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1. Introduction
[bookmark: _Hlk4423604][bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK17]In the RAN1#96bis, following agreements and conclusion were made for enhanced UL transmission with configured grant (CG) for URLLC [1]: 
	Agreements:
· Support separate RRC parameters for different configured grant configurations (for both type 1 and type 2 configured grants) for a given BWP of a serving cell.
· FFS whether or not some parameters can be common among different configured grant configurations 
Agreements:
· Support separate activation for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint activation in a DCI for two or more configured grant Type 2 configurations
· Support separate release for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS whether or not to support joint release in a DCI for two or more configured grant Type 2 configurations 
Conclusion: 
RAN1 believes that it is feasible from physical layer perspective to support multiple active configured grant configurations with different Types for a given BWP of a serving cell. However, there is no conclusion in RAN1 whether or not to support it.
· No further action in RAN1 until RAN2 has made progress on this topic (whether or not to support, use cases, etc.)


 
In addition, it is noted that the following agreements related to SPS and CG were achieved in RAN2 #105bis meeting [2] and a LS [3] with three questions was sent to RAN1. We draft the reply LS in [4].
	R2 assumes that the maximum number of active SPS configurations for a given BWP of a serving cell in the specification is 8 or 16 (FFS).
R2 assumes short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof could be used to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity. Other solutions not precluded, e.g. to address resource consumption. 
Will support “short” SPS periodicities, at least down to 0.5ms
Ask R1 on feasibility, and additionally the feasibility to go down to even lower values, e.g. 2 symb.  
R2 assumes that activation/deactivation is done by DCI. 
RAN1 should address activation/deactivation DCIs related with configured grant Type 2 and SPS in the case of multiple configurations
When multiple UL CG or DL SPS configurations is configured, an offset for each configuration is needed for the calculation of the HARQ process ID



Based on the progress achieved in both RAN1 and RAN2, we present our views on the support for multiple active configured grant (CG) configurations from both higher layer and physical layer perspective in this contribution. 
2. Multiple active configured grant (CG) configurations for a given BWP of a serving cell
Multiple CG/SPS configurations for a given BWP of a serving cell can be used for different services/traffic types. Based on the discussion in RAN1 URLLC SI and agreements achieved in RAN2, multiple CG/SPS configurations for a given BWP of a serving cell can be used to reduce the initial transmission alignment delay caused by traffic arrival jitter and/or the periodicity misalignment between the TSN periodicity and CG/SPS periodicity. Multiple CG/SPS configurations for a given BWP of a serving cell will be anyway specified, it should be designed such that both of the intended use cases are realized. 
In the following, we will discuss the enhancements for higher layer configurations and physical layer signalling to support the multiple active CG configurations for a given BWP based on Rel.15 design. 
2.1. Higher layer configurations
Regarding the maximum number of CG configurations for a given BWP of a serving cell, it is natural/reasonable to adopt the same number as for DL SPS configurations. As indicated in the LS [3], two values i.e., 8 or 16 need to be down-selected as the maximum number of active SPS configurations for a given BWP. From our perspective, firstly the maximum number should be determined such that the two use cases of supporting different services/traffic types and reducing the latency while ensuring the reliability are well covered. In [5], it was proposed to support at least 8 configurations from V2X perspective to handle the basic safety services. If multiple configurations are also used to reduce the latency, the maximum number will exceed 8. Secondly, potential impacts on physical layer perspective from the maximum number of configurations would be the DCI overhead for indicating which configuration(s) of Type 2 CG/SPS is/are activated/deactivated, and HARQ-ACK feedback for multiple SPS configurations. For activation/deactivation signalling, if we use bit-map to indicate which configuration(s) is/are active/de-active, whatever the maximum number is 8 or 16, the DCI overhead would be large which is not the preferred way; if we use codepoint to indicate the configuration(s), there is only 1-bit difference between 8 and 16 configurations. Regarding the HARQ-ACK feedback for multiple SPS configurations, it is expected that the HARQ-ACK feedback for more than one SPS PDSCH and/or SPS release will be transmitted in the same PUCCH. The total HARQ-ACK payload for multiple SPS configurations on one PUCCH resource can be controllable by gNB’s configuration. Enhancements on the HARQ-ACK for DL SPS are necessary. However, the complexity is comparable between the 8 and 16 configurations. Therefore, following is proposed:
Proposal 1:
· The maximum number for the active configurations should be the same between DL SPS and UL CG.
· From RAN1 perspective, the maximum number of configurations for a given BWP of a serving cell can be 16.
Regarding the configuration on the RRC parameters for multiple CG configurations, it was agreed to support separate RRC parameters for different configured grant configurations. Further discussion is needed on whether or not some parameters can be common among different configured grant configurations. For the case of reducing latency and ensuring reliability by multiple configurations for a given traffic type, full configurability is not necessary. We see following benefits when some parameters are configured common for multiple configurations. 
· Benefit 1: Lower RRC configuration overhead. 
· Benefit 2: Lower PHY overhead in terms of activation/deactivation signalling and acknowledgement for the activation/deactivation signalling.
· For Type 2 CG, MAC CE is used for acknowledgement.
· For DL SPS, HARQ-ACK on PUCCH is used for acknowledgement.
· Benefit 3: Lower activation/deactivation latency for Type 2 CG/SPS.
· Benefit 4: Simpler UE operation, as the UE can basically create the CG PUSCH transmission signal independently of the starting point 

Regarding which parameter(s) should be common and which parameter(s) should be separate for the case of reducing latency and ensuring reliability by multiple configurations, Table 1 provides a tentative list. 
Table 1: summary of common or separate parameters for CG
	Parameters for both Type 1 and Type 2
	Can be common 
	Always separate 

	frequencyHopping
	Yes
	

	cg-DMRS-Configuration
	
	Yes

	mcs-Table
	Yes
	

	mcs-TableTransformPrecoder
	Yes
	

	uci-OnPUSCH
	Yes 
	

	resourceAllocation
	Yes
	

	rbg-Size
	Yes
	

	powerControlLoopToUse
	Yes
	

	P0-PUSCH-Alpha
	Yes
	

	p0-NominalWithoutGrant
	Yes
	

	transformPrecoder
	Yes
	

	nrofHARQ-Processes
	Yes
	

	Offset* e.g. harq-procID-offset 
	Yes
	

	repK
	Yes
	

	repK-RV
	Yes
	

	periodicity 
	Yes
	

	configuredGrantTimer
	Yes
	

	Parameters for Type 1 
	Can be common 
	Always separate 

	timeDomainOffset
	Yes
	

	timeDomainAllocation
	
	Yes

	frequencyDomainAllocation
	
	Yes

	antennaPort
	
	Yes

	dmrs-SeqInitialization
	
	Yes

	precodingAndNumberOfLayers
	Yes
	

	srs-ResourceIndicator
	
	Yes

	mcsAndTBS
	Yes
	

	frequencyHoppingOffset
	Yes
	

	pathlossReferenceIndex
	Yes
	

	Potential new Parameters for Type 2 
	Can be common 
	Always separate 

	timeDomainAllocation-offset**
	FFS
	FFS

	frequencyDomainAllocation-offset***
	FFS
	FFS

	
	
	

	· Offset* e.g. harq-procID-offset: RAN2 agreed an offset for each configuration is needed for the calculation of the HARQ process ID
· timeDomainAllocation-offset**: For Type 2 CG, the starting transmission occasion is indicated by DCI field of Time domain resource assignment, to maintain this field size and enable different configurations having different starting transmission occasions, the time domain offset i.e., timeDomainAllocation-offset can be introduced.
· frequencyDomainAllocation-offset***: same as timeDomainAllocation-offset.



Based on above, it is observed that for reducing the latency and ensuring reliability by multiple configurations, most of the parameters can be the same for multiple configurations, while the initial transmission occasion should be different to reduce the first transmission alignment delay. DMRS configuration and/or frequency domain resource should also be different to facilitate gNB detection of the configuration with which the transmission associated. 
As reference, we calculated RRC signalling payload for CG configuration using current RRC signalling and without considering any MAC PDU header/sub-header. According to the calculation, at least 26 octets, i.e. 208bits, are needed for single Type 1 CG, and 42 octets, i.e. 336 bits, are needed for single Type 2 CG. Note that the main difference between the sizes for Type 1 and Type 2 comes from the setting of CG-UCI-OnPUSCH: i.e. dynamic (up to 4 lists of BetaOffsets) or semiStatic (one list of BetaOffsets). For reducing the latency and ensuring reliability by multiple configurations, significant amount of RRC overhead can be saved when most of the parameters can be shared for multiple configurations.
To have a unified signaling structure to support both use cases, i.e., different services/traffic types and reducing the latency and ensuring reliability, it is proposed to treat the multiple configurations as one configuration set or one configuration group. Fig.1 gives an example, in which with the same configured grant configuration group, multiple configurations are used to reduce the latency with most parameters sharing the same value; across the configured grant configuration group, all parameters should be separately configured to accommodate different service/traffic types.  
[image: ]
Fig. 1	Concept of configured grant configuration group.
Proposal 2:
· Introduce a concept of configured grant configuration group.
· UE can be configured with one or more configured grant configuration group.
· Within a group,
· UE can be configured with one or more configured grant configurations.
· Use of multiple configured grant configurations is to ensure K repetitions with reduced latency.
· Some parameters should be common across configured grant configurations.
· Some parameters should be independent across configured grant configurations.
· Across groups,
· Some parameters should be common across the groups.
· Some parameters should be independent across the groups.
· Use of multiple configured grant configuration groups is to support various service/traffic types.

When multiple configured grant configurations are configured/active, introducing a configuration index for each configured grant configuration is a straightforward way to manage and differentiate different configured grant configurations. For Type 2 configured grant, a configuration index can also be used to distinguish which configured grant configuration is activated/deactivated by an activation/deactivation DCI. Based on above, following are proposed:
Proposal 3:	
· A configuration index should be introduced for each configured grant configuration.
· The configuration index is used to manage and distinguish the configurations.
Note that in Rel.15, some parameters are independently defined for ConfiguredGrantConfig and PUSCH-Config, while some other parameters are not provided in ConfiguredGrantConfig, in which case parameters in PUSCH-Config are used, for example: parameters of dataScramblingIdentityPUSCH, txConfig, codebookSubset, maxRank, scaling of UCI-OnPUSCH and tp-pi2BPSK are not in the ConfiguredGrantConfig. At the end of Rel.15 WI, it was extensively discussed how these parameters can be flexibly configured, taking into account total DCI payload size, fixed NDI position to differentiate between activation/deactivation signalling and re-scheduling signalling, etc. Rel.15 tight timeline requires rushing agreements and hence the design was not much clean. In Rel.16, due to this URLLC SI and for other WIs/SIs, PUSCH would be enhanced and additional parameters will be defined for PUSCH configuration. The signalling design for configured grant should be designed to be cleaner, universal, and efficient.

2.2. Physical layer signaling  
For Type 2 configured grant configuration, L1 signalling is needed to activate/deactivate the configured grant. In Rel.15, DCI format 0_0 and 0_1 with CRC scrambled by CS-RNTI can be used as activation signalling, while only DCI format 0_0 can be used for deactivation signalling. Following special fields are defined to validate and differentiate between activation and deactivation signalling.
Table 10.2-1: Special fields for DL SPS and UL grant Type 2 scheduling activation PDCCH validation
	
	DCI format 0_0/0_1 
	DCI format 1_0
	DCI format 1_1

	HARQ process number
	set to all '0's
	set to all '0's
	set to all '0's

	Redundancy version
	set to '00'
	set to '00'
	For the enabled transport block: set to '00'



Table 10.2-2: Special fields for DL SPS and UL grant Type 2 scheduling release PDCCH validation
	
	DCI format 0_0 
	DCI format 1_0

	HARQ process number
	set to all '0's
	set to all '0's

	Redundancy version
	set to '00'
	set to '00'

	Modulation and coding scheme
	set to all '1's
	set to all '1's

	Frequency domain resource assignment
	set to all '1's
	set to all '1's



For multiple active configured grant configurations, it was agreed to support separate activation/release for different configured grant Type 2 configurations for a given BWP of a serving cell. FFS whether or not to support joint activation and/or release in a DCI for two or more configured grant Type 2 configurations.
It was said that the scheduling flexibility will be reduced if joint activation signalling is used for multiple CG configurations. While when multiple CG configurations are used to reduce the transmission alignment delay and enhance the reliability, such high flexibility is not necessary, rather the delay and overhead caused by separately activation each CG configuration is more concerned. 
Therefore, supporting both approaches is preferable. This can be realized by introducing explicit new field in the DCI similar as LTE SPS in V2X or by re-using/interpreting the existing field in the DCI to indicate which configured grant configuration(s) is/are activated/deactivated similar as LTE UL SPS in HRLLC. Re-interpretation of the existing filed is preferred considering the overhead. Re-interpretation RV field and/or HPN filed in activation DCI could be one possibility for indication of one or multiple configurations, since they are not used for differentiation the activation and deactivation signalling. 
In addition, it is also beneficial to reduce the overhead caused by MAC CE confirmation for multiple configurations. If the overhead reduction for MAC CE confirmation for multiple CG configurations are viewed as necessary in RAN1, an LS needs to be sent to RAN2. 
Proposal 4:
· For Type2 configured grant with multiple configured grant configurations, support joint activation/release in a DCI for multiple configured grant configurations for a given BWP of a serving cell.
· A field(s) in the activation/deactivation DCI should be able to indicate which configured grant configuration(s) to be activated/released
· FFS RV field and/or HPN field can be the re-used for this purpose.  

In addition, in Rel.15, only DCI format 0_0 and 1_0 can be used for deactivation signalling to reduce the downlink overhead. However, it cannot support the feature of cross-carrier scheduling. Therefore, for Rel.16 configured grant, both activation and deactivation DCI should be designed to support the feature of the cross-carrier scheduling. Detailed aspects are found in [6].  
2.3. HARQ ID determination 
UE and gNB should have common understanding on which HARQ process ID is assigned to a configured grant PUSCH. In Rel.15 configured grant, 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
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 [3]. 
For Rel.16 multiple active CG/SPS configurations, RAN2 agreed to introduce an offset e.g. harq-procID-offset for each configuration for the calculation of the HARQ process ID. The intention is to have a separate and non-overlapping HARQ process pool for each configuration to avoid the HARQ ID collisions. Therefore, it is natural to modify the above equation as following:
HARQ Process ID = 
[floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-procID-offset,
where harq-procID-offset is an integer to provide an offset for ID determination for the given configured grant configuration. nrofHARQ-Processes is also per configured grant configuration. By these change, HARQ process ID for each configured grant configuration can be chosen from a sub-pool of HARQ process IDs for each configured grant configuration. 

Proposal 5:
· Agree on following equation is used to derive HARQ process ID of a CG PUSCH transmission:
HARQ Process ID = 
[floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-procID-offset

3. Conclusion
In this contribution, we discussed the details for supporting multiple active configured grant configurations for a given BWP for URLLC, the proposals are summarized below: 
Proposal 1:
· The maximum number for the active configurations should be the same between DL SPS and UL CG.
· From RAN1 perspective, the maximum number of configurations for a given BWP of a serving cell can be 16.
Proposal 2:
· Introduce a concept of configured grant configuration group.
· UE can be configured with one or more configured grant configuration group.
· Within a group,
· UE can be configured with one or more configured grant configurations.
· Use of multiple configured grant configurations is to ensure K repetitions with reduced latency.
· Some parameters should be common across configured grant configurations.
· Some parameters should be independent across configured grant configurations.
· Across groups,
· Some parameters should be common across the groups.
· Some parameters should be independent across the groups.
· Use of multiple configured grant configuration groups is to support various service/traffic types.
Proposal 3:	
· A configuration index should be introduced for each configured grant configuration.
· The configuration index is used to manage and distinguish the configurations.
Proposal 4:
· For Type2 configured grant with multiple configured grant configurations, support joint activation/release in a DCI for multiple configured grant configurations for a given BWP of a serving cell.
· A field(s) in the activation/deactivation DCI should be able to indicate which configured grant configuration(s) to be activated/released
· FFS RV field and/or HPN field can be the re-used for this purpose.  
Proposal 5:
· Agree on following equation is used to derive HARQ process ID of a CG PUSCH transmission:
HARQ Process ID = 
[floor(CURRENT_symbol/periodicity)] modulo nrofHARQ-Processes + harq-procID-offset
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