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 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK2][bookmark: OLE_LINK16][bookmark: OLE_LINK1]RAN2 sent an LS on physical layer aspects of small data transmission to RAN1 [1]. 
ACTION: 	RAN2 respectfully requests RAN1 to take the above into account and provide input for: 
· Configuration of the coreset and search space for monitoring the PDCCH addressed to the C-RNTI after successful completion of the RACH procedure during RA-SDT. 
· Configuration of association between the type 1 CG resource(s) for CG-SDT and SSB(s)
For CG resource(s), the following agreement have been achieved in RAN2:
· The configuration of configured grant resource for UE uplink small data transfer is contained in the RRCRelease message. 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.
· The configuration of configured grant resource for UE small data transmission is valid only in the same serving cell.
· 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.
· 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.  

Therefore, in this contribution, we will share our views on the RAN1 related aspects for the input requested by RAN2.
Configuration of the CORESET and search space for PDCCH monitoring for RA-SDT
[bookmark: _Toc28873153]For RA-SDT, as the UE specific dedicated signalling for PDCCH configuration in PDCCH-Config  cannot be configured, and only common configuration can be used for the UE,  the CORESET and search spaces sets for the DCI formats with CRC scrambled by C-RNTI can only be configured through PDCCH-ConfigCommon. From RAN1 perspective, two methods can be considered for the configurations of CORESET and search spaces sets for the DCI formats with CRC scrambled by C-RNTI after successful completion of the RACH procedure during RA-SDT. 
Method 1: Reuse the existing CORESET/Seachspace,  i.e. controlResourceSetZero and ra-SearchSpace in the PDCCH-ConfigCommon for  RA-SDT C-RNTI DCI search space configuration. 
In this method, no new filed specifically for RA-SDT DCI formats with CRC scrambled by C-RNTI is added in the PDCCH-ConfigCommon. In this case, the RA-SDT UEs and normal UEs performing the random access procedures share the same PDCCH resource. 
Although this method has no impact on RAN1, if the same search space is reused, then there will be some impact on the normal UE, as the CSS for RACH procedure may get congested and the UE collision probability would be increased. 
Meanwhile, the same issues also exist for other aspects if the common resource are shared between normal UE and RA-SDT UE. Such as the PUCCH-ConfigCommon resource. As the PUCCH resource is limited before dedicated PUCCH-Config configured, and if normal UE and RA-SDT both use the common PUCCH configuration for the RACH procedure and RA-SDT subsequent DL data HARQ-ACK feedback, then there will be also some impact on the normal UE RACH procedure and the PDSCH scheduling transmission delay as HARQ-ACK codebook scheme cannot be used for RA-SDT.  
Method 2: New fields specifically for RA-SDT C-RNTI DCI CORESET configuration and search space configuration can be added in the PDCCH-ConfigCommon. 
In this method, the CORESET ID and the search space ID for  DCI formats with CRC scrambled by C-RNTI configuration information for RA-SDT can be added in the  PDCCH-ConfigCommon. And the searchSpaceType  can only be common as the PDCCH-ConfigCommon is used to configure cell specific PDCCH parameters not UE specific dedicated parameters. 
This method will have some impact on RAN1. For example, a new CSS type needs to be defined for DCI formats with CRC scrambled by C-RNTI in 38.213 as the existing search spaces sets type has not included this type of CSS and the following sentence can be considered to be added in section 10.1 of 38.213. 
-	a Type4-PDCCH CSS set configured by SearchSpace in PDCCH-ConfigCommon  for DCI formats with CRC scrambled by C-RNTI 
And the description in section 10.1 of 38.213 can be revised as below to capture the new type of PDCCH.
If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided a non-zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2/4-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2/4-PDCCH CSS set based on the search space set associated with the value of searchSpaceID. 
However, this modification is worthy and is rather small compared to the impacts to the normal UE RACH procedure highlighted above.
Proposal 1: A new field specifically defined for CORESET/Seachspace configuration can be added in the PDCCH-ConfigCommon for RA-SDT C-RNTI DCI.
 Mapping between SSB and CG resources
For CG resource(s), only type 1 CG resource(s) can be configured in RRC Release message for SDT, as mentioned in the LS, and an association between CG resources and SSBs may be required for CG-SDT. For the association, the mapping and the association period between CG resources and SSBs need to be discussed. 
In RAN2, whether the BWP associated with CG-SDT resources is configurable or not is being discussed. This aspect can be left to RAN2. RAN1 may further study the BWP switching if RAN2 agree that the multiple BWPs for CG-SDT resources is configurable.
SSB(s) selection 
As mentioned in the LS, one option RAN2 considered was explicit configuration with RRC Release message. We also agreed that this can be a simple solution which does not require any association design. For example if we assume that the SDT UEs will not move and the beam association would not change for a certain time, gNB can assign the beam used for the latest transmission to the UE for the first transmission of CG-SDT. In this case, mechanism to allow UE autonomously switch the beam for the subsequent data transmission should be further studied, otherwise the UE has to fall back to RA-SDT if the beam failure is happened.
A more flexible design is to configure multiple SSBs and associate the SSBs to each of the CG occasions (transmission opportunities), in this case the UE can autonomously chose the best transmission beam and use the corresponding CG occasion for the SDT.
In the RRC Release message, an SSB set which is a subset of actual transmitted SSBs may be included. The SSB set maybe indicated by bitmap manner. If the SSB set is not indicated in the RRCRelease message, all the actual transmitted SSBs may be considered as the SSB set. The CG resources may be associated with the SSB set according to the following mapping rules.

Proposal 2: 
For CG-SDT, down-select from the following alternatives for the configuration of SSBs for the CG-SDT 
· Alt. 1: only one SSB is configured per CG configuration for the first transmission, which is explicitly indicated in RRC release message. 
· FFS autonomous beam switching mechanism or fall back method in case of beam failure for the subsequent data transmission.
· Alt. 2: multiple SSBs are configured per CG configuration, and the mapping between SSBs and CG occasions should be defined.
· FFS whether a subset of SSB indexes can be configured per CG configuration, to be indicated in RRC release message

The mapping value of SSB(s) to CG resource(s) 
For specification of the association between CG resources and SSBs, the method used for SSB-RO mapping should be reused as much as possible. Since there are no CDMed resources in one CG occasion, the case for multiple SSB mapped to one CG occasion can be neglected. Depending on whether repetition is allowed for CG-based SDT, the following cases may be considered:
· Case1: one SSB is mapped to one CG occasion, the CG repetition number is limited to 1, as showed in Figure1(a);
· Case2: one SSB is mapped to one CG occasion, the CG repetition number is configured so that there are multiple transmission occasions within one period, but the actual repetition number is always equal to 1, as showed in Figure1(b);
· Case3: one SSB is mapped to multiple CG occasions within one CG period, and the mapping ratio is equal to the configured CG repetition number which is also effective for the actual repetition number, as showed in Figure1(c); CG occasions within one CG period are used for the repetition transmission of a TB. 
For one SSB mapping to multiple CG occasions, for CG repetition number of in Rel-15 is 1, 2 ,4 and 8; In Rel-16 the repetition number is 1, 2 ,3, 4, 7, 8, 12 and 16; So one SSB may be mapped to 1, 2 ,3, 4, 7, 8, 12 and 16 CG occasions. For case 1 and case 3, the current rules for HARQ ID and RV in licensed spectrum may be reused. However, for case2, since each CG occasion is a possible new transmission, RV of each CG occasion should be configured as 0. For this case, we may achieve it by restricting RV pattern configuration, for example, repK-RV={s3-0000} may be configured. For HARQ ID of case 2, according to the current rule, multiple CG occasions may use the same HARQ ID. Since only one CG resource is selected, the current rule may also be reused.


Figure 1(a) one SSB mapping to one CG resource
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Figure 1(b) one SSB mapping to one CG(CG repetition number is larger than one)

[image: ]
Figure 1(c) one SSB mapping to four CG resources
Proposal 3:
· If multiple SSBs are configured per CG configuration, at least support one-to-one mapping between SSBs and CG occasions, and the configured CG repetition number (number of occasions in one CG period) is limited to 1;
· FFS if the repetition is configurable, and further study the following possibilities
· one SSB mapping to one CG occasion, the configured CG repetition number can be lager than one, while the actual repetition number is still limited to 1;
· one SSB mapping to K CG occasions, where K is the configured repetition number as well as the actual repetition number.

The association period 
SDT resources are generally maintained by the network in the RRC_INACTIVE state[4], the UL CG resource(s) is determined for the RRCRelease which only contain the UL slot(s) or symbol(s).
In Rel-15 and Rel-16, different subcarrier spacing support different set of CG periodicities, as showed in Table 1[3];
Table 1 Rel-15/Rel-16 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



For mapping relationship above, one or multiple CG periods can be used as an association period. It is necessary to ensure that the association period is divisible by 1024 radio frame or maximum CG configurable period, which may ensure that the mapping of between CG resources and SSBs in each SF0 is the same. There may be two alternatives for this issue.

Alternative 1: the association period is implicitly indicated
An association period, starting from SFN 0, for mapping SS/PBCH block indexes to CG occasions is the smallest value in the set determined by the CG configuration period according to Table 2(only Rel-15 CG  periodicity set is included). In order to meet the association period starting of SFN0, the association period may be divisible by maximum CG period.
Taking 15kHz as an example, we may assume the maximum association period is 640ms, and some association period number for some periods are as shown in Table 2. Since the four different SCSs are supported, the corresponding Tables for the different SCSs are slightly different. 
Table 2 Mapping between CG configuration period and SS/PBCH block to CG occasion association period
	CG period
	Association period (in the number of CG period)

	16slots
	1,2,4,5,8,10,16,20,32,40

	20slots
	1,2,4,8,16,32

	32slots
	1,2,4,5,8,10,16,20

	40slots
	1,2,4,8,16

	64slots
	1,2,4,5,8,10

	80slots
	1,2,4,8

	128slots
	1,2,4,5

	160slots
	1,2,4

	320slots
	1,2

	640slots
	1



Alternative 2: the association period is explicitly indicated
Explicit indication for the association period could be a simple way if the signalling overhead is not a problem. An association period configured by the BS may consider the same principle as in alternative1, for example, the association period can be divisible by 1024 radio frame or maximum CG configurable period. When the association period is configured, it is the same as the smallest as the above.
Table 3 Comparison of the advantages and disadvantages of the Alternative 1 and Alternative 2
	
	advantages 
	disadvantages

	Alternative 1
	Flexible period ;
No additional signaling
	Significant impact on specification;
(Many table(s) of mapping between CG configuration period and SS/PBCH block are needed)

	Alternative 2

	small impact on specification

	Low  flexibility;
May be a waste of resources due to incomplete mapping or not  suitable period and low flexibility;
Additional signaling is needed;



Based on the above analysis, from the perspective of specification impact, the explicit indication may be a good choice.
Proposal 4: 
If multiple SSBs are configured per CG configuration, it is preferable to explicitly configure the association period between SSB and CG occasions.

Conclusion
In this contribution, we have discussed the RAN2 LS on CAPC in NR-U. Based on this, the following proposal is provided:
[bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0995]Proposal 1: 
A new field specifically defined for CORESET/Seachspace configuration can be added in the PDCCH-ConfigCommon for RA-SDT C-RNTI DCI.
Proposal 2: 
For CG-SDT, down-select from the following alternatives for the configuration of SSBs for the CG-SDT 
· Alt. 1: only one SSB is configured per CG configuration for the first transmission, which is explicitly indicated in RRC release message. 
· FFS autonomous beam switching mechanism or fall back method in case of beam failure for the subsequent data transmission.
· Alt. 2: multiple SSBs are configured per CG configuration, and the mapping between SSBs and CG occasions should be defined.
· FFS whether a subset of SSB indexes can be configured per CG configuration, to be indicated in RRC release message
Proposal 3:
· If multiple SSBs are configured per CG configuration, at least support one-to-one mapping between SSBs and CG occasions, and the configured CG repetition number (number of occasions in one CG period) is limited to 1;
· FFS if the repetition is configurable, and further study the following possibilities
· one SSB mapping to one CG occasion, the configured CG repetition number can be lager than one, while the actual repetition number is still limited to 1;
· one SSB mapping to K CG occasions, where K is the configured repetition number as well as the actual repetition number.
Proposal 4: 
· If multiple SSBs are configured per CG configuration, it is preferable to explicitly configure the association period between SSB and CG occasions.
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