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1. Introduction
Based on the WID [1], the CG (configured grant)-based scheme is to be specified. In RAN2#111-e [1], only common aspects between CG-based scheme and RA-based scheme has been discussed. The following agreements were made.
	Agreements 
1. Small data transmission with RRC message is supported as baseline for RA-based and CG based schemes  
2. RRC-less can be studied for limited use cases (e.g. same serving cell and/or for CG) with lower priority
3. Context fetch and data forwarding with anchor re-location and without anchor re-location will be considered.   FFS if there are problems with the scenario “without anchor relocation”. 
4. From RAN2 perspective, stored “configuration” in the UE Context is used for the RLC bearer configuration for any SDT mechanism (RACH and CG).
5. The 2-step RACH or 4-step RACH should be applied to RACH based uplink small data transmission in RRC_INACTIVE
6. The uplink small data can be sent in MSGA of 2-step RACH or msg3 of 4-step RACH.
7. Small data transmission is configured by the network on a per DRB basis
8. Data volume threshold is used for the UE to decide whether to do SDT or not.   FFS how we calculate data volume.  
i. FFS if an “additional SDT specific” RSRP threshold is further used to determine whether the UE should do SDT
9. UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED is supported 
10. 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.  



One thing worth keeping in mind is that all RAN1 discussions for SDT are to be triggered by RAN2 LS as shown below.
	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. 



[bookmark: OLE_LINK70]In this paper, we discuss CG based scheme for Small Data Transmission (SDT) further and identify the potential RAN1 impacts. 
2. CG-based scheme
2.1 CG configuration request
In [3], we provide uplink traffic patterns for small data services. Resource efficiency and power consumption gains of the SDT mechanism are highest in the case the CG configuration matches the traffic patterns for SDT. To achieve this, the UE in RRC_CONNECTED can indicate to the gNB that it is interested in being configured with CG resource for SDT over RRC_INACTIVE by sending a request message (e.g. CG configuration request) providing information about the requested CG resource based on its expected uplink traffic pattern(s) (e.g. number of occurrences, periodicity, time offset and TBS). Based on the request, the network can determine proper CG configuration(s) (e.g. resource size and MCS) for SDT over RRC_INACTIVE and send the determined CG configuration(s) to the UE when sending the UE to RRC_INACTIVE by RRCRelease message.
Similar mechanism has been defined for LTE PUR (Pre-configured uplink resource) as shown below [6].
	[bookmark: _Toc37760228]7.3d.2	PUR Configuration Request and PUR configuration
The procedure for PUR configuration request and PUR configuration is common to the Control Plane CIoT EPS/5GS optimisations and the User Plane CIoT EPS/5GS optimisations and is illustrated in Figure 7.3d-1.


Figure 7.3d-1: PUR Configuration Request and PUR Configuration


Observation 1: in LTE PUR, PUR configuration request has been defined for network to determine a proper PUR configuration.
Proposal 1: The UE can indicate to the gNB that it is interested in being configured with CG resource for SDT over RRC_INACTIVE by sending a request message providing information about requested CG resource (e.g. number of occurrences, periodicity, time offset and TBS) when the UE is in RRC_CONNECTED. 
2.2 CG configuration 
2.2.1 Signaling aspect
In LTE PUR, RRCConnectionRelease is used to indicate the UE to leave RRC_CONNECTED and the PUR configuration is also provided by RRCConnectionRelease message with suspend configuration. For NR SDT, we think that the CG configuration for SDT can be configured in a similar way as in LTE PUR, i.e., configured by RRCRelease message with suspend configuration.
Proposal 2: CG configuration for SDT is provided by RRCRelease with suspend configuration. 
2.2.2 Dedicated CG vs Shared CG
Another aspects that has to be decided is whether the CG resource is dedicated to a single UE or can be shared between multiple UEs. We think it would be beneficial to support both dedicated CG and shared CG considering different use cases. If there are many UEs which request to be allocated with CG resources for SDT and they are not expected to use the CG resource frequently, CG resource shared between multiple UEs is beneficial to improve the resource efficiency. If the UE is expected to use the CG resource frequently or in case the network wants to avoid collisions and ensure higher transmission reliability, dedicated CG resource would be preferred.
Proposal 3: Both dedicated CG and shared CG configurations are supported for SDT. 
Resource allocation for CG resides in three aspects: time/frequency/DMRS port and sequence. It may be necessary to ask RAN1 about which of theseresources can be shared between the UEs and which have to be dedicated (e.g. share T/F resource but differentiate UEs based on DMRS sequence or DMRS port).
Proposal 4: Send LS to ask RAN1 whether what kind of CG configurations (shared and/or dedicated) are feasible for CG-based SDT..
2.2.3 Cell and carrier aspect
In LTE PUR only a single configuration is supported and hence it can only be configured for one cell. On the other hand, in NR, the UE in RRC_CONNECTED can be configured with CG configurations for multiple serving cells, e.g. both PCell and SCell can have the CG configuration. RAN2 should therefore consider whether the UE may be configured with CG configurations for multiple cells to be used in RRC_INACTIVE state for SDT.
Proposal 5: RAN2 to consider whether to allow  CG configuration for multiple cells for SDT. 
 
[bookmark: OLE_LINK2]2.2.4 Multiple CG configurations vs a single CG configuration within one carrier
In RRC_CONNECTED, multiple CG configurations can be configured and activated for a single BWP of a cell considering that UE may run multiple services with different traffic patterns (e.g. different periodicities). For the same reason, we think it is beneficial to support multiple CG configurations for SDT where each CG configuration may correspond to a specific service. 
Proposal 6: Multiple active CG configurations for SDT can be supported for a cell. 
2.2.5 CG configuration release 
As in LTE PUR, it should be possible to have the CG configuration released either automatically or explicitly by the network. We think the CG configuration should be released using the following mechanisms:
1. Released by RRCRelease message: the network shall have the ability to release the CG configuration, e.g. there is not enough resource for UEs in RRC_CONNECTED.
2. Released by SIB1: this is applicable to the case when the network wants to replace the CG resource in RRC_INACTIVE for another use. By doing this, the network can page UE to read SIB1 with disabling indicator of SDT function and the UE releases the CG configuration for SDT directly when the updated SIB1 is received. Otherwise the UE would have to be paged to initiate random access and the network would indicate the UE to release the CG configuration by sending RRCRelease message in MSG4 or MSGB during Random access procedure.
3. M consecutive skipped CG allocations: if the UE does not have data to transmit on a CG allocation or CG transmission fails, the UE considers the CG allocation as skipped. If M consecutive skipped CG allocations occur, it is likely that the service for which the UE was using CG allocations previously, was terminated and the CG configuration should be released. Note this has been defined for LTE PUR as shown below [5].
	2>	if the pur-ImplicitReleaseAfter is configured, for each PUR occasion occurring while the UE is in RRC_IDLE:
3>	if transmission using PUR in accordance with conditions in 5.3.3.1c is not initiated; or
3>	if PUR failure indication is received from lower layers:
4>	consider the PUR occasion as skipped;
4>	if pur-ImplicitReleaseAfter number of consecutive PUR occasions have been skipped:
5>	if pur-TimeAlignmentTimer is configured, indicate to lower layers that pur-TimeAlignmentTimer is released;
5>	release pur-Config;
5>	discard previously stored pur-Config.


Observation 2: In LTE PUR, PUR configuration is released when a number of consecutive PUR occasions is skipped.
4. [bookmark: OLE_LINK4]Serving cell is changed: when the UE reselects a new cell based on cell reselection rule and initiates RRC Connection Resume procedure on the new cell, the CG configuration for the old cell should be considered as invalid. Note this has been defined for LTE PUR as shown below [5].
	1>	if the UE is establishing or resuming an RRC connection:
2>	if the UE has a stored pur-Config and the cell is different from the cell where pur-Config was provided:
3>	if pur-TimeAlignmentTimer is configured, indicate to lower layers that pur-TimeAlignmentTimer is released;
3>	release pur-Config;
3>	discard previously stored pur-Config;



[bookmark: OLE_LINK5]Observation 3: In LTE PUR, PUR configuration is released when the UE reselects a new cell based on cell reselection rule and initiates RRC connection resume procedure on this new cell.
Based on the above discussion, we propose the following for CG configuration release.
[bookmark: OLE_LINK1]Proposal 7: CG configuration for SDT is released when the following events occur: 
· Network indicates CG configuration release in RRCRelease message or SIB1 message (e.g. disable CG-based SDT in a cell);
· M consecutive CG allocations are skipped or failed
· Serving cell is changed, i.e. the UE reselects to a new cell and initiates RRC resume procedure on this new cell.
2.3 CG transmission
2.3.1 TA validation criterion
Based on WID, the CG-based scheme is used only when the UE has valid TA. It is still FFS how to consider TA as invalid. 
TAT for SDT
In RRC_CONNECTED, the UE considers the TA as invalid when the TAT is not running as shown below [4]. 
	[bookmark: _Toc29239826][bookmark: _Toc37296185][bookmark: _Toc46490311]5.2	Maintenance of Uplink Time Alignment
RRC configures the following parameters for the maintenance of UL time alignment:
-	timeAlignmentTimer (per TAG) which controls how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned.


For SDT in RRC_INACTIVE, we think that a dedicated SDT TAT shall be introduced and similar TA validation rule as for TAT in RRC_CONNECTED can be reused, i.e. the TA is invalid when the TAT for SDT is not running.
RSRP change
Another way to validate TA is via L3 RSRP change, which usually means that the UE has moved from its previous position. Such way of TA validation has been defined for LTE PUR as shown below [5].
	[bookmark: _Toc36566472][bookmark: _Toc36809881][bookmark: _Toc36846245][bookmark: _Toc36938898][bookmark: _Toc37081877][bookmark: _Toc46480502][bookmark: _Toc46481736][bookmark: _Toc46482970]5.3.3.19	Timing alignment validation for transmission using PUR
A UE shall consider the timing alignment value for transmission using PUR to be valid when all of the following conditions are fulfilled:
1>	if pur-TimeAlignmentTimer is configured:
2>	pur-TimeAlignmentTimer is running as confirmed by lower layers;
1>	if pur-RSRP-ChangeThreshold (pur-NRSRP-ChangeThreshold in NB-IoT) is configured:
2>	since the last TA validation, the serving cell RSRP has not increased by more than increaseThresh; and
2>	since the last TA validation, the serving cell RSRP has not decreased by more than decreaseThresh;



Since NR is a beam-based system, we should consider whether cell-specific RSRP or beam-specific RSRP should be used.
Based on the above analysis, we think TA shall be considered as invalid when the following events occur, similarly as in LTE PUR:
· Expiry of SDT-specific TAT configured by the network.
· RSRP change exceeding a threshold configured by the network. 
Proposal 8: TA can be deemed as invalid for SDT based on the following conditions: 
· Expiry of SDT-specific TAT configured by the network.
· RSRP change exceeding a threshold configured by the network. 
We think the network shall be able to choose which criterion is used for SDT, similarly as in LTE PUR.
Proposal 9: Network can configure which criterion (or both) is used for TA validation. 
2.3.2 PUR Retransmission aspects
In RRC_CONNECTED, if a new transmission fails, the retransmission can be performed and the retransmission for CG has been defined with two different schemes:
1. The retransmission is performed on a DG addressed to CS-RNTI. This is the scheme for R15 CG 
2. The retransmission is performed on a CG. This is the scheme applicable to NR-U. 
Considering that retransmission on CG has not been defined for licensed spectrum, we think it is both simplest and most efficient to rely on dynamic scheduling of SDT retransmissions, at least as a baseline.
Proposal 10: For CG-based scheme, SDT retransmission is performed by DG as a baseline. 
2.3.3 Subsequent UL transmission
In R17 SDT, an important new feature compared with legacy PUR is that we would support multiple subsequent UL and DL transmissions in RRC_INACTIVE, as we have reaffirmed in the last meeting. 
	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.  


For PUR, UE can only perform one UL new transmission while the UE is in RRC_INACITVE. For CG-based scheme, we also need to discuss how the subsequent UL is performed. For CG-based scheme, an important aspect is that the UE can perform UL transmission without receiving PDCCH scheduling the UL grant, which reduces signalling overhead and latency while the UE is waiting for UL grant. We think this advantage is also applicable for subsequent uplink that it benefits the UE and the network to transmit subsequent uplink on CG resources.
Proposal 11: After initial transmission with CG-based scheme, UE performs subsequent uplink new transmission on CG resources. 
2.3.4 HARQ Process ID determination
In CONNECTED mode, multiple HARQ IDs can be configured for a CG configuration to improve transmission efficiency. With multiple HARQ process ID, compared to a single ID, when the UE transmits with an HARQ process, the UE can transmit another TB using another HARQ process without waiting for the HARQ feedback for the initial one. This is beneficial to for subsequent uplink transmissions in SDT, i.e. the UE can transmit the small data as soon as possible by using multiple HARQ processes.
Proposal 12: Multiple HARQ process IDs can be configured for a CG configuration for SDT.
There are two ways to associate a CG occasion and HARQ Process ID. The first one is a formula as shown below as currently employed in R15 [4]. 
	For configured uplink grants neither configured with harq-ProcID-Offset2 nor with cg-RetransmissionTimer, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes
For configured uplink grants with harq-ProcID-Offset2, the HARQ Process ID associated with the first symbol of a UL transmission is derived from the following equation:
HARQ Process ID = [floor(CURRENT_symbol / periodicity)] modulo nrofHARQ-Processes + harq-ProcID-Offset2
where CURRENT_symbol = (SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8].


The second scheme, applicable to NR-U only, allows the UE to select the HARQ process ID by implementation for a CG occasion, and the HARQ process ID is then indicated to the network on the UCI transmitted by the CG occasion, as described below [4]. 
	For configured uplink grants configured with cg-RetransmissionTimer, the UE implementation select an HARQ Process ID among the HARQ process IDs available for the configured grant configuration. The UE shall prioritize retransmissions before initial transmissions. The UE shall toggle the NDI in the CG-UCI for new transmissions and not toggle the NDI in the CG-UCI in retransmissions.


 
Since the selection of HARQ process id based on time resource has less RAN1 impacts and we don’t have the UL LBT considerations that we have for CG in NR-U, we think HARQ process ID can be determined based on the timing of the CG resource by reusing the formula copied above. 
Proposal 13: Time domain location of CG resource is used to determine the HARQ process ID for each CG occasion for SDT (as in legacy specifications).
2.3.5 UL beam maintenance
In NR, beam operation is a critical feature. In RRC_CONNECTED, UL beam management is supported to always maintain an optimal UL beam. The network may trigger the UE to transmit SRS with different UL beams and measures all the SRS to determine the best UL beam, which can be subsequently indicated by the network for CG transmission. 
For SDT over RRC_INACTIVE, the question comes how to determine the UL beam for CG transmission in RRC_INACTIVE, e.g. whether UL beam management is introduced. From our point view there are three possible solutions to this issue:
· Option1: The network indicates the UL beam in the RRCRelease message according to the beam measurements from UE in RRC CONNECTED. In RRC INACTIVE, the UE uses the indicated UL beam for SDT. This is mainly applicable to the UEs which are rather stationary, e.g. for the smart meter scenario. 
· Option2: SRS configuration and transmission in INACTIVE is introdcued. On one hand, it causes higher power consumption, but on the other hand it may improve the performance of SDT. 
· Option3: UE determines the UL beam based on UE implementation, similar to RACH. 
As this is rather a RAN1 issue, we think it should be discussed by RAN1 and an LS should be sent asking RAN1 to analyze it.
Proposal 14: Send LS to RAN1 requesting them to determine the UL beam aspects for CG transmission. 
2.3.6 Power control aspects
Two types of power control schemes have been defined by RAN1: open loop and closed loop power control. For SDT, considering that both subsequent uplink new transmission and retransmission is supported, a closed loop power control is beneficial to improve subsequent transmission’s performance. However, which scheme is selected is rather a RAN1 issue and should be determined by RAN1.
Proposal 15: Send LS asking RAN1 to define power control mechanism for CG-based SDT.
2.4 CG response reception
2.4.1 CG response
After the UE transmits the CG, the next issue is how to receive the CG response. Four options are available:
· Option 1: define L1 ACK which is transmitted on PDCCH only. There is no PDSCH with or without TAC
· Option 2: define L2 ACK which is transmitted on PDSCH. The L2 ACK can be a TAC MAC CE.
· Option 3: define L3 ACK which is transmitted on PDSCH. The L3 ACK can be a RRC message, e.g. RRCRelease. 
· Option 4: uplink grant for retransmission
Both option 1 and option 2 can be applicable to the case when there is a subsequent transmission expected by the UE and there is no downlink data in response to the UE. The network can send a L1 ACK or L2 ACK to the UE for current uplink transmission without providing a dynamic grant, which would allow the UE to perform the subsequent uplink transmission using the next CG occasion of its SDT CG configuration. When the TA of the UE needs to be adjusted, the network should also be able to send TAC to the UE. Hence, Option 2 should also be supported such that in addition to uplink transmission acknowledgement, TAC can also be sent. Option 1 is more power efficient than option 2 due to the fact that the UE does not need to receive the PDSCH. However, option 1 has more RAN1 impact, and DCI content needs to be modified. 
With Option 3, after the network receives the small data multiplexed with RRC message, the network sends an RRCRelease message in response, to terminate the SDT when all small data have been transmitted. Option 4 can be applicable to the case when the uplink transmission fails and network schedules retransmission for CG. 
In LTE PUR, there is no subsequent uplink transmission to be performed on RRC_INACTIVE and both L1, L2 and L3 ACK are supported as shown below. 
	The procedure for transmission using PUR for the Control Plane CIoT EPS optimisation and for the Control Plane CIoT 5GS optimisation is illustrated in Figure 7.3d-2.


Figure 7.3d-2: Transmission using PUR for the Control Plane CIoT EPS/5GS Optimisations



Proposal 16: The network may provide the following response after receiving CG-based SDT UL transmission:
· L1 ACK with HARQ feedback
· L2 ACK with TAC MAC CE
· L3 ACK with RRC message
· Uplink grant for a retransmission
For L1 ACK, this potentially has RAN1 impacts and would need the involvement from RAN1. Hence, we should send an LS to inform RAN1 of this. 
Proposal 17: Send an LS to RAN1 on the support of L1 ACK with HARQ feedback.
2.4.2 DL Beam aspects
In RRC_CONNECTED, the UE always maintains a good DL beam for PDCCH reception by beam management procedure and beam failure recovery procedure. In beam management, the UE measures the SSB or CSI-RS and reports the measurement of good SSB or CSI-RS on configured PUCCH resource to the network. The network can update the PDCCH beam for CG response by sending a MAC CE including the QCL relation indication. If the beam failure on PDCCH beam occurs, beam failure recovery is triggered to select a new beam. 
For SDT over RRC_INACTIVE, we must take DL beam operation into account when considering CG response reception. The network needs to be aware of which DL beam it should use for CG response transmission. Four options are available:
· Option 1: before the UE initiates CG-based scheme, the UE checks whether the previous serving DL beam is good for CG response reception by estimating whether the RSRP is above a threshold. If the RSRP is above the threshold, the UE can transmit CG. Otherwise RA scheme is used. The UE selects a new DL beam based on the defined rule used for random access preamble transmission. Upon successful RA completion, the UE updates the serving DL beam for CG response to the DL beam used for Msg2 or Msg4 reception or for MSGB reception. 
· Option 2: the UE indicates the DL beam implicitly. Specifically, an association between the CG occasion and DL beam is configured to the UE. When CG-based scheme is initiated, the UE selects a DL beam with RSRP above the threshold and uses the CG occasion associated with this selected DL beam to transmit CG. This option is similar to association between SSB and random access resource.
· Option 3: DL beam ID is explicitly indicated in CG transmission by including a MAC CE or UCI. The UE transmits the DL beam information only when there is data to be transmitted.
· Option 4: both DL beam management for RRC_INACTIVE and beam failure recovery are supported as for RRC_CONNECTED. This option requires UE to report the measurement periodically even when there is no data to be transmitted which brings more power consumptions. The network indicates a DL beam used for CG response based on the measurement report. And if beam failure occurs, beam failure recovery is triggered to recover to a new candidate beam. Similar to the UL beam management we have mentioned above, for the smart meter application, the network can also indicate to the UE a suitable DL beam in CONNECTED for the UE to use in INACTIVE. 
All of the above options will have RAN1 impacts. In order not to overload RAN1, we think RAN2 should perform initial down-selection based on the expected SDT use cases and scenarios. Afterwards, an LS should be sent to RAN1 to request them to work on the details of the selected approach.
Proposal 18: RAN2 to discuss which option is adopted for DL beam management for CG-based scheme
· Option 1: before the UE initiates CG-based scheme, the UE checks whether the previous serving DL beam is good for CG response reception. If the previous serving DL beam is available, the UE transmits CG. Otherwise the UE uses RA.
· Option 2: the UE indicate the DL beam implicitly. The association between the CG occasion and DL beam is configured.
· Option 3: DL beam ID is explicitly indicated in CG transmission via MAC CE or UCI. 
· Option 4: both DL beam management and beam failure recovery for RRC_INACTIVE are supported as in RRC_CONNECTED.
2.4.3 CORESET and Search space
In order to receive the DCI for CG response, both CORESET and search space for SDT need to be defined. The following issues should be addressed. 
1. Whether dedicated or common configuration is used?
2. What parameters are included in the configuration?
However this work shall be done by RAN1. In LTE PUR, a dedicated search space has been defined as shown below [4].
	PUR-MPDCCH-Config-r16 ::=		SEQUENCE {
	mpdcch-FreqHopping-r16			BOOLEAN,
	mpdcch-Narrowband-r16			INTEGER (1..maxAvailNarrowBands-r13),
	mpdcch-PRB-PairsConfig-r16		SEQUENCE{
		numberPRB-Pairs-r16				ENUMERATED {n2, n4, n6, spare1},
		resourceBlockAssignment-r16		BIT STRING (SIZE(4))
	},
	mpdcch-NumRepetition-r16		ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128, r256},
	mpdcch-StartSF-UESS-r16			CHOICE {
		fdd								ENUMERATED {v1, v1dot5, v2, v2dot5, v4, v5, v8, v10},
		tdd							ENUMERATED {v1, v2, v4, v5, v8, v10, v20, spare1}
	},
	mpdcch-Offset-PUR-SS-r16	ENUMERATED {zero, oneEighth, oneQuarter,
											threeEighth, oneHalf, fiveEighth,
											threeQuarter, sevenEighth}}


Observation 4: In LTE PUR, a dedicated search space has been defined.
We think a LS shall be sent to RAN1 to request them to define how the UE should receive the DCI for CG response.
Proposal 19: Send an LS to RAN1 to ask them to determine the CORESET and search space for CG response.
2.4.4 RNTI for PDCCH reception
For DCI reception, an RNTI is needed for the UE to identify the transmission. In RRC_CONNECTED, there is a UE-specific RNTI (e.g. C-RNTI or CS-RNTI) for PDCCH reception for HARQ process configured with configured grant. When the initial transmission is performed on CG, the retransmission can be scheduled by an uplink grant for CS-RNTI. The initial transmission cannot be scheduled by uplink grant for CS-RNTI. If there is any new data to be dynamically scheduled, an uplink grant for C-RNTI is used.
When the UE goes to RRC_INACTIVE, the dedicated RNTI previously used in RRC_CONNECTED becomes invalid and C-RNTI is only used for deriving the shortMAC-I for security validation. It is unclear what RNTI is used for CG response reception for SDT. There are two options available:
· Option 1: common RNTI;
· Option 2: UE-specific RNTI.
Option 1 is similar to RA-RNTI. CG response for multiple UEs can be multiplexed into a single MAC PDU. In that case, an ID to differentiate the UE shall be included in the PDU. It can be beneficial to improve resource efficiency via multiplexing multiple responses into a single MAC PDU if the CG response is small, e.g. L2 ACK. Option 2 is similar to the scheduling for C-RNTI in RRC_CONNECTED. This option is more beneficial for the following cases:
· Case 1: the DL message, i.e. CG response with L3 ACK, is large; In this case a downlink assignment for UE-specific RNTI should be allocated to receive the CG response with L3 ACK.
· [bookmark: OLE_LINK7]Case 2: there is a subsequent uplink transmission. In this case an uplink grant for UE-specific RNTI should be allocated to transmit the subsequent uplink data.
· Case 3: DG-based retransmission. In that case an uplink grant for UE-specific RNTI should be allocated to transmit the retransmission.
In case UE-specific RNTI is used, another issue needs to be addressed, i.e. whether the same UE-specific RNTI is used for uplink grant for both subsequent transmission and retransmission.
In LTE PUR, option 2 was introduced and a PUR-RNTI has been defined for the response of PUR as shown below [4].
	[bookmark: _Toc37256233][bookmark: _Toc37256387][bookmark: _Toc46500326][bookmark: _Hlk34724908]5.4.7.1	Transmission using PUR
Transmission using PUR is initiated by the RRC layer. When transmission using PUR is initiated, RRC layer provides MAC with the following information:
-	PUR-RNTI;
-	Duration of PUR response window pur-ResponseWindowSize;
-	UL grant information.


Observation 5: In LTE PUR, a dedicated RNTI has been defined.
Proposal 20: Ask RAN1 to determine whether to use UE-specific RNTI for PDCCH reception for CG response.
2.5 General procedure for CG-based scheme
A general procedure for SDT over RRC_INACTIVE comprises the following steps as shown in Figure 1. We provide a text proposal for stage 2 procedure for CG-based scheme in the annex. In the following subsections, we further discuss each step for the CG-based scheme in details.



Figure 1: procedure for CG-based scheme
1. The UE sends a CG configuration request to network providing information about requested CG resource when the UE is in RRC_CONNECTED.
2. The network includes the CG configuration in RRCRelease message sent to the UE.
3. The UE transmits RRCResumeRequest and uplink data using the CG configuration when both CG resource and TA are valid.
4. The network responds to the UE with a CG feedback, e.g. L1 ACK or L2 ACK or L3 ACK as mentioned above. The DL data can be optionally transmitted with the CG feedback.
5. The UE sends the subsequent transmission to network if any. 
6. The network responds with a feedback for the subsequent transmission.

Proposal 21: Adopt the text proposal in the Annex for the stage2 description for CG-based scheme
3. Summary of potential RAN1 impacts
Based on the above discussion, we provide a table for potential RAN1 impacts as a summary.
	
	Feature 
	Potential RAN1 impact

	1
	Dedicated CG vs shared CG
	whether to support dedicated CG (separated T/F resource or shared T/F resource with different DMRS configurations) and shared CG between UEs.

	2
	UL beam aspect
	UL beam determination for CG transmission when the UE is moving.

	3
	DL beam aspect
	DL beam determination for CG response when the UE is moving.
· Option 1: use last serving beam
· Option 2: indicated by CG occasion implicitly due to have preconfigured with association between CG occasion and SSB
· Option 3: SSB index indicated in CG transmission explicitly
· Option 4: beam management 

	4
	CORESET and Search Space
	CORESET and Search space for CG response

	5
	RNTI
	RNTI for PDCCH monitoring of CG response

	6
	Power control
	Open loop or close loop power control for CG transmission 

	7
	L1 ACK
	New DCI content



4. Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals: 
Observation 1: in LTE PUR, PUR configuration request has been defined for network to determine a proper PUR configuration.
Observation 2: In LTE PUR, PUR configuration is released when a number of consecutive PUR occasions is skipped.
Observation 3: In LTE PUR, PUR configuration is released when the UE reselects a new cell based on cell reselection rule and initiates RRC connection resume procedure on this new cell.
Observation 4: In LTE PUR, a dedicated search space has been defined.
Observation 5: In LTE PUR, a dedicated RNTI has been defined.

Proposal 1: The UE can indicate to the gNB that it is interested in being configured with CG resource for SDT over RRC_INACTIVE by sending a request message providing information about requested CG resource (e.g. number of occurrences, periodicity, time offset and TBS) when the UE is in RRC_CONNECTED. 
Proposal 2: CG configuration for SDT is provided by RRCRelease with suspend configuration. 
Proposal 3: Both dedicated CG and shared CG configurations are supported for SDT. 
Proposal 4: Send LS to ask RAN1 on whether it is feasible to allocate dedicated CG resources (i.e. share T/F but differentiated on DMRS port) or shared CG resources.
Proposal 5: RAN2 to consider whether to configure the CG configuration for multiple cells. 
Proposal 6: Multiple active CG configurations for SDT can be supported for a UL carrier. 
Proposal 7: CG configuration for SDT is released when the following events occur: 
· Network indicates CG configuration release in RRCRelease message or SIB1 message;
· M consecutive CG allocations are skipped or failed
· Serving cell is changed, i.e. the UE reselects to a new cell and initiates RRC resume procedure on this new cell.
Proposal 8: TA can be deemed as invalid for SDT based on the following conditions: 
· Expiry of SDT-specific TAT configured by the network.
· RSRP change exceeding a threshold configured by the network. 
Proposal 9: Network can configure which criterion (or both) is used for TA validation. 
Proposal 10: For CG-based scheme, SDT retransmission is performed by DG as a baseline. 
Proposal 11: After initial transmission with CG-based scheme, UE performs subsequent uplink new transmission on CG resources. 
Proposal 12: Multiple HARQ process IDs can be configured for a CG configuration for SDT.
Proposal 13: Time domain location of CG resource is used to determine the HARQ process ID for each CG occasion for SDT.
Proposal 14: Send LS to RAN1 to determine the UL beam aspects for CG transmission. 
Proposal 15: Send LS asking RAN1 to define power control mechanism for CG-based SDT.
Proposal 16: The network may provide the following response after receiving CG-based SDT UL transmission:
· [bookmark: _GoBack]L1 ACK with HARQ feedback
· L2 ACK with TAC MAC CE
· L3 ACK with RRC message
· Uplink grant for a retransmission
Proposal 17: Send an LS to RAN1 on the support of L1 ACK with HARQ feedback.
Proposal 18: RAN2 to discuss which option is adopted for DL beam management for CG-based scheme
· Option 1: before the UE initiates CG-based scheme, the UE checks whether the previous serving DL beam is good for CG response reception. If the previous serving DL beam is available, the UE transmits CG. Otherwise the UE uses RA.
· Option 2: the UE indicate the DL beam implicitly. The association between the CG occasion and DL beam is configured.
· Option 3: DL beam ID is explicitly indicated in CG transmission via MAC CE or UCI. 
Option 4: both DL beam management and beam failure recovery for RRC_INACTIVE are supported as in RRC_CONNECTED.
Proposal 19: Send an LS to RAN1 to ask them to determine the CORESET and search space for CG response.
Proposal 20: Ask RAN1 to determine whether to use UE-specific RNTI for PDCCH reception for CG response.
Proposal 21: Adopt the text proposal in the Annex for the stage2 description for CG-based scheme
5. Reference 
[1] RP-193252 Work Item on NR smalldata transmissions in INACTIVE state
[2] RAN2#111-e chairman note
[3] R2-xxxxx common aspects for CG-based scheme and RACH-based scheme
[4] TS 36.321, v16.0.1
[5] TS 36.331, v16.0.1 Radio Resource Control Protocol, 3GPP, v16.0.1
[6] TS 36.300, v16.0.1
6. Annex: Text proposal
X.Y.Z CG-based scheme for SDT
The procedure for CG-based scheme for SDT over RRC_INACTTIVE is illustrated in Figure x.y.z.


Figure x.y.z: procedure for CG-based scheme
1. The UE can send a CG configuration request to network providing information about requested CG resource when the UE is in RRC_CONNECTED.
2. The network includes the CG configuration in RRCRelease message sent to the UE.
3. The UE transmits RRCResumeRequest and uplink data using the CG configuration when both CG resource and TA are valid.
4. The network responds to the UE with a CG feedback, e.g. L1 ACK or L2 ACK or L3 ACK. The DL data can be optionally transmitted with the CG feedback.
5. The UE sends the subsequent transmission to network if any. 
6. The network responds with a feedback for the subsequent transmission.
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