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1	Introduction
This contribution discusses the following aspects related to small data transmission (SDT) from UEs in RRC inactive state: 
· SSB to CG PUSCH mapping and CG PUSCH resource configuration
· Power control of CG PUSCH for SDT
· TA validation and configuration for CG based SDT
2	Discussions
2.1 	SSB to CG PUSCH mapping and CG PUSCH resource configuration
2.1.1	SSB to CG PUSCH mapping
During the previous RAN1 meetings, the following agreements have been made on SSB to CG PUSCH resource mapping:
	Agreement (RAN1 #104-e):
· CG resources per CG configuration are associated with a set of SSB(s) configured by explicit signalling.
· FFS how to define an SSB-to-PUSCH resource mapping within the CG configuration.
· FFS specific changes to the CG configuration to support the additional SSB-to-PUSCH mapping, if any.
Agreement (RAN1 #105-e):
· The SSB-to-PUSCH resource mapping within the CG configuration is implicitly defined.
· The ordering of the SSB and CG PUSCH resources are to be captured in RAN1 spec.
· A PUSCH resource refers to a transmission occasion and a DMRS resource used for PUSCH transmission
· The ordering of the SSB can reuse from the SSB-to-RO mapping
· The ordering of CG PUSCH resources can reuse from that of MsgA PUSCH as much as possible
· FFS determination of mapping ratio and association period, e.g., explicitly signaled or implicitly derived
· FFS any limitation on the combination of the parameters for CG resources

Agreement (RAN1 #106-e):
· Each N of consecutive SSB indexes associated to one CG configuration are mapped to valid CG PUSCH resources
· first, in increasing order of DMRS resource indexes, where a DMRS resource index DMRSid is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index
· second, in increasing order of CG period indexes in the association period
· The mapping ratio N is explicitly signalled and the association period is implicitly derived
· FFS candidate value set of mapping ratio, and whether it is configured per CG configuration or per cell
· The SSB to CG PUSCH association period is the duration of multiple of CG periods depending the smallest time duration in the set determined by the CG period such that all SSBs associated with the CG configuration are mapped at least once to CG PUSCH resources.
· An association pattern period includes one or more association periods and is determined so that a pattern between CG PUSCH occasions and SS/PBCH block indexes associated with the CG configuration repeats at most every 640 msec.
· Note: The mapping ordering and steps may be revisited if multiple CG PUSCH occasions in one CG period is supported

Agreement (RAN1 #106-bis-e):
When SSB set indication is absent, UE assumes the SSB set includes all actually transmitted SSBs configured by SIB1.
· Mapping ratio of SSB to CG PUSCH is configured per CG configuration.
· FFS whether to restrict the same value for all CG configuration and/or allow different value for different CG configurations.
· For the candidate value set of SSB to CG PUSCH mapping ratio, support at least {1, 2, 4, 8, 16}
· FFS {1/8,1/4,1/2}



As seen above, one of the FFSs from RAN1#106-bis-e is whether the value set of SSB to CG PUSCH mapping ratio should also include the values {1/8,1/4,1/2}. In our view, the values of the mapping ratio can be the same as that for SSB to RO mapping, which is given by the first part of ssb-perRACH-OccasionAndCB-PreamblesPerSSB parameter. In other words, SSB to CG PUSCH mapping ratio should include the values {1/8,1/4,1/2}. Including these values also gives additional flexibility for the network to map each SSB to multiple CG PUSCH occasions if needed. With regards to the FFS on whether to restrict the same value for all CG configurations or to allow different values for different CG configurations, there is no strong reason to restrict the same value for all PUSCH configurations in our view. 
[bookmark: _Toc87060132]For the candidate value set of SSB to CG PUSCH mapping ratio, support the values {1/8,1/4,1/2}
[bookmark: _Toc87060133]Allow different SSB to CG PUSCH mapping ratio for different CG-SDT configurations.
Another open issue is related to SSB to CG PUSCH association period candidate values, which is defined as follows based on the agreement in RAN1#106-e:
	· The SSB to CG PUSCH association period is the duration of multiple of CG periods depending the smallest time duration in the set determined by the CG period such that all SSBs associated with the CG configuration are mapped at least once to CG PUSCH resources.




In Table 8.1-1 of TS 38.213 (copied below [1]), the SSB to RO association period candidate values are a multiple of PRACH configuration periods. Similarly, a mapping between CG period and SSB to CG PUSCH association period needs to be defined in a table, such that the SSB to CG PUSCH association period candidate values can be determined based on CG periods.
Table 8.1-1 in 38.213: Mapping between PRACH configuration period and SS/PBCH block to PRACH occasion association period
	PRACH configuration period (msec)
	Association period (number of PRACH configuration periods)

	10
	{1, 2, 4, 8, 16}

	20
	{1, 2, 4, 8}

	40
	{1, 2, 4}

	80
	{1, 2}

	160
	{1}



In current specification, candidate CG period values for CG Type 1 PUSCH are considerably more than the candidate PRACH configuration period values. For less than 5 ms, the CG period values (given by the parameter periodicity [2]) can be 0.125, 0.25, 0.5, 0.625, 1, 2, 4 ms or less than 1 slot (1/6 slot, 1/7slot, or 1/2 slot) depending on the subcarrier spacing. However, it is not clear to us the no need for CG-SDT period to be very small values, e.g., less than 5 ms. If the traffic profile demands such configuration of CG-SDT period, it is better that UE is configured with CG Type 1/Type 2 PUSCH in connected state, rather that CG-SDT in inactive state. Therefore, it is imperative that RAN2 discuss and provide feedback to RAN1 on whether the CG period values for SDT should be the same as those defined for CG Type 1 PUSCH. 

	periodicity
Periodicity for UL transmission without UL grant for type 1 and type 2 (see TS 38.321 [3], clause 5.8.2).
The following periodicities are supported depending on the configured subcarrier spacing [symbols]:
· 15 kHz: 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}
· 30 kHz: 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 640, 1280}
· 60 kHz with normal CP: 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
· 60 kHz with ECP: 2, 6, n*12, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1280, 2560}
· 120 kHz: 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120}


Considering the above and considering that the SSB to CG PUSCH association period should be no less than the minimum SSB period (5 ms) and no larger than 640 ms (as agreed during RAN1 #106-e), the set of candidate values for SSB to CG PUSCH association period can be defined as in Table 1 below.
Table 1: Mapping between CG period and SS/PBCH block to CG PUSCH resource association period
	CG period  (msec)
	Association period (number of CG periods except when CG period is less than 5 ms)

	<5
	FFS

	5
	{1, 2, 4, 8,16, 32, 64, 128}

	8
	{1, 2, 4, 5, 8, 10, 16, 20, 40, 80}

	10
	{1, 2, 4, 8,16, 32, 64}

	16
	{1, 2, 4, 5, 8,10,20,40}

	20
	{1, 2, 4, 8,16, 32}

	32
	{1, 2, 4, 5, 10, 20}

	40
	{1, 2, 4, 8, 16}

	64
	{1, 2, 5, 10}

	80
	{1, 2, 4, 8}

	128
	{1, 5}

	160
	{1, 2, 4}

	320
	{1, 2}

	640
	{1}



[bookmark: _Toc87060134]If the CG period values for SDT are the same as those defined for CG Type 1 PUSCH, the candidate values of SSB to CG PUSCH association period is defined similar to the candidate values of SSB to RO association period according to Table 1. 

[bookmark: _Toc87060135]RAN1 to send LS to RAN2 asking RAN2 to provide feedback regarding whether or not the period values for CG-SDT are the same as those defined for CG Type 1 PUSCH. RAN1 to design the SSB to CG PUSCH association period for SDT based on the feedback from RAN2.
When multiple CG configurations are provided, different SSB to CG PUSCH association periods may be derived, for e.g., when different CG configurations have different CG periods. The SSB to CG PUSCH mapping is performed for each CG configuration independently. In this case, if the different CG configurations are associated with the same PUSCH resource, the UL data associated with the CG configuration with the highest priority can be transmitted on the PUSCH resource, while the UL data associated with the other CG configurations can be discarded/postponed. There can also be cases where the same PUSCH resource is associated with different SSBs for different CG configurations. Therefore, additional information may be required for the gNB to determine the SSB associated with the UL data received on this PUSCH resource. Therefore, together with the data payload, additional information (e.g., service type, CG configuration ID of the associated UL data transmission, SSB ID) can be also transmitted from the UE to help the gNB with the information on the SSB associated with this UL data transmission.
[bookmark: _Toc87060136]When multiple CG PUSCH configurations are provided, additional information from the UE can be provided to the gNB to determine the SSB associated with the UL data received on an overlapping PUSCH resource associated with multiple CG configurations.
2.1.2	CG PUSCH configuration and resource validation
The CG PUSCH resource allocation in RRC inactive can be similar to CG Type 1 PUSCH resource allocation in RRC connected state, except that the TDRA list in the dedicated RRC signaling is not available for the UE and it needs to be configured in the RRC release message. 
When multiple TDRA tables are defined, which one to select for CG PUSCH transmission in RRC inactive state can be determined based on a predetermined rule. More specifically, if a TDRA table is provided in the RRC release message, the UE should select the table provided in the RRC release message, else if a TDRA table is provided in the pusch-ConfigCommon message, the UE selects the table defined in pusch-ConfigCommon, else the UE selects the default table.
[bookmark: _Toc87060137]A UE specific TDRA list for CG PUSCH resource allocation in RRC inactive state should be configured in the RRC release message. Which TDRA list or table to select for CG-SDT can be based on predetermined rules when multiple TDRA lists, or tables are available.
If the CG-SDT PUSCH resource is configured similar to CG Type 1 PUSCH resource, multiple CG PUSCH resources per CG period can be configured on top of the first PUSCH occasion determined by the TDRA. The multiple CG PUSCH resources can include multiple DMRS resources and a number of PUSCH occasions, which can be TDM-ed and/or FDM-ed with the first PUSCH occasion.
For the Rel-16 2-step RACH, multiple PUSCH occasions can be configured for MsgA PUSCH. Similarly, multiple CG PUSCH occasions may be configured per CG period for CG-SDT. Also, the number of CG PUSCH occasions that are TDM-ed or FDM-ed may be configured independently.
[bookmark: _Toc87060138]Multiple CG PUSCH occasions in time and/or frequency domain can be configured per CG period for CG-SDT in RRC inactive state.
In one CG PUSCH occasion, multiple PUSCH resources can be configured. In RAN1 #106-e and RAN1#106-bis-e, following agreements were made with regards to the DMRS configuration and with regards to whether multiple layer PUSCH transmission is supported for CG-SDT:
	Agreement
Support multiple DMRS resources per CG configuration when single layer PUSCH transmission is assumed, and each DMRS resource could be mapped to the same or different SSB(s)
· FFS if multi-layer PUSCH transmission is supported for CG-SDT
· FFS any limitation on the DMRS configuration if multiple CG PUSCH occasions per CG period is supported

Agreement
For CG-SDT, the UE can assume the PDCCH carrying the DCI has the same DM-RS antenna port quasi co-location properties as for a SSB associated to the CG PUSCH transmission e.g. for detection of retransmission DCI in response to a CG PUSCH transmission.

Agreement
Multi-layer PUSCH transmission is not supported for CG-SDT.



Multiple DMRS resources can be configured per CG configuration in the RRC release message, and each DMRS resource can be mapped to one or multiple SSBs. The DMRS configuration can be independent from (multiple) CG PUSCH occasion configurations in each CG period, and it can be up to the network to decide how many PUSCH occasions and/or DMRS resources should be configured.
[bookmark: _Toc87060139]DMRS configuration can be independent from the configurations of multiple CG PUSCH occasions.
Another open issue is regarding the validation of CG PUSCH resource, related to which following agreements have been made in RAN1:
	Agreement
· The following PUSCH occasion validation rule is applied for CG-SDT
· for unpaired spectrum and for SS/PBCH blocks with indexes provided by ssb-PositionsInBurst in SIB1 or by ServingCellConfigCommon
· if a UE is provided tdd-UL-DL-ConfigurationCommon, the valid PO is the PO in UL part in a slot, or at least Ngap symbols after the end of the DL part in a slot or after the end of the SSB in a slot
· if a UE is not provided tdd-UL-DL-ConfigurationCommon, the valid PO does not precede a SS/PBCH block in the PUSCH slot, starts at least Ngap symbols after a last SS/PBCH block symbol 
· Ngap is provided in Table 8.1-2 in TS 38.213
· FFS if any validation rule following the CG-PUSCH in RRC connected state is applicable, and whether and how to handle the overlapping between CG-PUSCH occasions for CG-SDT and any valid PRACH occasion or MsgA PUSCH occasion.
· FFS the rule for paired spectrum, and whether/how to support CG-SDT for UEs operating in Type-A HD-FDD.

Agreement
A CG PUSCH occasion is not valid if it overlaps with any valid PRACH occasion.
· FFS overlapping between CG PUSCH occasions and MsgA PUSCH occasion



With regards to “FFS overlapping between CG PUSCH occasions and MsgA PUSCH occasion”, our view is that CG PUSCH occasion is not valid if it overlaps with MsgA PUSCH at least for CBRA of 2-step RA type.
[bookmark: _Toc87060140]A CG PUSCH occasion is not valid if it overlaps with MsgA PUSCH occasion at least for CBRA. 
Unlike CG Type 1 PUSCH transmission in RRC connected state, CG-SDT PUSCH transmission in RRC inactive state has neither dedicated TDD uplink-downlink configuration nor dynamic SFI. So, CG-SDT PUSCH doesn’t have to follow the validation rules of CG Type 1 PUSCH. In Rel-15, only the uplink symbols of CG PUSCH in RRC connected state are allowed for transmission, and the flexible symbols must be changed to be uplink. In Rel-16, however, if enableConfiguredUL is provided, CG PUSCH can be transmitted directly on flexible symbols. 
If CG-SDT is only allowed in uplink symbols/slots, additional TDD uplink-downlink configuration specifically for the UE may be needed for the case when all slots are flexible, e.g., when the cell specific TDD uplink-downlink configuration is not provided. To solve this issue, CG-SDT can be allowed to be transmitted on both flexible and uplink slots and/or symbols. For example, enableConfiguredUL can be configured in the RRC release message so that CG-SDT can be allowed in the flexible symbols.
[bookmark: _Toc87060141]Further discuss in RAN1 on whether CG-SDT in RRC inactive state is allowed on flexible symbols.
[bookmark: _Toc87060142]If CG-SDT is only allowed in uplink symbols, additional UE specific TDD uplink-downlink configuration should be supported in the RRC release message.
[bookmark: _Toc87060143]To support CG-SDT in flexible symbols, enableConfiguredUL can be configured in the RRC release message.
Regarding whether validation rules are needed specifically for paired spectrum, the following conclusion was made during RAN1#106-bis-e:
	Conclusion:
No need to define UL/DL pattern type of validation rule specific for paired spectrum at least for non-RedCap UEs.
· FFS the case for RedCap UEs



Regarding the validation rule for RedCap UEs operating in Type-A HD FDD mode, it can be up to the UE/network implementation to make sure that the CG-SDT PUSCH occasions for the SSB to CG PUSCH mapping are valid.
[bookmark: _Toc87060144]There is no need to define validation rules for CG PUSCH for paired spectrum for RedCap UEs operating in Type-A HD FDD mode.
2.2	Power control of CG PUSCH for SDT
For the power control of CG-SDT PUSCH transmission, the RS (reference signal) for pathloss estimation should be the DL RS associated with the CG PUSCH. This helps to derive a more accurate pathloss estimation based on the measurement on the suitable SSB beam. To this end, the following agreement was made during RAN1#106-bis-e:
	Agreement
The pathloss for CG-SDT PUSCH power control can be determined by the measurement of selected SSB associated with the CG PUSCH.



In Rel-15 and Rel-16, the PUSCH resource selection is not associated with SSB, and the power control of PUSCH is not associated with the PUSCH resource selection. But for CG-SDT PUSCH, the resource selection is associated with the selected SSB. Now, if the selected SSB index is changed, whether the power control of PUSCH should be suspended or whether the RS for pathloss estimation should be changed need some further discussion.
If the SSB beam selected for CG-SDT PUSCH resource selection is changed, the TPC accumulation should be suspended for the power control of PUSCH. For example, when the SSB beam is changed, the UE should assume that there is no TPC accumulation, and only absolute TPC command is used, i.e.,  is the PUSCH power control adjustment state for active UL BWP  of carrier  of serving cell  and PUSCH transmission occasion  if the SSB index selected for CG-SDT PUSCH resource selection is changed, where  denotes the absolute values as given in Table 7.1.1-1 of 38.213. RAN1 should also discuss whether TPC command can be received in DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI for CG-SDT in inactive state.
[bookmark: _Toc87060145]If the SSB beam selected for CG-SDT PUSCH resource selection is changed, the TPC accumulation for the power control of CG PUSCH should be suspended.
[bookmark: _Toc87060146]RAN1 to discuss whether TPC command can be received in DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI for CG-SDT in inactive state.

Furthermore, in Rel-15 and Rel-16, most of the power control parameters for PUSCH is determined by dedicated RRC signalling when the UE is in RRC connected state. For CG-SDT in RRC inactive state, RAN1 should discuss the UE-specific parameters that can be configured for the power control of CG PUSCH. 
[bookmark: _Toc87060147]RAN1 to discuss the UE-specific power control parameters for CG-SDT in RRC inactive state.
2.3	TA validation and TA configuration during CG based SDT
2.3.1	RSRP based TA validation
During RAN1#105-e, the following agreement was made with respect to TA validation for CG-SDT. 
	[bookmark: _2.2.1_RSRP_change]Agreement:
· The SSB subset for RSRP based TA validation is determined at least based on a configured absolute RSRP threshold.
· FFS the SSB subset which could be
· within a set of SSBs configured per CG configuration
· or within a set of SSBs configured for all CG configurations
· or within a set of all SSBs actually transmitted as indicated in SIB1.
· or highest N SSBs that are measured to derive the subset for a UE across all CG configurations


As can be seen above, the change in RSRP for RSRP based TA validation should be calculated based on a subset of SSBs, which is determined based on the configured absolute RSRP threshold. With regards to the SSB subset determination, RAN1 could not reach any consensus to down-select between any of the options, and as a result, the following conclusion and agreement were made during RAN1 #106-e.
	Conclusion
RAN1 cannot reach consensus on the following options for the SSB subset for RSRP based TA validation. Ask RAN2 if they can do the down-selection.
1. Option 1: Within a set of SSBs configured per CG configuration
1. Option 2: Within a set of SSBs configured for all CG configurations
1. Option 3: Within a set of all SSBs actually transmitted as indicated in SIB1
1. Option 4: Highest N SSBs of all SSBs actually transmitted as indicated in SIB1

Agreement:
LS to RAN2 on LS on the TA validation and mapping details for CG-SDT is endorsed in R1-2108649.


In our view, since the SSB to CG PUSCH mapping is per CG PUSCH configuration, the SSB subset should be among the set of SSBs configured per CG PUSCH configuration.
[bookmark: _Toc87060148]SSB subset for RSRP based TA validation is within a set of SSBs per CG PUSCH configuration.
[bookmark: _Hlk71481803]The RSRP change can calculated as the difference between two RSRP values calculated at two different time instances—the time instant when the UE receives the latest TAC from the network (e.g., in the RRC release message) and the time instant when the UE determines TA validation before the start of the CG PUSCH transmission.
[bookmark: _Toc87060149]RSRP change can calculated as the difference between RSRP calculated at the time instant when the UE receives the latest TAC from the network and the RSRP calculated at the time instant when UE determines TA validation for CG-SDT.
An RSRP change threshold together with the time alignment timer (TAT) should also be defined to determine whether the TA is valid or not. The RSRP change threshold and the TAT are included in the CG-SDT configuration, as per the agreement in RAN2 during RAN2#115-e. 
	[…]
8.	From RAN2 perspective, at least the following parameters should be included in the CG-SDT configuration. FFS whether these parameters are common for multiple CG-SDT configurations or per CG-SDT configuration.
· The new TA timer in RRC_INACTIVE;
· The RSRP change threshold for TA validation mechanism in SDT (details dependent on RAN1);
· The SSB RSRP threshold for beam selection (i.e. UE selects the beam and associated CG resource for data transmission).



With regards to whether the RSRP change threshold and the TAT should be defined per CG configuration or per UE, the following agreement was made in RAN2 during RAN2#116-e [3]:
	[…]
11.	The following CG-SDT configurations are per UE:
	The new TA timer in RRC_INACTIVE
	The RSRP change threshold for TA validation mechanism in SDT
	The SSB RSRP threshold for beam selection



2.3.2	TDOA based TA validation
The main issue with RSRP based TA validation is that it is not very robust. One reason for this is that RAN4 requirements on absolute accuracy of RSRP measurements is rather relaxed (cf. Section 10.1.2/10.1.3 in TS 38.133), which would impact the reliability of RSRP based TA validation.  Therefore, on top of the TA validation mechanisms based on RSRP and TAT, another TA validation mechanism based on the received time difference of arrival (TDOA) would be beneficial. This makes the TA validation more reliable, which is especially important in FR2 where the RSRP (or SSB beam) change may not reflect the actual movement of the UE (e.g., only the orientation of the UE may be changed).
Compared to RSRP based TA validation, the TDOA based TA validation is more reliable. This is because TDOA change (based on the first detected path) better reflects the actual change in the propagation delay than the RSRP change. Furthermore, TDOA based TA validation may be less complex and more power efficient as it is based on the timing detection of DL reference signals. If TDOA based TA validation is used, the UE may not need to perform dedicated RSRP measurements on the subset of SSBs configured for RSRP based TA validation, which makes the TA validation procedure both faster and power efficient. Note that power efficiency is crucial especially for RedCap devices, which are more likely to be configured with CG-SDT. It is also advantageous to configure the UE with both RSRP based and TDOA based TA validation mechanisms as it improves the reliability of the TA validation even more. 
The TDOA based TA validation can be enabled by using the SFN and frame timing difference (SFTD) measurements, which is already supported in Rel-16 and is used to determine the time offset between the serving cell and other network nodes (e.g., serving neighboring cells). In more detail, the UE would perform SFTD measurements for the configured cell pairs at multiple time instances (e.g., at the time instant when the UE receives the latest TAC and at the time instant when UE determines TA validation) and calculate the maximum change in SFTD detected across the measured cell pairs. If the SFTD change is greater than X µs, the UE would determine the TA as invalid, and otherwise, as valid. Here, X is the SFTD change threshold, which can be configured by the network. The value of X may be provided in the CG-SDT configuration.
Based on the above considerations, we propose the following:
[bookmark: _Toc87060150]In addition to the RSRP and TAT based TA validation mechanisms, support TDOA based TA validation based on SFTD measurements for CG- SDT in RRC inactive state.
[bookmark: _Hlk78749552]In RRC connected state, there will be frequent UL transmissions and DL receptions between the UE and the gNB. This gives the possibility to estimate the TA at the gNB more accurately and adjust the TA at the UE more frequently. However, for CG-SDT in RRC inactive state, the gNB does not have the same control over the UE’s TA as in RRC connected state. Furthermore, in CG-SDT, after the UE receives the RRC release message in RRC connected state and before the first CG PUSCH transmission in RRC inactive state, there is no possibility for the gNB to estimate and update the TA. In other words, the gNB is not able to transmit an accurate TA adjustment after the RRC release and before the first CG PUSCH transmission. A more recent TA, instead of the older TA that was used in RRC connected state, is preferred for CG-SDT in RRC inactive state. Therefore, the TA based on the latest UL transmissions from the UE before RRC release can be provided in the RRC release message. Thus, a more accurate TA can be used for first CG PUSCH transmission. 
[bookmark: _Toc87060151]The TA based on the latest UL transmissions in the RRC connected state should be provided in the RRC release message as the initial TA to be used for CG PUSCH transmission in RRC inactive state.
The TA granularity depends on the subcarrier spacings of the BWPs used for CG-SDT. The BWP used for CG-SDT is the initial UL BWP (as agreed in RAN2). Note that RAN1 could not reach a consensus in RAN1#106-bis-e on whether CG-SDT can be configured on a separate SDT BWP.
	Agreements [RAN2]
[...]
5.	CG-SDT resource can be configured on either initial BWP or separate SDT BWP.  Ask RAN1 to confirm

Conclusion [RAN1]
· RAN1 cannot reach a consensus on whether to confirm RAN2 agreement that CG-SDT resource can be configured on separate SDT BWP.
· Capture the following in the LS: the concern is on the necessity.



Therefore, the TA for CG-SDT should be relative to the subcarrier spacing of the initial UL BWP.
[bookmark: _Toc87060152]The TA for CG-SDT should be relative to the subcarrier spacing of the initial UL BWP for CG-SDT.
With regards to the TA offset, the TA offset in a serving cell may not be available after the UE enters RRC inactive state, if the TA offset is configured UE-specifically for the serving cell (e.g., in the case of carrier aggregation). In this case, whether the default TA offset should be used or a TA offset should be provided in the RRC release message needs to be resolved in order to avoid misunderstanding between the UE and the gNB. In our view, the TA offset can be optionally configured in the CG-SDT configuration contained in the RRC release message. If the TA offset is configured, the UE applies this TA offset for CG PUSCH transmissions on this serving cell. If this field is absent, the UE applies the default value defined for the duplex mode and frequency range of this serving cell. 
[bookmark: _Toc87060153]TA offset can be optionally configured in the RRC release message for CG-SDT. If the TA offset is configured, the UE applies this TA offset for CG PUSCH transmissions on this serving cell. If this field is absent, the UE applies the default value defined for the duplex mode and frequency range of this serving cell. 
2.4	Other issues
CG PUSCH repetitions 
There were discussions in the previous RAN1 meeting on whether slot aggregation, i.e., repetition of a TB across multiple slots for coverage enhancement should be supported for CG-SDT. In our view, the slot aggregation should be supported for CG-SDT. Note that CG Type 1 PUSCH also supports slot aggregation. However, the repetition should only be allowed within the same CG period of CG-SDT and should not cross to the CG period.
[bookmark: _Toc87060154]Support repetition of a TB across multiple slots for CG-SDT. 
3	Conclusion
Based on the discussion in the previous sections, we propose the following:
Proposal 1	For the candidate value set of SSB to CG PUSCH mapping ratio, support the values {1/8,1/4,1/2}
Proposal 2	Allow different SSB to CG PUSCH mapping ratio for different CG-SDT configurations.
Proposal 3	If the CG period values for SDT are the same as those defined for CG Type 1 PUSCH, the candidate values of SSB to CG PUSCH association period is defined similar to the candidate values of SSB to RO association period according to Table 1.
Proposal 4	RAN1 to send LS to RAN2 asking RAN2 to provide feedback regarding whether or not the period values for CG-SDT are the same as those defined for CG Type 1 PUSCH. RAN1 to design the SSB to CG PUSCH association period for SDT based on the feedback from RAN2.
Proposal 5	When multiple CG PUSCH configurations are provided, additional information from the UE can be provided to the gNB to determine the SSB associated with the UL data received on an overlapping PUSCH resource associated with multiple CG configurations.
Proposal 6	A UE specific TDRA list for CG PUSCH resource allocation in RRC inactive state should be configured in the RRC release message. Which TDRA list or table to select for CG-SDT can be based on predetermined rules when multiple TDRA lists, or tables are available.
Proposal 7	Multiple CG PUSCH occasions in time and/or frequency domain can be configured per CG period for CG-SDT in RRC inactive state.
Proposal 8	DMRS configuration can be independent from the configurations of multiple CG PUSCH occasions.
Proposal 9	A CG PUSCH occasion is not valid if it overlaps with MsgA PUSCH occasion at least for CBRA.
Proposal 10	Further discuss in RAN1 on whether CG-SDT in RRC inactive state is allowed on flexible symbols.
Proposal 11	If CG-SDT is only allowed in uplink symbols, additional UE specific TDD uplink-downlink configuration should be supported in the RRC release message.
Proposal 12	To support CG-SDT in flexible symbols, enableConfiguredUL can be configured in the RRC release message.
Proposal 13	There is no need to define validation rules for CG PUSCH for paired spectrum for RedCap UEs operating in Type-A HD FDD mode.
Proposal 14	If the SSB beam selected for CG-SDT PUSCH resource selection is changed, the TPC accumulation for the power control of CG PUSCH should be suspended.
Proposal 15	RAN1 to discuss whether TPC command can be received in DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI for CG-SDT in inactive state.
Proposal 16	RAN1 to discuss the UE-specific power control parameters for CG-SDT in RRC inactive state.
Proposal 17	SSB subset for RSRP based TA validation is within a set of SSBs per CG PUSCH configuration.
Proposal 18	RSRP change can calculated as the difference between RSRP calculated at the time instant when the UE receives the latest TAC from the network and the RSRP calculated at the time instant when UE determines TA validation for CG-SDT.
Proposal 19	In addition to the RSRP and TAT based TA validation mechanisms, support TDOA based TA validation based on SFTD measurements for CG- SDT in RRC inactive state.
Proposal 20	The TA based on the latest UL transmissions in the RRC connected state should be provided in the RRC release message as the initial TA to be used for CG PUSCH transmission in RRC inactive state.
Proposal 21	The TA for CG-SDT should be relative to the subcarrier spacing of the initial UL BWP for CG-SDT.
Proposal 22	TA offset can be optionally configured in the RRC release message for CG-SDT. If the TA offset is configured, the UE applies this TA offset for CG PUSCH transmissions on this serving cell. If this field is absent, the UE applies the default value defined for the duplex mode and frequency range of this serving cell.
Proposal 23	Support repetition of a TB across multiple slots for CG-SDT.
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