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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK16]In the previous meetings, RAN1 has discussed the physical layer issues of small data transmission requested by RAN2 LSs, and some agreements have been achieved for RA-SDT and CG-SDT respectively. 
In this contribution, we discuss the remaining issues on association period, RedCap UE supporting SDT, PRACH configuration of RA-SDT and USS set for CG-SDT. 
 Discussion on Small data transmission
 Association period
[bookmark: _GoBack]In last meeting, the table of association period between SSB and CG PUSCH has been defined in clause 19.1 in TS38.213 as shown in Table 1[1]. However, the table only includes CG period value larger than or equal to 5ms, smaller values are still FFS.
Table 1: Mapping between PUSCH configuration period and SS/PBCH block to configured PUSCH resource association period
	PUSCH configuration period  (msec)
	Association period (number of PUSCH configuration periods except when PUSCH configuration period is less than 5 msec)

	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 }


In Rel-15/Rel-16, the candidate values of CG periodicity for different subcarrier spacings are shown in Table 2[3];
Table 2 Rel-15/Rel-16 CG periodicity set
	 Subcarrier spacing
	Rel-15 periodicity set(unit:symbols)
	Rel-16 periodicity set(unit: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}
	n*14,where n has a value between 1 and 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}
	n*14,where n has a value between 1 and 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}
	n*14,where n has a value between 1 and 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}
	n*14,where n has a value between 1 and 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}
	n*14,where n has a value between 1 and 5120

	480kHz
	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}
	n*14, where n has a value between 1 and 20480

	960kHz
	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}
	n*14, where n has a value between 1 and 40960



Among the CG period values in Table 1, the values that less than 1ms can be further summarized as shown in Table 3.
Table 3 CG period values less than 1ms
	SCS
	CG period(sym, slot)
	CG period(ms)

	15 kHz
	2 sym, 7 sym
	0.14, 0.5

	30 kHz
	2 sym, 7 sym, 1 slot
	0.07, 0.25, 0.5

	60 kHz
	2 sym, 7 sym, 1 slot, 2 slot
	0.035, 0.125, 0.25, 0.5

	120 kHz
	2 sym, 7 sym, 1 slot, 2 slot, 4 slot
	0.018, 0.0625, 0.125, 0.25, 0.5

	480 kHz
	1 slot, 2 slot, 4 slot, 8 slot, 16 slot
	0.03125, 0.0625, 0.125, 0.25, 0.5

	960 kHz
	1 slot, 2 slot, 4 slot, 8 slot, 16 slot, 32 slot
	0.015625, 0.03125, 0.0625, 0.125, 0.25, 0.5



Considering that the minimum period of SSB is 5ms, it’s necessary that the association period should be larger than SSB period to guarantee in each association period, the allocated SSB subset could be available. For CG period smaller than 1ms, it includes 10 values as highlighted in Table 3, so it’s not desirable to list all values smaller than 1ms for CG period, instead, the corresponding candidate values of association period can be defined in ms unit as shown in Table 4.
Table 4: Mapping between PUSCH configuration period and SS/PBCH block to configured PUSCH resource association period
	PUSCH configuration period  (msec)
	Association period (number of PUSCH configuration periods except when PUSCH configuration period is less than 5 larger than 1 msec)

	≦1
	{5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}ms 

	2
	{4, 5, 8, 10, 16, 20, 40, 80, 160, 320}

	4
	{2, 4, 5, 8, 10, 16, 20, 40, 80, 160}

	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 }


Indeed the simplest way is to preclude all CG period values less than 5ms, however, these values are still useful, because smaller CG period value would allow UE to finish the data transmission more quickly in one SDT procedure, it doesn’t contradict with the principle of small data transmission(infrequent and small). As shown in Figure 1, the value of CG period only affects Time interval 2 between initial CG transmission and subsequent transmission in one SDT procedure, thus smaller CG period value leads to smaller total time duration of a SDT procedure.  However, “infrequent transmission” in WID means the Time interval 1 between 2 different SDT procedures might be large, which is not related to the value of CG period, so there is no clear motivation to preclude such small CG period values. 
[image: ]
Figure 1 Illustration of SDT procedure
Proposal 1: Adopt TP#1 in Clause 19.1 for TS 38.213.

 RedCap UE supporting SDT
In RAN1 #108, RAN1 has confirmed that the separate BWP in case of RedCap may still be considered as the initial BWP and SDT resources(both CG-SDT and RA-SDT) can hence be configured on this BWP for RedCap UEs. Some details needs to be further studied to ensure proper functionality for RedCap UE performing SDT. 
In RedCap WI, for RedCap UE in idle/inactive state, two kinds of separate initial DL BWP may be configured. One is that separate initial DL BWP can include CORESET#0 and CD-SSB. The other is that separate initial DL BWP only includes CSS for RA, but does not include SSB, paging and SI reception. Then when the first kind of separate initial DL BWP is configured, CD-SSB can be used for mapping and TA validation. But for the second kind of separate initial DL BWP, since there is no SSB, CD-SSB in legacy initial BWP may be used for mapping and TA validation similar to RACH procedure in idle/inactive state.
Proposal 2: For RedCap UE performing SDT, CD-SSB can be used for SSB to CG PUSCH mapping and TA validation.
For Proposal 2, since CD-SSB is the only kind of SSBs that supported in RRC inactive state for RedCap UE no matter in separate initial BWP or initial BWP, there is no ambiguity even without any spec changes. However, for separate initial BWP not including SSBs, the behavior of RedCap UE performing SDT is different from legacy UE. So TP #2 can be adopted to specify which SSBs will be used for mapping if no SSBs are configured in separate initial BWP. 
Proposal 3: For RedCap UE performing SDT, if separate initial DL BWP does not include any SSBs, the SSBs associated with initial DL BWP can be used for SSB to CG PUSCH mapping.  
· Adopt TP#2 in Clause 19.1 for TS 38.213.
 PRACH configuration of RA-SDT
In the section 19.2 of TS 38.213, the corresponding description of sdt-CB-PreamblesPerSSB-PerSharedRO/sdt-msgA-CB-PreamblesPerSSB-PerSharedRO is shown as below. However, this parameter is used to configure a number of preambles per SSB per shared RO, not a number of SSB indexes. 
	For a common configuration of PRACH occasions and a Type-1 or a Type-2 random access procedure, a UE can be provided a number of SS/PBCH block indexes associated with one PRACH occasion by sdt-CB-PreamblesPerSSB-PerSharedRO or sdt-msgA-CB-PreamblesPerSSB-PerSharedRO, respectively. A PRACH transmission can be on a subset of PRACH occasions associated with a same SS/PBCH block index within an SSB-RO mapping cycle as determined by a PRACH mask index provided by sdt-SSB-SharedRO-MaskIndex or sdt-msgA-SSB-SharedRO-MaskIndex according to [11, TS 38.321]. 


The paragraph in section 19.2 mainly refers to 2-step RACH specified in section 8.1 as shown below, it’s clear that the definition of msgA-CB-PreamblesPerSSB-PerSharedRO should be number of preambles instead of number of SSBs.
	For Type-2 random access procedure with common configuration of PRACH occasions with Type-1 random access procedure, a UE is provided a number  of SS/PBCH block indexes associated with one PRACH occasion by ssb-perRACH-OccasionAndCB-PreamblesPerSSB and a number  of contention based preambles per SS/PBCH block index per valid PRACH occasion by msgA-CB-PreamblesPerSSB-PerSharedRO. The PRACH transmission can be on a subset of PRACH occasions associated with a same SS/PBCH block index within an SSB-RO mapping cycle for a UE provided with a PRACH mask index by msgA-SSB-SharedRO-MaskIndex according to [11, TS 38.321].



Besides, in TS 38.331 v17.0.0, for each feature combination, preamble number per SSB per shared RO and shared RO mask are defined as marked in green. In order to align with definition of TS 38.331,  some modifications are needed.
[image: ]
For two issues above, the corresponding modifications may refer to TP #3 in Appendix.
Proposal 4: Adopt TP#3 in Clause 19.2 for TS 38.213.
 USS set for CG-SDT
As agreed in RAN1 in previous meeting, UE specific search space set is supported for CG-SDT, in addition, RAN1 has sent RRC parameter list including sdt-CG-SearchSpace for this USS set for CG-SDT. 
However, in TS 38.331 v17.0.0, the USS set for CG-SDT is configured by pdcch-Config-r17 in BWP-Downlink-Dedicated-SDT-r17, which means that there is no specific parameter of USS set defined for CG-SDT, i.e. sdt-CG-SearchSpace. In order to align with definition in TS 38.331, sdt-CG-SearchSpace should be removed in the section 19.1 of TS 38.213. 
[image: ]
In addition, in section 10.1 in TS 38.213, sdt-CG-SearchSpace is also used as below. Since the first sub-bullet has already included the second sub-bullet, it is feasible to remove the second bullet. 
[image: ]
For two issues above, the corresponding modifications may refer to TP #4 in Appendix.
Proposal 5: Adopt TP#4 in Clause 10.1 and 19.1 for TS 38.213.

 Conclusion
In this contribution, we have discussed the remaining issues on association period, RedCap UE supporting SDT, PRACH configuration of RA-SDT and USS set for CG-SDT, below is the conclusion part.
Proposal 1: Adopt TP#1 in Clause 19.1 for TS 38.213.
Proposal 2: For RedCap UE performing SDT, CD-SSB can be used for SSS to CG PUSCH mapping and TA validation.
Proposal 3: For RedCap UE performing SDT, if separate initial BWP does not include any SSBs, the SSBs associated with initial BWP can be used for SSB to CG PUSCH mapping.  
· Adopt TP#2 in Clause 19.1 for TS 38.213.
Proposal 4: Adopt TP#3 in Clause 19.2 for TS 38.213.
Proposal 5: Adopt TP#4 in Clause 10.1 and 19.1 for TS 38.213.
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 Appendix
TP#1
	Reason for change: The table of association period between SSB and CG PUSCH does not include CG period values less than 5ms, which is FFS.
Summary of change: Table 19.1-1 in TS 38.213 is revised to include CG period values less than 5ms.
Consequences if not approved: Table 19.1-1 would be incomplete and the sentence in bracket “except when PUSCH configuration period is less than 5 msec” cannot match the content of the table.
------------------------------   TS 38.213-----------------------------------
< Unchanged text omitted >
19.1	Configured-grant based PUSCH transmission
< Unchanged text omitted >
Table 19.1-1: Mapping between PUSCH configuration period and SS/PBCH block to configured PUSCH resource association period
	PUSCH configuration period  (msec)
	Association period (number of PUSCH configuration periods except when PUSCH configuration period is less than 5 larger than 1 msec)

	≦1
	{5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640}ms 

	2
	{4, 5, 8, 10, 16, 20, 40, 80, 160, 320}

	4
	{2, 4, 5, 8, 10, 16, 20, 40, 80, 160}

	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 }


< Unchanged text omitted >



TP#2
	Reason for change: for Redcap UE, associated SSB is not clear in case of no SSB associated with separate initial BWP.
Summary of change: if there is  no SSB in separate initial BWP, CD-SSB in legacy initial BWP can be use for mapping.
Consequences if not approved: associated SSB is not clear.
------------------------------   TS 38.213-----------------------------------
< Unchanged text omitted >
19.1	Configured-grant based PUSCH transmission
A UE indicated to release a dedicated RRC connection can be provided one or more configurations by respective one or more ConfiguredGrantConfig, for configured grant Type 1 PUSCH transmissions on the initial UL BWP [12, TS 38.331]. For the remaining of this clause, PUSCH transmissions refer to configured grant Type-1 PUSCH transmissions for a configuration provided by ConfiguredGrantConfig. 
A UE can be provided by sdt-SSB-Subset a number of SS/PBCH block indexes  to map to a number of valid PUSCH occasions for PUSCH transmissions over an association period. If the UE is not provided sdt-SSB-Subset, the UE determines  from the value of ssb-PositionsInBurst in SIB1 or by ServingCellConfigCommon. A PUSCH occasion for a PUSCH transmission is defined by a time resource and a frequency resource and is associated with a DM-RS provided by cg-DMRS-Configuration for the configuration of PUSCH transmissions.
For a RedCap UE, if it is configured with a BWP indicated by initialDownlinkBWP-RedCap-r17 which is not associated with any SS/PBCH block, CG resource can be associated with SS/PBCH blocks in the BWP indicated by initialDownlinkBWP.
< Unchanged text omitted >





TP#3
	Reason for change: Description error for parameter sdt-CB-PreamblesPerSSB-PerSharedRO/sdt-msgA-CB-PreamblesPerSSB-PerSharedRO. Parameter name is not consistent with TS 38.331.
Summary of change: a number of SSB indexes is replaced by a number of preambles. sdt-CB-PreamblesPerSSB-PerSharedRO or sdt-msgA-CB-PreamblesPerSSB-PerSharedRO is replaced by numberOfPreamblesForThisPartition-r17. sdt-SSB-SharedRO-MaskIndex or sdt-msgA-SSB-SharedRO-MaskIndex is replaced by ssb-SharedRO-MaskIndex-r17.
Consequences if not approved: description error and parameter misalignment.
------------------------------   TS 38.213-----------------------------------
< Unchanged text omitted >
19.2	Random-access based PUSCH transmission
A UE indicated to release a dedicated RRC connection can be provided a configuration for a Type-1 and/or a Type-2 random access procedure on the initial UL BWP [12, TS 38.331]. PRACH occasions can have either a common configuration as, or a separate configuration from, PRACH occasions for Type-1 or Type-2 random access procedure as described in clause 8.1. The UE procedure is as described in clause 8, including clauses 8.1 through 8.4. The UE transmits a PRACH preamble with a power determined as described in clause 7.4.
For a common configuration of PRACH occasions and a Type-1 or a Type-2 random access procedure, a UE can be provided a number of contention based preambles per SS/PBCH block index per valid PRACH occasion by numberOfPreamblesForThisPartition-r17SS/PBCH block indexes associated with one PRACH occasion by sdt-CB-PreamblesPerSSB-PerSharedRO or sdt-msgA-CB-PreamblesPerSSB-PerSharedRO, respectively. A PRACH transmission can be on a subset of PRACH occasions associated with a same SS/PBCH block index within an SSB-RO mapping cycle as determined by a PRACH mask index provided by ssb-SharedRO-MaskIndex-r17sdt-SSB-SharedRO-MaskIndex or sdt-msgA-SSB-SharedRO-MaskIndex according to [11, TS 38.321]. 
< Unchanged text omitted >



TP#4
	[bookmark: _Toc99993884][bookmark: _Toc83289645]Reason for change: sdt-CG-SearchSpace is not defined in TS 38.331.
Summary of change: in the section 10.1, the bullet including sdt-CG-SearchSpace is removed. In the section 19.1, sdt-CG-SearchSpace is removed.
Consequences if not approved: sdt-CG-SearchSpace is not found in TS 38.331.
------------------------------   TS 38.213-----------------------------------
< Unchanged text omitted >
[bookmark: _Toc36498186][bookmark: _Toc20311598][bookmark: _Toc29899157][bookmark: _Toc99993834][bookmark: _Toc29894858][bookmark: _Toc12021486][bookmark: _Toc29917312][bookmark: _Toc29899575][bookmark: _Toc45699213][bookmark: _Toc26719423][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 
< Unchanged text omitted >
-	a USS set configured by 
-	SearchSpace in PDCCH-Config with searchSpaceType = ue-Specific for DCI formats with CRC scrambled by C-RNTI, MCS-C-RNTI, SP-CSI-RNTI, CS-RNTI(s), SL-RNTI, SL-CS-RNTI, or SL Semi-Persistent Scheduling V-RNTI, or 
-	sdt-CG-SearchSpace for DCI formats with CRC scrambled by C-RNTI or CS-RNTI as described in clause 19.1.
< Unchanged text omitted >

19.1	Configured-grant based PUSCH transmission
< Unchanged text omitted >
A UE can be provided a USS set by sdt-CG-SearchSpace, or a CSS set by sdt-SearchSpace, to monitor PDCCH for detection of DCI format 0_0 with CRC scrambled by C-RNTI or CS-RNTI for scheduling PUSCH transmission or of DCI format 1_0 with CRC scrambled by C-RNTI for scheduling PDSCH receptions [12, TS 38.331]. The UE may assume that the DM-RS antenna port associated with the PDCCH receptions, the DM-RS antenna port associated with the PDSCH receptions, and the SS/PBCH block associated with the PUSCH transmission are quasi co-located with respect to average gain and quasi co-location 'typeA' or 'typeD' properties. The UE transmits a PUCCH with HARQ-ACK information associated with the PDSCH receptions as described in clause 9.2.1 using a same spatial domain transmission filter as for the last PUSCH transmission.
< Unchanged text omitted >
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