCH CSS: configured by ra-SearchSpace for random access procedure, with PDCCH addressed to RA-RNTI, a MsgB-RNTI, or a TC-RNTI.
· Type2-PDCCH CSS: configured by pagingSearchSpace for paging, with PDCCH addressed to P-RNTI.
· Type3-PDCCH CSS: configured by SearchSpace in PDCCH-Config with searchSpaceType = common. 
The CORESET/SearchSpace used after initial RA-SDT can be with the following options:
· Option 1: using common CORESET and SearchSpace
· Option 1.1: Configured from MIB/SIB listed above.
· Option 1.2: New common SS for RA-SDT (also configured in system information)
· Option 2: using UE-specific CORESET/SearchSpace (at least one of CORESET/SearchSpace is dedicated)
· Option 2.1: Configured from RRC release. The RRC release message can be sent to UE when from RRC_CONNECTED to RRC_INACTIVE, or during last RA-SDT procedure.
· Option 2.2: Configured in msg4/B of RA-SDT. 
Comparing the options, Option 2 has some drawbacks. The dedicated CORESET and/or SearchSpace should be valid only in the serving cell, because it is complex for RAN2 to design how to use dedicated CORESET and/or SearchSpace in neighbour cell, where the dedicated configuration needs to be contained in the UE context and interchanged in the Xn-AP. On the other hand, for the Option 2.2, RAN2 have to define new RRC signaling in msg4/B. The current RRC-Resume cannot be reused, which will let UE transfer the state to RRC_CONNECTED if it is sent to the UE. The current RRC-Release cannot be used either because it will terminate the subsequent SDT, after which the UE will discard the received C-RNTI.
Observation 2: The UE-specific CORESET/SearchSpace may require more specification impacts.
For Option1, neither dedicated BWP  nor dedicated CORESET/SearchSpace need to be configured during RA-SDT. But for Option 1.1, if the number of UEs performing RA-SDT is large, the existing common CORESET/SearchSpace may be overloading, thus impacting the receiving of other PDCCH candidate during initial access. In this case, a new common SearchSpace can be employed for subsequent dynamic scheduling, e.g. named as SDT-SearchSpace. The new common SearchSpace can be configured in the system information in companion with RA-SDT resource configuration. The network can set and adjust the monitoring periods/symbols of the SearchSpace according to the SDT traffic of the cell.
Proposal 1: As a baseline, the UE uses common CORESET (e.g. CORESET#0) and a new common SearchSpace configured in system information for monitoring C-RNTI after contention resolution of initial RA-SDT. FFS if the bandwidth of UE-specific CORESET is not larger than initial BWP and UE is in serving cell, UE can also use the UE-specific CORESET/SearchSpace.

Other issues related to PDCCH addressed by C-RNTI
For the DCI formats and aggregation levels (ALs) of PDCCH candidates for subsequent scheduling, only the Format 0_0/1_0 and the existing ALs {4, 8, 16} in CSS should be supported from the complexity and power saving point of view. The additional fields in 0_1/1_1, e.g. for multi-layer transmission and beam management, are not required for SDT. Format 2_x/3_x are also unnecessary during SDT procedure.
In R15/R16, the UE may assume that the DMRS antenna port associated with PDCCH receptions in the CORESET configured by pdcch-ConfigSIB1 (CORESET#0) and the corresponding SSB are quasi co-located [2]. Here, for monitoring the PDCCH in subsequent RA-SDT, the UE should also assume the QCL of DMRS antenna port between the PDCCH receptions and corresponding SSB, regardless whether the common CORESET is CORESET#0 or not.
Proposal 2: Support only the DCI Format 0_0/1_0 and ALs= {4, 8, 16} of PDCCH candidates for subsequent scheduling after initial RA-SDT. 
Proposal 3: UE assumes that the DMRS antenna port associated with PDCCH receptions addressed to C-RNTI and the corresponding SSB are quasi co-located.

On CG-SDT 
RAN2 has agreed that an association between type 1 CG resource(s) and SSB(s) is required for CG-based SDT considering the multi-beam operation. And a SS-RSRP threshold is configured for SSB selection. The motivation of configuring the association is to promote UL performance of CG-SDT. Providing such configuration explicitly in the RRC-Release with suspendConfig is considered by RAN2. RAN2 has also agreed to support the subsequent multiple UL/DL packets following initial CG-SDT as part of the same SDT mechanism, without transitioning to RRC_CONNECTED, as shown in Appendix 2.
Schemes of the association between CG resource(s) and SSB(s)
Taking the association between RACH occasion (RO) and SSB as reference, this association is configured in common signaling, e.g. system information, and different SSBs corresponds to the same number of ROs. While for CG-SDT, the association between CG resources and SSBs can be configured together with CG-SDT resource configuration through UE-specific signaling, e.g. in RRCRelease message. Since the UE channel condition or SSB measuring results can be known to the network before RRC Release, the network can configure more resources associated to one or several target SSBs based on UE report and/or UE request. It is unnecessary to configure the same amount of CG-SDT resource with each SSB like the association between RO and SSB.
Since the multiple CG configurations for RRC_CONNECTED UEs are supported in R16, the UEs in RRC_INACTIVE can also support multiple CG configurations. One CG configuration can be associated with one or multiple SSBs based on network configuration. Multiple CG configurations can be configured to associate with different SSBs. If UE measures the RSRP of one or multiple SSBs is larger than the threshold, UE choose one CG resource in the corresponding CG configuration. One example is shown in Figure 1. One UE measures the SSB1 with highest RSRP and report it before RRC release. The network configures 3 CG configurations to the UE for SDT, with CG configuration 1 associated to SSB1, CG configuration 2 associated to SSB2, and CG configuration 3 associated to SSB3 and SSB4. When the RSRP of SSB1 is larger than the threshold in RRC_INACTIVE, the UE chooses one CG resource in CG configuration 1 to send the small data. 
CG Occasions
SSB1
SSB2
SSB3
SSB4
t
t
t
CG config -1
CG config -2
CG config -3

Figure 1. An example of the association between SSBs and CG configurations
Proposal 4: Support one CG configuration associated to one or multiple SSBs. Multiple CG configurations can be configured to associate with different SSBs. The configuration can be based on UE report and/or request.

Update the association between CG resource(s) and SSB(s)
RAN2 has agreed to support the UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED. So the UEs have to monitor DCI after the initial CG-SDT, and the association can be updated by network indication based on UE report and/or UE request in initial CG-SDT. For example, due to the change of channel state or UE movement, the RSRP of SSB1 is below the threshold while SSB3 is larger than the threshold, then the UE can send small data through CG Config-3 and report the measurements of SSB RSRP. Due to more resources in CG Config-1, the network can indicate the UE to re-associate CG Config-1 with SSB3 after the report by DCI or by higher layer signaling.
Proposal 5: The association can be updated by DCI or high layer signaling after one CG-SDT.

Discussion on the UL spatial filter of UE 
Another way to promote CG-SDT performance is about UL transmit spatial filter if equipped with multiple Tx antennas. The UEs in RRC_INACTICVE may not have beam management procedure, and the network may not configure or indicate UE’s UL spatial filter for SDT. As reference, R15/R16 specifications defined the following rules about UL transmit spatial filter during RACH procedure [2]:
· (For 4-step RACH msg3 and PUCCH of msg4)  The UE transmits the PUCCH using the same spatial domain transmission filter as for a PUSCH transmission scheduled by a RAR UL grant.
·  (For 2-step RACH msgA) A PUSCH transmission uses a same spatial filter as an associated PRACH transmission.
·  (For 2-step RACH PUSCH and PUCCH of msgB) The PUCCH transmission is with a same spatial domain transmission filter and in a same active UL BWP as a last PUSCH transmission
For CG-SDT, some potential rules of UL spatial filter can be defined similar to the above rules for RACH, e.g. 
· UE uses the same spatial filter as in the last PUSCH in RRC_CONNECTED within a timer and without the changing of best SSB of RSRP. Since the last PUSCH in RRC_CONNECTED can be based on beam management and network scheduling, if the measured best RSRP is not changed (still the one when RRC release), the same spatial filter within a configured timer can still be the better spatial filter. 
· UE uses the same spatial filter as in the last PUSCH in the previous RA procedure within a timer and without the changing of best SSB regarding RSRP. This rule is based on the existing rules in RACH procedure. The spatial filter PUCCH of msg4/msgB is associated with msg3 or msgA or retransmission PUSCH, so the subsequent PUSCH of CG-SDT can still take the rule, which means use the same spatial filter as in the last PUSCH in the initial RA-SDT.
Proposal 6: For promoting SDT performance, the rules of setting transmit spatial filter for CG-SDT can be also considered as in existing RACH procedure, if the UE is equipped with multiple Tx antennas.
· UE uses the same spatial filter as in the last PUSCH in RRC_CONNECTED within a timer and without the changing of best SSB regarding RSRP.
· UE uses the same spatial filter as in the last PUSCH in the previous RA procedure within a timer and without the changing of best SSB regarding RSRP.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: Both the subsequent UL and DL transmissions will be scheduled by PDCCH addressed to the C-RNTI. The number of subsequent transmissions for one UE can be large.
Observation 2: The UE-specific CORESET/SearchSpace may require more specification impacts.
Proposal 1: As a baseline, the UE uses common CORESET (e.g. CORESET#0) and a new common SearchSpace configured in system information for monitoring C-RNTI after contention resolution of initial RA-SDT. FFS if the bandwidth of UE-specific CORESET is not larger than initial BWP and UE is in serving cell, UE can also use the UE-specific CORESET/SearchSpace.
Proposal 2: Support only the DCI Format 0_0/1_0 and ALs= {4, 8, 16} of PDCCH candidates for subsequent scheduling after initial RA-SDT. 
Proposal 3: UE assumes that the DMRS antenna port associated with PDCCH receptions addressed to C-RNTI and the corresponding SSB are quasi co-located.
Proposal 4: Support one CG configuration associated to one or multiple SSBs. Multiple CG configurations can be configured to associate with different SSBs. The configuration can be based on UE report and/or request.
Proposal 5: The association can be updated by DCI or high layer signaling after one CG-SDT.
[bookmark: _GoBack]Proposal 6: For promoting SDT performance, the rules of setting transmit spatial filter for CG-SDT can be also considered as in existing RACH procedure, if the UE is equipped with multiple Tx antennas.
· UE uses the same spatial filter as in the last PUSCH in RRC_CONNECTED within a timer and without the changing of best SSB regarding RSRP.
· UE uses the same spatial filter as in the last PUSCH in the previous RA procedure within a timer and without the changing of best SSB regarding RSRP.
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Appendix 1 – Objectives of the WID
This work item enables small data transmission in RRC_INACTIVE state as follows: 
· For the RRC_INACTIVE state:
· UL small data transmissions for RACH-based schemes (i.e. 2-step and 4-step RACH):
· [bookmark: _Hlk26863976]General procedure to enable UP data transmission for small data packets from INACTIVE state (e.g. using MSGA or MSG3) [RAN2]
· Enable flexible payload sizes larger than the Rel-16 CCCH message size that is possible currently for INACTIVE state for MSGA and MSG3 to support UP data transmission in UL (actual payload size can be up to network configuration) [RAN2] 
· Context fetch and data forwarding (with and without anchor relocation) in INACTIVE state for RACH-based solutions [RAN2, RAN3]
Note 1: The security aspects of the above solutions should be checked with SA3
· Transmission of UL data on pre-configured PUSCH resources (i.e. reusing the configured grant type 1) – when TA is valid
· General procedure for small data transmission over configured grant type 1 resources from INACTIVE state [RAN2]
· Configuration of the configured grant type1 resources for small data transmission in UL for INACTIVE state [RAN2]
· Specify RRM core requirements for small data transmission in RRC_INACTIVE, if needed [RAN4]
No new RRC state should be introduced in this WID. Transmission of smalldata in UL, subsequent transmission of smalldata in UL and DL and the state transition decisions should be under network control.
Focus of the WID should be on licensed carriers and the solutions can be reused for NR-U if applicable.
Note 2: Any associated specification work in RAN1 that is needed to support the above set of objectives should be initiated by RAN2 via an LS. 


Appendix 2 –Related Agreements in RAN2#111-e and RAN2#112-e
Agreements:
1 UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED is supported.
2 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. FFS on details and whether any indication to network is needed.
3 For RACH based solutions, upon successful completion of contention resolution, the UE shall monitor the C-RNTI.
4 The configuration of configured grant resource for UE uplink small data transfer is contained in the RRCRelease message.  FFS if other dedicated messages can configure CG in INACTIVE CG. Configuration is only type 1 CG with no contention resolution procedure for CG.
5 The configuration of configured grant resource can include one type 1 CG configuration.  FFS if multiple configured CGs are allowed.
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.
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