3GPP TSG-RAN2 Meeting #113 Electronic                                   R2- 2100145 
25th January – 5th February 2021

Agenda item:
8.6.5
Source:
Samsung

Title:
Configured Grant based Small Data Transmission
Document for:
Discussion & Decision
1 Introduction
In RAN2#112e, pre-configured PUSCH resources (i.e. CG Type 1) based SDT was discussed and following agreements were made:


In this contribution we discuss further details of pre-configured PUSCH resources (i.e. CG Type 1) based SDT.
2 Discussion
2.1 CG resource configuration for small data transmission
2.1.1 BWP for SDT using CG resources
According to the R16 procedure, the CG resources are valid in the BWP in which the corresponding CG configuration is received. In case of CG resources for SDT, configuration is received in dedicated RRC signaling (e.g. RRCRelease message) but used by UE in RRC_INACTIVE. For SDT using CG resources, UE needs to know the BWP associated with CG resources.
- Option 1: The BWP associated with CG resources for SDT is initial UL BWP

- Option 2: The BWP associated with CG resources for SDT is configurable. It can be informed in dedicated RRC signaling.
Option 2 is more flexible in terms of allocating CG resources as different UE(s) can be allocated resources in different BWPs of cell. This would require UE to support UL transmissions in non-initial UL BWP in RRC_INACTIVE state, which does not seem to be a problem. In case of TDD spectrum, CG resources for SDT in non-initial UL BWP would mean that UE has to receive DL (e.g. SI, paging, etc) in non-initial DL BWP or autonomously switch to initial DL BWP for receving paging and SI. This is not a problem as common search spaces (i.e. paging search space, OSI search space, rar search space) are supported in non-initial DL BWP and in case of TDD spectrum, network can configure CG resources for SDT in non-initial UL BWP only if it supports common search spaces in corresponding non-intial DL BWP.
Proposal 1a: BWP associated with CG resources for SDT is configurable. It can be signaled in RRC message (i.e. RRCRelease message).
Proposal 1b: Network can configure CG resources for SDT in non-initial UL BWP only if it supports common search spaces in corresponding non-intial DL BWP.
2.1.2 Carrier for SDT using CG resources
There can be two UL carriers (NUL and SUL) configured in a cell. The two carriers have different characteristics (e.g. different frequency bands FR1/FR2). So CG resources for SDT can be separately configured for NUL and SUL in RRCRelease message. Inorder to optimize the signaling, if configuration is same for both SUL and NUL, the configuration for SUL can be skipped and UE can apply the NUL configuration to SUL as well if SUL is configured in the cell.
Proposal 2: In a cell supporting SUL, CG resource for SDT can be configured on SUL or NUL or both. CG resources for SDT are separately signaled for NUL and SUL.
2.2 Criteria to determine whether to use CG resources for SDT or not 
In RAN2 #112e, it was agreed that, 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.  
User data is smaller than the data volume threshold:

The following aspects needs to be discussed for this criteria

· Which user data is compared against the data volume threshold? How to determine the data volume?

The DRBs for which small data transmission is supported is signaled by gNB. So the volume of data i.e. the total amount of data available across all DRBs for which SDT is enabled should be compared against the data volume threshold. Similar to buffer size reporting in BSR, RLC header and MAC header are not considered in data volume computation.

Proposal 3: For the data volume based criteria for CG based SDT:
·  Total amount of data available across all DRBs configured for SDT is compared against the data volume threshold

· RLC header and MAC header are not considered in data volume computation
Other criteria for selecting CG based SDT

a) RSRP of downlink path loss reference should be greater than or equal to a configured threshold

· RSRP threshold ensures that data transmission in CG for SDT is likely to succeed and SDT procedure is avoided when UE is in poor channel condition.
b) Data is available for transmission for only those DRBs for which SDT is enabled
· Network configures the DRBs for which SDT is enabled. So, if data is available of DRBs for which SDT is not configured, SDT procedure should not be initiated.
c) If SUL is supported in the cell and if the RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL and CG resources for SDT are configured for SUL

d) If SUL is supported in the cell and if the RSRP of the downlink pathloss reference is not less than rsrp-ThresholdSSB-SUL and CG resources for SDT are configured for NUL
e) If SUL is supported in the cell and if the RSRP of the downlink pathloss reference is not less than rsrp-ThresholdSSB-SUL and CG resources for SDT are not configured for NUL but configured for SUL. Note that SUL can be used as SUL typically has more UL coverage than NUL. 

f) If SUL is not supported in the cell and CG resources for SDT are configured for NUL
g) In addition to above if a sub set of SSBs are mapped to CG occasions following condition may also need to be considered (otherwise CG based transmission may fail):

·  UE has at least one SSB with SS-RSRP above a threshold, amongst the SSBs associated with CG resources for the selected UL carrier.
Proposal 4: Following criteria should also be met for CG based small data transmission:

· RSRP of downlink path loss reference is greater than or equal to a configured threshold 

· Data is available for transmission for only those DRBs for which SDT is enabled.

· If SUL is supported in the cell and if the RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL and CG resources for SDT are configured for SUL; 
· If SUL is supported in the cell and if the RSRP of the downlink pathloss reference is not less than rsrp-ThresholdSSB-SUL and CG resources for SDT are configured for NUL; 
· If SUL is supported in the cell and if the RSRP of the downlink pathloss reference is not less than rsrp-ThresholdSSB-SUL and CG resources for SDT are not configured for NUL but CG resources for SDT are configured for SUL
· If SUL is not supported in the cell and CG resources for SDT are configured for NUL
2.3 Monitoring network response for SDT using CG resource
Upon performing UL transmission in CG resource for SDT, UE needs to monitor DL for network response. Network response can include resource for retransmission/new transmission, DL data or RRC message to complete SDT procedure. For network response following aspects needs to be considered: 
Search Space: UE needs to know search space for monitoring PDCCH. One of the following can be considered for determining search space for monitoring PDCCH.

· Option 1: sdt-SearchSpace can be signaled by network in RRCRelease message

· 1-1: sdt-SearchSpace indicates one of the search space in PDCCH-ConfigCommon of initial DL BWP
· 1-2: sdt-SearchSpace indicates one of the search space in PDCCH-Config of initial DL BWP
· Option 2: sdt-SearchSpace can be signaled by network in initial DL BWP configuration (PDCCH-ConfigCommon or PDCCH-Config)
RX beam for monitoring PDCCH: UE can monitor the search space using the RX beam corresponding to SSB associated with UL grant in which transmission is made by UE.
RNTI: UE needs to know the RNTI for monitoring PDCCH. UE can monitor PDCCH addressed to C-RNTI where the C-RNTI is the one which the UE used in cell from which it received CG resources for SDT. Alternately, the C-RNTI can be assigned along with CG resources for SDT.

Proposal 5: sdt-SearchSpace is signaled for monitoring PDCCH for network response during SDT procedure using CG resource. 

Proposal 6: RAN2 to discuss and agree on one of the following:

· UE monitors PDCCH addressed to C-RNTI where the C-RNTI is the one which the UE used in cell from which it has received CG resources for SDT. 

· C-RNTI is assigned along with CG resources for SDT
2.4 Handling Retransmissions

It is possible that UL transmission in CG resource is not received successfully by gNB. One of the following can be considered in case of failure:

· Option 1: Timer based retransmissions: UE retransmit the generated MAC PDU using CG resource if it has not yet transmitted the MAC PDU configurable number of times. If UE has transmitted the MAC PDU configurable number of times, SDT is considered failed.

·  During retransmission, UE first selects SSB; UE then select PUSCH resource corresponding to selected SSB; UE then transmit in selected PUSCH resource; UE starts the monitoring timer and wait for response i.e. PDCCH addressed to C-RNTI. If UCI is supported, UE can indicate new transmission/retransmission in the UCI. RV version can be pre-defined for each transmission/retransmission.

· Option 2: Network triggered retransmissions: 

·   UE perform HARQ retransmission if UE receives PDCCH addressed to C-RNTI for HARQ retransmission of HARQ process used for SDT using CG resource. PDCCH indicate UL grant for retransmission. HARQ process used for SDT using CG resource can be signaled in SDT configuration or can be pre-defined. 

· UE re-start the monitoring timer and waits for response.

· UE continue to use the SSB selected during initial transmission.
Proposal 7: RAN2 should discuss retransmission handling for UL transmission in CG resource
2.5 TA validation

One of the requirement for using CG resources for SDT is that the TA should be valid. For TA validation following approach can be considered:
·  Network configures SDT-TimeAlignmentTimer. The SDT-TimeAlignmentTimer is started upon receiving the SDT-TimeAlignmentTimer configuration from network.

· Even if the timer is running, path loss may change due to UE's mobility, resulting in change of TA. So we proposed that:

· If SDT-TimeAlignmentTimer is running; and 

· If the SS-RSRP of pathloss reference has not increased by more than rsrp-IncreaseThresh since the last time SDT-TimeAlignmentTimer was started; and 
· If the SS-RSRP of the pathloss reference has not decreased by more than rsrp-DecreaseThresh since the last time SDT-TimeAlignmentTimer was started:

· TA is considered valid.

Proposal 8: Network configures SDT-TimeAlignmentTimer. The SDT-TimeAlignmentTimer is started upon receiving the SDT-TimeAlignmentTimer configuration from network

· If SDT-TimeAlignmentTimer is running; and 

· If the SS-RSRP of pathloss reference has not increased by more than rsrp-IncreaseThresh since the last time SDT-TimeAlignmentTimer was started; and 
· If the SS-RSRP of the pathloss reference has not decreased by more than rsrp-DecreaseThresh since the last time SDT-TimeAlignmentTimer was started:

· TA is considered valid.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposals:
Proposal 1a: BWP associated with CG resources for SDT is configurable. It can be signaled in RRC message (i.e. RRCRelease message).
Proposal 1b: Network can configure CG resources for SDT in non-initial UL BWP only if it supports common search spaces in corresponding non-intial DL BWP.
Proposal 2: In a cell supporting SUL, CG resource for SDT can be configured on SUL or NUL or both. CG resources for SDT are separately signaled for NUL and SUL.
Proposal 3: For the data volume based criteria for CG based SDT:

·  Total amount of data available across all DRBs configured for SDT is compared against the data volume threshold

· RLC header and MAC header are not considered in data volume computation
Proposal 4: Following criteria should also be met for CG based small data transmission:

· RSRP of downlink path loss reference is greater than or equal to a configured threshold 

· Data is available for transmission for only those DRBs for which SDT is enabled.

· If SUL is supported in the cell and if the RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL and CG resources for SDT are configured for SUL; 
· If SUL is supported in the cell and if the RSRP of the downlink pathloss reference is not less than rsrp-ThresholdSSB-SUL and CG resources for SDT are configured for NUL; 
· If SUL is supported in the cell and if the RSRP of the downlink pathloss reference is not less than rsrp-ThresholdSSB-SUL and CG resources for SDT are not configured for NUL but CG resources for SDT are configured for SUL
· If SUL is not supported in the cell and CG resources for SDT are configured for NUL
Proposal 5: sdt-SearchSpace is signaled for monitoring PDCCH for network response during SDT procedure using CG resource. 

Proposal 6: RAN2 to discuss and agree on one of the following:

· UE monitors PDCCH addressed to C-RNTI where the C-RNTI is the one which the UE used in cell from which it has received CG resources for SDT. 

· C-RNTI is assigned along with CG resources for SDT
Proposal 7: RAN2 should discuss retransmission handling for UL transmission in CG resource
Proposal 8: Network configures SDT-TimeAlignmentTimer. The SDT-TimeAlignmentTimer is started upon receiving the SDT-TimeAlignmentTimer configuration from network

· If SDT-TimeAlignmentTimer is running; and 

· If the SS-RSRP of pathloss reference has not increased by more than rsrp-IncreaseThresh since the last time SDT-TimeAlignmentTimer was started; and 
· If the SS-RSRP of the pathloss reference has not decreased by more than rsrp-DecreaseThresh since the last time SDT-TimeAlignmentTimer was started:
· TA is considered valid.
4 References
[1] RAN2-112-e_NR-U_PowSav_2sRA -Rel-17 Sdata_IIoT Notes (Diana)_eom
RAN2#112e Agreements [1]:


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. 


The configuration of configured grant resource can include one type 1 CG configuration.  FFS if multiple configured CGs are allowed


A new TA timer for TA maintenance specified for configured grant based small data transfer in RRC_INACTIVE should be introduced.  FFS on the procedure, the validity of TA, and how to handle expiration of TA timer.  The TA timer is configured together with the CG configuration in the RRCRelease message.


The configuration of configured grant resource for UE small data transmission is valid only in the same serving cell.  FFS for other CG validity criteria (e.g. timer, UL/SUL aspect, etc)


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.  


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


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.








