3GPP TSG RAN WG1 Meeting #96bis                               R1-1905609  
[bookmark: OLE_LINK1]Xi’an, China, April 8th – 12th, 2019 

Agenda Item:	7.2.6.6
Source:	NTT DOCOMO, INC.
[bookmark: _Toc521704559]Title:	Summary of 7.2.6.6 Enhanced UL configured grant transmission
Document for:	Discussion and decision 

1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The URLLC L1 work item was approved in RAN#83 in RP-190726. The objective for enhanced UL configured grant is noted as below:
	· Specification of enhanced UL configured grant transmission [RAN1, RAN2]
· Multiple active configured grant type 1 and type 2 configurations for a given BWP of a serving cell 
· Note: V2X use cases are also considered 


 
This document summarizes the issues discussed under agenda item 7.2.6.6 based on the contributions submitted to this agenda as listed in the Appendix.
1 
2 
2 offline discussion outcome
Proposal 1: 
· Support independent parameters for different configured grant configurations for a given BWP of a serving cell.
· FFS further RRC signalling optimization 
[bookmark: _GoBack]Proposal 1’: 
· Support independent activation/release DCI for different configured grant Type 2 configurations for a given BWP of a serving cell.
· FFS further DCI signalling optimization

Proposal 2:
· One or multiple Type 1 configured grant configuration(s) and one or multiple Type 2 configured grant configuration(s) can be simultaneously active for a given BWP of a serving cell.
· Supporting companies: HW, DCM, Nokia, vivo, Spreadtrum, Sharp, LGE
· Only support same Type of multiple configured grant configurations 
· Supporting companies: Ericsson, MTK, QC, ZTE  

Current status: 
Background:
The objective for enhanced UL configured grant:
	· Specification of enhanced UL configured grant transmission [RAN1, RAN2]
· Multiple active configured grant type 1 and type 2 configurations for a given BWP of a serving cell 
· Note: V2X use cases are also considered 



Status: 
· Feature lead suggest to agree on the following design target for multiple configured grant configurations: 
· different services/traffic types 
· enhancing reliability and reducing latency 

· Some companies understand that multiple active CG configurations for a BWP of a serving cell should be specified to support different service/traffic types and enhancing reliability and reducing latency. The key discussion point is whether we need to further optimize the design to support the use case of enhancing reliability and reducing latency.
· Three companies CATT, Ericsson, HW understand that multiple active CG configurations for a BWP of a serving cell should be specified to support different service/traffic types. Enhancing reliability and reducing latency is not the design target.
Suggestions:
· It is still proposed to agree on the following design target for multiple configured grant configurations: 
· different services/traffic types
· enhancing reliability and reducing latency 
Note: agreements achieved during the RAN2 #105bis meeting 
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. 

3 Reduce Tx alignment delay and ensure reliability for the same traffic type 
At RAN1#95, following agreements were made for configured grant:
Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 
· FFS details
· Note: it is understood that the above may be related to RAN2-led work on intra-UE multiplexing
· One PUSCH transmission instance is not allowed to cross the slot boundary for UL configured grant 

According to the discussion so far, there are two different understandings on multiple configured grant (CG) configurations:
· Understanding 1: Multiple active CG configurations is for different service/traffic types. The above agreements do not imply that multiple active CG configurations is for different service/traffic types “and” for enhancing reliability and latency.
· Understanding 2: Multiple active CG configurations is indeed for different service/traffic types “and” for enhancing reliability and latency. As described in Section 1, the WID only scopes multiple active CG configurations and hence, multiple CG configurations should enable both.
For understanding 2, multiple active CG configurations should be designed to cover both targets; already specified multiple UL SPS configurations for LTE HRLLC could be a reference.
For understanding 1, additional solution is necessary for enhancing reliability and latency. During the RAN1#96 meeting, various proposals of using single CG configuration to reduce the transmission alignment delay ensure the ensure reliability for a given URLLC service were presented and still proposed in this meeting by [HW, 3959], [Ericsson, 4127], [Ericsson, 4141], [CATT, 5364]. In general, this ‘single CG configuration’ solution can be further classified into following options, illustrations are shown in Fig. 1 below:
· Option 1: using one CG configuration with different starting transmission occasions. CG transmissions including repetitions are allowed to cross the boundary of a period P.
· Proposed by [Huawei, 3959], [Ericsson, 4127], [CATT, 5364]
· Option 2: using one CG configuration with different starting transmission occasions. CG transmissions including repetitions are not allowed to cross the boundary of a period P.
· Proposed by [Ericsson, 4141]
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Option 1
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Option 2: with periodicity=10 slots, repK=4, offset step size =2 (slots). (a)-(d): Due to starting occasion offset, the 4 possible TB transmissions start with slot 0, 2, 4, 6, respectively. [R1-1904141]
Fig. 1: Options of using one CG configuration to reduce Tx alignment delay and ensure reliability
 
First, option 2 alone cannot achieve the same latency performance as option 1; if a traffic comes at the 6th slot, the UE is not allowed to start the transmission until the next periodicity starts.
Option 1 can achieve the same latency performance as the solution using multiple active CG configurations in case of understanding 2. However, option 1 is considered to have following benefits and drawbacks compared to the solution using multiple active CG configurations:
· Benefits:
· Efficient resource utilization compared to multiple active CG configurations. The same frequency-domain resource and less DMRS resource number is required for a single CG configuration while more resources (frequency and/or DMRS) need to be reserved for multiple CG configurations. [Huawei, 3959], [CATT, 5364] 
· Lower RRC configuration overhead for a single CG configuration compared to (fully independently/separately configured) multiple CG configurations. [Ericsson, 4127]
· Lower PHY overhead for Type-2 CG, as a single DCI can be used to activate / release the single CG with the multiple different starting points. [Ericsson, 4127], [CATT, 5364]
· Simpler UE operation when having the same frequency-domain RA for the different starting points, as the UE can basically create the CG PUSCH transmission signal independently of the starting point. [MTK, 4508]
· Drawbacks:
· Operational limitations for multiple users with respect to DM-RS to PUSCH collision and the related DM-RS detection performance. [Nokia, 5147]
· Less flexibility: option 1 does not allow to use different frequency resources when having different offsets and requires different DMRS for different offsets for gNB identification [Intel, 4310]
· Potential increased overhead: depending on PUSCH repetition design, different offsets result in different distribution of segment durations and/or the number of segments, which may require more than one MCS and RV sequence. [Intel, 4310]  
However, it is pointed out by some companies that above benefits achieved by option1 a single CG configuration can be realized by multiple CG configurations [MTK, 4508], [Nokia, 5147], [DCM, 4962].
As shown in Fig. 2, [MTK, 4508] proposed to support CG configuration with multiple shifted starts for the initial transmission. However, it is pointed out that the goal intended to achieve can also be realized by the solution using multiple active CG configurations having the same transmission parameters apart from the starting symbol for the time domain allocation and the DMRS for each configuration. 
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Fig. 2: An example of CG configuration with multiple shifted starts [R1-1904508]

[Nokia, 5147] mentioned the intended operation mode as shown in Fig.3 can be realized by ‘multiple CG configurations’ or ‘single CG configuration’. It is possible to configure, activate and operate multiple CG configurations in the same way as with single CG configuration by using the concept of ‘CG configurations groups/sets’, see Fig.4.
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Fig 3: The same CG setup expressed as multiple CG configurations or single CG configuration (with different starting occasions) [R1-1905147]

[image: ]
Fig. 4:	Concept of configured grant configuration group / sets [R1-1904962]

[Nokia, 5147] further explained the advantages of the concept of ‘CG configurations groups/sets’, compared to option 1:
· The Rel-15 understanding of a single CG configuration in terms of having non-overlapping transmission occasions can be kept (i.e. no inter single CG collision handing needed). 
· The Rel-15 understanding of a single CG configuration in terms of having a fixed nominal start and end of the transmission occasion can be kept. 
· The Rel-15 configuration restriction of (K*L) <= P can be kept. 
· The UE capability discussion on the supported total number CG configurations will be simplified, as each CG configuration is to be counted independently (7 in total in Figure 4) whereas for Single CG configurations for the example in Figure 4 three CG configurations are needed. But each of these Single CG has a different UE complexity in terms of the number of different starting points of transmission occasions (4, 2 and 1 for the example of Figure 4). 
Based on the technical discussions above and the WID scope presented in Section 1, feature lead recommendation is to move forward designing multiple active CG configurations such that both of the intended enhancements are realized. Pros/cons discussed for option 1 can be taken into account for the specification work. 
[bookmark: _Hlk5451131]Proposal 1: 
· Specify multiple active CG configurations for a BWP of a serving cell so that both of the following targets are achieved.
· Different service/traffic types
· Enhancing reliability and reducing latency
· Design of multiple active CG configurations should consider following:
· RRC/L1 signalling overhead should be able to be reduced when the multiple active CG configurations is used for enhancing reliability and reducing latency for a given URLLC service.
· Further work on at least following open issues for multiple active CG configurations:
· Higher-layer signalling design including RRC signalling
· Physical-layer signalling design including activation/deactivation DCI
· HARQ process ID determination
Any comments?
	Company
	View

	LG
	We are OK with this proposal. 
For our understanding, gNB can utilize multiple configured grant configuration for its own purpose even though that purpose is not our decision. As described in our contribution and Nokia mentioned, the meaning of “single configuration” should be based on rel.15 configured grant design. In this sense, it is hard to find different between multiple configuration and single configuration solutions.
Moreover, Considering WID and limited time, it seems necessary to focus on how to facilitate multiple configuration.

	
	

	
	



4 Support multiple active configured grant configurations for a given BWP of a serving cell
In the following, the support for multiple CG configurations from higher layer configurations and physical layer signalling for a given BWP of a serving cell is discussed and possible proposals are made based on the survey of submitted contributions.  
4.1 Higher layer aspects
For different services/traffic types, most companies: [HW, 3959], [OPPO, 4047], [Ericsson, 4127], [ZTE, 4148], [vivo, 4086], [Sony, 4239], [Intel, 4310], [Samsung, 4445], [Panasonic, 5096], [Spreadtrum, 4787], [LG, 4632], [Nokia, 5147], [DCM, 4962], [KDDI, 5460], proposed to enable separate configurations of parameters for different active CG configurations. 
In Rel.15 NR, Type 1 and Type 2 configured grant PUSCH are supported. [vivo, 4086], [Spreadtrum, 4787], [DCM, 4962] proposed to support multiple active CG configurations for both Type 1 and Type 2 for a given BWP of a serving cell for different service/traffic types.
[Ericsson, 4127] proposed that the configured grant Type1 and Type2 cannot be simultaneously active in one BWP of a cell. This is because the signalling/procedure differences of the two Types simultaneously running in one cell would complicate the system, although these two types target for different services. This would be true if the multiple active CG configurations is for enhancing reliability and reducing latency for a given URLLC service. However, for different service/traffic types, it could be the case where one CG configuration is for delay tolerant and sporadic traffic while another CG configuration is for delay stringent and regular traffic, in which case Type1 for one traffic and Type2 for another traffic would be beneficial. Besides, as long as independent/separate parameters/configurations for multiple CG configurations are used, it seems the complexity is similar for supporting multiple CG configurations with the same CG Type and for supporting multiple CG configurations with different CG Types. 
Based on above, following are proposed:
Proposal 2: 
· For the purpose of accommodating different services/traffic types, 
· Support independent/separated configurations or parameters for different configured grant configurations for a given BWP of a serving cell.
· One or multiple Type 1 configured grant configuration(s) and one or multiple Type 2 configured grant configuration(s) can be simultaneously active for a given BWP of a serving cell.
Any comments?
	Company
	View

	LG
	We are generally fine with this proposal. We also think some parameter can be shared if some configurations are used for same service. However, if one DCI cannot activate multiple configuration, the benefit of shared parameter is limited to optimization of RRC overhead. So we would like to consider proposal 4 and 5 first. 

	
	

	
	



For enhancing reliability and reducing latency, [HW, 3959], [OPPO, 4047], [vivo, 4086], [ZTE, 4148], [Ericsson, 4127], [Sony, 4239], [Samsung, 4445], [MTK, 4508], [Panasonic, 5096], [LG, 4632], [Spreadtrum, 4787], [Nokia, 5147], [DCM, 4962], [KDDI, 5460] claimed that most parameters (e.g. periodicity, repetition number, resource size, MCS table/level, etc.) should be able to be the same, except for the starting transmission occasions and/or DMRS for multiple CG configurations. 
As discussed in section 2, to reduce the signalling overhead and simplify UE implementation on CG PUSCH generation, [Spreadtrum, 4787], [Samsung, 4445], [DCM, 4962], [Nokia, 5147], [Panasonic, 5096], [KDDI, 5460] proposed to consider/study the CG configuration group/set type of configuration such that two-level configurations are used; first-level is configured grant configuration group/set, and second-level is configured grant configuration. For a given BWP of a serving cell, one or multiple configured grant configuration groups/sets can be configured and then, in each configured grant configuration group/set, one or multiple configured grant configurations can be included. For a given configured grant configuration group/set, most parameters should be the same for all the configured grant configurations except for the time domain resource offset. Across different configured grant configuration groups, parameters should be configured independently such that different traffic types can be accommodated. 
For multiple CG configurations, [HW, 3959], [OPPO, 4047], [Ericsson, 4127], [Sony, 4239] [DCM, 4962] proposed to introduce a configuration index to differentiate and manage the multiple configured grant configurations. 
[HW, 3959], [vivo, 4086], [Ericsson, 4127], [Intel, 4310], [Panasonic, 5096], [DCM, 4962] discussed the maximum number of active configured grant configurations for a BWP of a serving cell. 
· [Panasonic, 5096] and [DCM, 4962] prefers to up to 8 configurations since 8 is the current supported maximum number for SR configurations and repetition/aggregation factor of a PDSCH/PUSCH/PUCCH. 
· [Ericsson, 4127], [CATT, 5364] proposed the maximum number of simultaneously active CG configurations is 16, given that the maximum number of HARQ processes in NR is 16.
· [Intel, 4310] proposed to support at least 8 activated configurations to capture V2X requirements, e.g. handle basic safety services
· [HW, 3959] proposed the maximum number of active CGs is up to RAN2 to decide. 
· [vivo, 4086] proposed the total number of CGs should include Type 1 and Type 2 UL configured grant and be configured by RRC. 
Based on above, following are proposed:
Proposal 3:
· For multiple CG configurations, at least the higher layer parameter of a configuration index associated with a configured grant configuration or a set/group of configured grant configurations is introduced.
· FFS other new parameters
Any comments?
	Company
	View

	LG
	We are fine with this proposal. We think that it could be necessary at least to release multiple configuration by one DCI.

	
	



Proposal 4:
· For multiple CG configurations, the maximum number of active CG configurations including both Type 1 and Type 2 for a given BWP of a serving cell is at least 8.
Any comments?
	Company
	View

	LG
	Considering multiple configuration can be used for multiple service, it might be not enough to have 8 maximum CGs, and thus we think this needs to be further discussed with taking into account both support of multiple service types and latency reduction.

	
	



4.2 Physical layer aspects
4.2.1 Activation signalling design for Type 2 configured grant configuration
At least for different services/traffic types, [HW, 3959], [OPPO, 4047], [vivo, 4086], [ZTE, 4148], [Intel, 4310], [Nokia, 5147], [Samsung, 4445], [Spreadtrum, 4787], [DCM, 4962], [QC, 5024], [Panasonic, 5096], [KDDI, 5460], [Sony, 4239], [CATT, 5364] proposed that for Type2 multiple active CG configurations, independent DCI signalling can be used for activation to provide the needed flexibility in scheduling parameters setting. 
For enhancing reliability and reducing latency, [OPPO, 4047], [vivo, 4086], [ZTE, 4148], [Sony, 4239], [CATT, 5364], [Spreadtrum, 4787], [DCM, 4962], [Nokia, 5147], [Panasonic, 5096], [KDDI, 5460] proposed that it is beneficial to use one DCI to activate multiple CG configurations for overhead and latency reduction if the most parameters are the same for multiple CG configurations. 
[Samsung, 4445] proposed to study further if single DCI to activate or deactivate multiple Type 2 configured grant configurations shall be supported and preferred not to increase the DCI size if supported. 
4.2.2 Deactivation signalling design for Type 2 configured grant configuration
Similar to activation signalling, deactivation signalling can deactivate per CG configuration or per multiple CG configurations of the BWP of the serving cell. [QC, 5024] proposed a group-common DCI should be supported to release a group of CG configurations.
For activation/deactivation signalling, [HW, 3959], [OPPO, 4047], [Intel, 4310], [Samsung, 4445], [DCM, 4962] claimed that CG configuration/CG configuration group index is needed to differentiate which configuration/configuration group is activated/deactivated. In particular, [HW, 3959] proposed MSB bit(s) of the HPN field in the activation/deactivation DCI is used for activation/deactivation validation, while the other 3 bits of the HPN field are used for configuration index indication; [OPPO, 4047] proposed to use the field of HARQ process ID in the activation/deactivation DCI to indicate CG index; [DCM, 4962] proposed to further study re-using RV field and/or HPN field  for CG configuration index indication; [Intel, 4310] proposed the index can be indiated by a DCI field not used to derive PUSCH transmission settings. 
Based on above, following proposals were made: 

Proposal 5:
· For Type2 multiple CG configurations, single activation/deactivation DCI should be able to activate/deactivate one or multiple CG configurations for a given BWP of a serving cell.
· A DCI field that is not used to derive PUSCH transmission settings in activation/deactivation DCI should be used to indicate which CG configuration(s) to be active/deactivate.
Any comments?
	Company
	View

	LG
	We think that it could be necessary at least to release multiple configuration by one DCI. For activation, we think it is highly related to PUSCH enhancement; Time-domain resource allocation method. So, it could be better to wait outcome of PUSCH enhancement agenda. 

	
	



4.2.3 HARQ process 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 for a configured grant PUSCH transmission 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. 
In case of multiple active CG configurations, UE may transmit a PUSCH based on one of multiple active CG configurations. Even if the PUSCH resource and/or DMRS sequence is unique for the CG configuration, there will be HARQ process ID collision depending on the CURRENT_symbol, periodicity, and nrofHARQ-Processes. Following options are identified:
· Option 1: Adding parameter(s) into the Rel.15 HARQ process ID determination for the configured grant [Ericsson, 4127], [ZTE, 4148], [Intel, 4310], [DCM, 4962], [QC, 5024], [Nokia, 5147], [vivo, 4086], [Sony, 4239], [LG, 4632], [CATT, 5364].
· The additional parameter(s) can be: 
· HARQ process ID offset/Configurable offset [Ericsson, 4127], [ZTE, 4148], [Intel, 4310], [DCM, 4962], [QC, 5024], [Nokia, 5147], [vivo, 4086], [Sony, 4239], [LG, 4632], [CATT, 5364]
· DMRS related parameters, e.g. sequence, antenna port, frequency-domain resource etc. [Sony, 4239]
· Symbol offset [LG, 4632]
· Benefit: less specification impact
· Option 2: UE reports the HARQ process ID as part of the UCI [vivo, 4086], [Sony, 4239].
· Benefit: could be a common solution with NR-U
· Concerns: how to ensure high reliability for UCI; additional efforts on UCI type/contents/size and multiplexing methods in CG PUSCH. [ZTE, 4148]
For enhancing reliability and reducing the latency, [LG, 4632] and [CATT, 5364] observed that a UE does not select more than one CG configuration to transmit a PUSCH within one period; in the dashed square in Fig.5, if the UE select one CG configuration to transmit a PUSCH, the UE will not use others. Therefore, there is no HARQ process ID collision among multiple active CG configurations. The HARQ process ID offset can be configured to be the same. 
[image: ]
Fig.5 An example of multiple configured grant with HARQ process sharing (Considering configurations in dashed square, if the UE uses one of them for uplink, others cannot be used. So allocating different HARQ process number for those CG configurations is redundant.)
Proposal 6:
· To determine the HARQ process ID, in case multiple configured grant configurations for a given BWP of a serving cell is configured, 
· A HARQ Process ID offset e.g. harq-procID-offset, is introduced per configured grant configuration or per configured grant configuration group/set.
· nrofHARQ-Processes should be configured per configured grant configuration or per configured grant configuration group/set.
· 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

Any comments?
	Company
	View

	LG
	To make no HARQ ID collision among multiple configuration with shared HARQ process pool, we need to align HARQID-to-TO association among multiple configuration. As seen in above, current equation is rely on CURRENT symbol index. So, different TO in different symbol may have different HARQ process ID. To align HARQ ID association, we suggest to add one more parameter (symbol-offset) like below:
HARQ Process ID = [floor((CURRENT_symbol + symbol-offset)/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset

	
	



5 Other enhancements
Other potential enhancements proposed by some companies are summarized below. 
For periodicity, 
· [Ericsson, 4127] proposed new periodicity values for supporting V2X services: {sym50x14, sym100x14, sym200x14, sym300x14, …., sym1000x14}, {sym50x12, sym100x12, sym200x12, sym300x12, …., sym1000x12}.
· [QC, 5024] proposed to support following new SPS periodicity values for NR: 0.5 ms, 1 ms, 2 ms, and 5 ms, where support for SPS periodicity value of 0.5 ms is only required for SCS greater than or equal to 30 kHz.
· [Nokia, 5147] proposed to specify additional CG periodicities P<14 other than 2 and 7 symbols for a single CG configuration. 
For repetition factor, 
· [HW, 3959] proposed additional values e.g. 3/5/6/7 should be supported.
For enhancement of multiple Type 1 configurations, 
· [Nokia, 5147] proposed to support a dynamic CG profile/configuration change for Type 1 CG through UE pre-configuration of multiple CG Type 1 configurations by RRC signalling, which can be dynamically exchanged/selected by DCI signalling, since for Type 1 CG, the parameter change can only rely on RRC reconfiguration which results in long delay and undefined UE behaviour during RRC reconfiguration ambiguity.
For differentiation between the activation and Re-transmission DCI,
· [HW, 3959] proposed for Type 2 configured grant in Rel.16, when multiple configurations are configured by higher layer and when CRC of DCI format 0_1 is scrambled by CS-RNTI, the positions of NDI and HPN should be fixed even if the different Type 2 configurations are configured with different higher layer parameters resulting in different bit widths for FDRA and/or FH flag. 

Proposal 7:
· Discuss above enhancements in section 4 during the meeting. 
6 Proposal summary
Based on the survey and above discussions. All proposals are summarized as following:
Proposal 1: 
· Specify multiple active CG configurations for a BWP of a serving cell so that both of the following targets are achieved.
· Different service/traffic types
· Enhancing reliability and reducing latency
· Design of multiple active CG configurations should consider following:
· RRC/L1 signalling overhead should be able to be reduced when the multiple active CG configurations is used for enhancing reliability and reducing latency for a given URLLC service.
· Further work on at least following open issues for multiple active CG configurations:
· Higher-layer signalling design including RRC signalling
· Physical-layer signalling design including activation/deactivation DCI
· HARQ process ID determination
Proposal 2: 
· For the purpose of accommodating different services/traffic types, 
· Support independent/separated configurations or parameters for different configured grant configurations for a given BWP of a serving cell.
· One or multiple Type 1 configured grant configuration(s) and one or multiple Type 2 configured grant configuration(s) can be simultaneously active for a given BWP of a serving cell.
Proposal 3:
· For multiple CG configurations, at least the higher layer parameter of a configuration index associated with a configured grant configuration or a set/group of configured grant configurations is introduced.
· FFS other new parameters
Proposal 4:
· For multiple CG configurations, the maximum number of active CG configurations including both Type 1 and Type 2 for a given BWP of a serving cell is at least 8.
Proposal 5:
· For Type2 multiple CG configurations, single activation/deactivation DCI should be able to activate/deactivate one or multiple CG configurations for a given BWP of a serving cell.
· A DCI field that is not used to derive PUSCH transmission settings in activation/deactivation DCI should be used to indicate which CG configuration(s) to be active/deactivate.
Proposal 6:
· To determine the HARQ process ID, in case multiple configured grant configurations for a given BWP of a serving cell is configured, 
· A HARQ Process ID offset e.g. harq-procID-offset, is introduced per configured grant configuration or per configured grant configuration group/set.
· nrofHARQ-Processes should be configured per configured grant configuration or per configured grant configuration group/set.
· 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
Proposal 7:
· Discuss above enhancements in section 4 during the meeting. 

7 Appendix: 
7.1 Companies’ proposals
R1-1903959 Enhanced UL configured grant transmission Huawei, HiSilicon
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Figure 1 Single PUSCH in a UL period with flexible start leads to collision between DMRS and data
[image: ]
Figure 2 A longer delay (7 symbols) is introduced in Option 5 to avoid DMRS and data collision
[image: ]
Figure 3 A much shorter delay (3 symbols) is introduced in Option 4 with no DMRS and data collision
Observation 1: Option 2&5 may lead to collision between DMRS and data in case the t/f resources are shared by multiple UEs, and to avoid such collision, a large delay for the delivery of a packet will be introduced. Neither is acceptable for URLLC with stringent requirements on both latency and reliability.
Observation 2:  Option 2&5 have no extra benefits but complicate the design of configured grant compared to Option 1&4.
Observation 3: Further discussion on the design of the table and also on the tradeoff between the table size and the resource configuration flexibility are needed for Option 6.
Proposal 1: Option 2&5 should not be supported for configured grant in Rel.16.
Proposal 2: Either Option 1 or Option 4 should be supported for configured grant in Rel.16. FFS the details.

[image: ]
Figure 4 RV0 is associated with the shortest transmission occasion
[image: ]
Figure 5 RV0 is associated with the longest transmission occasion
Proposal 3: When the durations of the K transmission occasions are not identical, to improve decoding performance, RV determination should guarantee the transmission occasion with the longest duration can be associated with RV0 when RV sequence {0231} or {0303} is configured.
[image: ]
Figure 6 The two cases that lead to a less repetition number than the configured one (K=4)
Observation 4: Using multiple active configurations for low latency and ensuring K repetitions is not efficient in terms of resource utilization, as much more resources (frequency and/or DMRS) need to be reserved for the support of only one service/traffic type.
Observation 5: Due to limited frequency and/or DMRS resources, it is not always possible to configure a sufficient number of active configurations to enable low latency and ensure K repetitions for one service/traffic type, especially when there are different services/traffic types to be supported simultaneously.
Observation 6: Due to limited entries of the higher-layer configured time-domain allocation table, it is not always possible to find a sufficient number of SLIVs that have different S but same L for multiple active configurations to support low latency and ensure K repetitions.
Observation 7: Even if multiple active configurations can be configured for low latency and ensuring K repetitions, the actual repetition number may still be less than the configured number K when a TO is not available due to symbol confliction or resource collision with other UL transmission with higher priority, which is very possible to happen as the TOs are semi-statically allocated.
Proposal 4: For both Type 1 and Type 2 configured grants in Rel.16, K repetitions (either slot-based or mini-slot-based) with R15 flexible start and across period boundary should be supported.
[image: ]
Figure 7 K=4 repetitions across period boundary
Proposal 5: To support K repetitions across period boundary, a UE can be configured with two orthogonal DMRS ports for one configuration for initial transmission identification.
Proposal 6: For both Type 1 and Type 2 configured grants in Rel.16, multiple active configurations for different services/traffic types should be supported.
Proposal 7: For both Type 1 and Type 2 configured grants in Rel.16, all the higher layer parameters of different configurations should be configured separately.
Proposal 8: For both Type 1 and Type 2 configured grants in Rel.16, in addition to the parameters defined in ConfiguredGrantConfig IE in Rel.15, at least a configuration index should be configured for each configuration.
Proposal 9: It is up to RAN2 to decide the maximum number of active configurations for a BWP.
Proposal 10: For Type 2 configured grant in Rel.16, when multiple configurations are configured by higher layer, one DCI in one PDCCH is used to activate/deactivate only one configuration.  
Proposal 11: For Type 2 configured grant in Rel.16, when multiple configurations are configured by higher layer, the MSB of the HPN field in DCI is used for activation/deactivation validation, while the other 3 bits are used for configuration index indication.
Proposal 12: For Type 2 configured grant in Rel.16, when multiple configurations are configured by higher layer and when CRC of DCI format 0_1 is scrambled by CS-RNTI, the positions of NDI and HPN should be fixed even if the different Type 2 configurations are configured with different higher layer parameters resulting in different bit widths for FDRA and/or FH flag. 
Proposal 13: For both Type 1 and Type 2 configured grants in Rel.16, additional values for repetition number configuration should be supported, e.g., 3/5/6/7.



R1-1904047 Configured grant enhancements for URLLC OPPO
	Proposal 1: Configured grant index should be added in ConfiguredGrantConfig.
Proposal 2: The field of HARQ process ID in DCI can be reused to indicate configured grant index. 
Proposal 3: Signaling for configured grant for different services should be independent, including ConfiguredGrantConfig and UL grant type2 scheduling activation PDCCH.
Proposal 4: Multiple configured grants for the same service can share one UL grant type2 scheduling activation/release PDCCH to reduce signaling overhead.
Proposal 5: HARQ process number (4 bits), Redundancy version (2bits) and TPC command for scheduled PUSCH (2 bits) in DCI are total 8 bits to bitmap up to 8 configured grants.




R1-1904086 Enhanced UL configured grant transmissions for URLLC vivo
	Proposal 1: Regarding multiple resource configurations, following options can be adopted.
•	Option 1: Different DMRS parameters/sequences are configured for different resource configurations 
•	Option 2: UCI carrying information of UE selected resource configuration is transmitted with data. 
· UCI including HARQ ID is transmitted together with data.
· NDI is included in grant-free UCI to differentiate initial transmission and repetitions.
· RV sequence is not associated with the transmission occasion, and RV is included in grant-free UCI.
· UCI is multiplexed onto each repetition.
Proposal 2: The total number of resource configurations including type 1 and type 2 UL configured grant is configured by RRC.
Proposal 3: Multiple active configured grant configurations can be enabled for both Type 1 and Type 2 configured grant transmission.
Proposal 4: For a UE configured with multiple type 2 UL configured grant configurations, a DCI activating/deactivating one or multiple resource configuration can be supported.
•	The activated/deactivated configuration(s) is indicated by the activation/deactivation state field in the activation/deactivation DCI
•	The mapping between activation/deactivation state field and activated/deactivated configuration(s) is configured by RRC
Proposal 5: For HARQ process ID determination in case of multiple resource configurations, following options can be adopted
•	Opt. 1: For each configuration, HARQ ID is determined on the timing of the first transmission occasion within a period.
•	Opt. 2: HARQ ID determination is dependent on timing of the actual initial transmission
•	Opt. 3: HARQ ID determination is independent on timing of the transmission or transmission occasion. HARQ ID.
[image: ]
[bookmark: _Ref525633137][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Figure 1: Example of repetitions with multiple resource configurations 
Proposal 6: For repetitions with multiple resource configurations, 
· Multiple resource configurations with different starting offsets can be configured to enable flexible starting time and ensure K repetitions




R1-1904127 Enhancement of Configured Grant for NR URLLC Ericsson
	[image: ]

[bookmark: _Ref528976341]Figure 1: Industrial deterministic traffic with different arrival, and payload size. In this figure, CG1 and CG2 are two configured grant transmissions respectively with periodicity P1 and P2.
Observation 1	Multiple configurations of UL CG is a feasible solution to support multi-streams/flows for industrial TSN traffic.
Observation 2	Introducing more CS-RNTI for different configuration increases the false alarm rate.
Proposal 1	Indicate each configuration by introducing an index into ConfiguredGrantConfig IE table.
Proposal 2	Maximum number of simultaneously active configured grant configurations is 16.
Proposal 3	Parameters in the rel-15 single UL CG configuration are also configurable per configuration for multiple configured grant.
Proposal 4	Configured grant Type1 and Type2 cannot be simultaneously active in one BWP.
Proposal 5	New periodicity values are added for supporting V2X services: {sym50x14, sym100x14, sym200x14, sym300x14, …., sym1000x14}, {sym50x12, sym100x12, sym200x12, sym300x12, …., sym1000x12}.
[image: ]
Observation 3	Existing mechanism for identifying HARQ Process ID of configured grant is not tailored for active multiple configured grant configurations (with short periodicity) per UE’s B Proposal 6	Add a configurable offset per each configured grant configuration in the HARQ process ID calculation rule. WP.
[image: ]
[bookmark: _Ref4499834]Figure 2: Ensuring K repetition using single configuration. In a) data arrives on time and there will be K=4 repetitions. In b) data arrives in the first TO and since crossing the periodicity boundary is not allowed then there will not be 4 repetitions.  In c) crossing the periodicity is allowed and there will be K=4 repetitions.
Proposal 7	Allow CG transmissions to cross the periodicity boundary to ensure K repetition.





R1-1904148 Enhanced for UL grant free transmission ZTE
	Proposal 1: For parameters of multiple configured grant configurations, 
· Parameters are configured independently among multiple configurations for support of use case 1. 
· Only the time/frequency resource starting offsets and the HARQ-ID offsets are configured independently for support of use case 2.
Proposal 2: For activation/deactivation of multiple configured grant configurations, 
· using independent DCI signaling to activate/deactivate each configuration for supporting different services/traffic type,
· using a common DCI signaling to activate/deactivate one or more configurations for enhancing reliability and reducing latency.
· considering the usage of MAC-CE signaling to update configuration parameters of multiple configured grants
Proposal 3: For multiple configurations, HARQ ID is determined by the first PUSCH repetition within a period for each configuration, and a HARQ ID offset is used to differentiate different configurations.



R1-1904239 Consideration on enhanced UL grant-free transmissions Sony
	Proposal 1: The parameters for each configured grant configuration are independently configured.
Proposal 2: A configuration index is introduced to differentiate the multiple configured grant configurations.
Proposal 3: The following options should be further discussed for HARQ process determination for the multiple configurations. 
-	HARQ process ID is determined by starting symbol of the PUSCH transmission and other parameter configured for each configuration, e.g. DMRS parameter
-	HARQ process ID is transmitted from UE as UCI
Proposal 4: Some of configured grant configurations are jointly activated and deactivated by single DCI signaling.



R1-1904310 Enhanced UL CG PUSCH Intel Corporation
	Observation 1
· In order to capture NR V2X related requirements in the design of multiple active configured grants, the following is assumed to be incorporated
· Support at least 8 activated configurations, each of them having different transmission parameters
· Support activation/deactivation of each configuration by separate DCI in case of Type 2 CG
Observation 2
· Introduction of enhancements to CG targeting single configuration is not justified
Proposal 1
· Multiple RRC configurations of CG-PUSCH are provided per BWP
· At least 8 configurations are supported
•	Support activation/deactivation of each configuration by separate DCI in case of Type 2 CG
· Activation/deactivation of a configuration in case of CG-PUSCH type 2 is distinguished by a DCI field not used to derive PUSCH transmission settings
•	HARQ ID offset is added as part of each CG-PUSCH configuration
•	UE is not expected to transmit simultaneously according to more than one CG-PUSCH configuration



R1-1904445 Multiple active configured grants for URLLC Samsung
	

Figure 1 
Proposal #1: For Type 1 configured grant, at least different starting offset can be separately configured for each active configured grants in a BWP. 
Proposal #2: For Type 1 configured grant, it is up to gNB to configure same or different parameters for each configured grants.  
Proposal #3: Separated DCIs for activation/deactivation is supported as a baseline for Type 2 configured grant.
Proposal #4: Multiple configuration sets in RRC can be configured for Type 2 configured grant.
Proposal #5: DCI for activation/deactivation is used to indicate the associated configuration set to obtain the parameters configured by RRC. 
Proposal #6: If multiple active configured grants associated with one configuration set can be activated, DCI for activation/deactivation is used to indicate the index of the active Type 2 configured grant.


Figure 2 
Proposal #7: Further study if single DCI to activate or deactivate multiple Type 2 configured grant configurations shall be supported or not.
•	If supported, strive to not increase DCI size.



R1-1904508 Enhancements for NR configured-grant MediaTek Inc.
	[image: ]
[bookmark: _Ref521335772]Figure 1: Repetition pattern in the current design of configured-grant.
Observation 1: Using multiple active CG configurations with independent parameters to reduce the alignment delay increases the time required to prepare the PUSCH transmission by the UE, and introduces unnecessary signalling overhead.
Proposal 1: For supporting multiple services at the UE, the multiple active CG configurations should be configured and activated/deactivated independently.
Proposal 2: For NR Rel-16, support CG configuration with multiple shifted starts for the initial transmission.



R1-1904632 Enhanced UL configured grant transmission for NR URLLC LG Electronics
	
[image: ]
Figure 1. An example of multiple configured grant with HARQ process sharing
Proposal 1: RAN1 discusses how to reduce latency and enhance reliability with multiple configured periodic resources. Overall higher layer signaling design of multiple configured grant configurations should be up to RAN2 
Proposal 2: For multiple configurations of configured grant,
· HARQ process pool of each configuration can be shared among multiple configurations.
· Following two parameter need to be adopted:
· harq-ProcID-offset: HARQ process ID offset between/among different configuration
· symbol-offset: adjustment HARQ process ID determination for one configuration
· To determine HARQ process ID of configured grant, following equation can be considered:
· HARQ Process ID = [floor((CURRENT_symbol + symbol-offset)/periodicity)] modulo nrofHARQ-Processes + harq-ProcID-offset, where CURRENT_symbol refers the number of symbols from SFN0
· Note: only parameters shown in bold type are newly added in above equation.
Proposal 3: For multiple configurations of configured grant, it is necessary to support a DCI which is able at least to release multiple configurations.
· Each configuration can be configured with dependency on other configuration
· If a configuration is released, all other configuration having dependency on the configuration are released.
Proposal 4: For multiple configurations of configured grant, it should be discussed whether/how to support a DCI which is able to activate multiple configurations after the decision on how to allocate PUSCH for URLLC.
[image: ]
Figure 2 possible options to choose postpone resource

Proposal 5: For mini-slot based repetitions, following is adopted for determining available symbol:
· If a slot doesn’t have DL/UL switching point, TO(s) is/are created from earliest symbol indicated as flexible by semi-static DL/UL configuration.
· If a slot has DL/UL switching point, TO(s) is/are created from earliest symbol indicated as uplink by semi-static DL/UL configuration or same starting OFDM symbol with first TO, whichever is earlier.



R1-1904787 Discussion on UL grant-free transmission enhancements for URLLC Spreadtrum Communications
	Proposal 1: Configured grant configuration grouping should be supported in NR Rel-16.
-	For a configured grant configuration group, parameters should be the same for all the configured grant configurations except for the time domain resource offset.
-	Parameters should be configured independently across different configured grant configuration groups.
-	L1 signalling of activation/deactivation per configured grant configuration group should be supported.
Proposal 2: Type 1 configured grant(s) and Type 2 configured grant(s) should be supported simultaneous for a given BWP of a serving cell in NR Rel-16.



R1-1904962 Enhanced UL transmission with configured grant for URLLC NTT DOCOMO, INC
	Proposal 1:
· The maximum number of configured grant configurations for a given BWP of a serving cell in the specification is at most 8.
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:
· nrofHARQ-Processes should be configured per configured grant configuration.
· A HARQ Process ID offset should be introduced per configured grant configuration.
Proposal 5:
· For Type2 configured grant with multiple configured grant configurations, single activation/deactivation DCI should be able to activate/deactivate one or 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.  



R1-1905024 Enhanced Grant-Free Transmissions for eURLLC Qualcomm Incorporated
	Observation 1: Option 4 in [1] provides a better commonality between the design of CG PUSCH and DG PUSCH.
Proposal 1: In Rel. 16, if a UE supports multiple Type-2 active CG configurations per BWP, each CG configuration is activated independently via a separate DCI.
Proposal 2: In Rel. 16, if a UE supports multiple Type-2 active CG configurations per BWP, a group-common DCI can be used to release a group of CG configurations.
Proposal 3: For supporting multiple active CG configuration per BWP, split HARQ IDs between overlapping CG configurations.
Proposal 4: Support following new SPS periodicity values for NR: 0.5 ms, 1 ms, 2 ms, and 5 ms, where support for SPS periodicity value of 0.5 ms is only required for SCS greater than or equal to 30 kHz.





R1-1905147 On Enhanced UL Configured Grant Transmission for NR URLLC 	Nokia, Nokia Shanghai Bell
	Proposal 1: For different service types, support separate (independent) configuration of multiple CG configurations.
Proposal 2: For different service types, support separate (independent) activation & release DCI signalling for multiple Type-2 CG configurations.
[image: ]
Figure 2: Required second CG configuration in case of S-CG Option 2
•	Observation 1: S-CG Option 2 (i.e. one CG with different starting transmission occasions; CG transmission not allowed to cross the boundary of a period P) as a stand-alone solution cannot provide the envisioned latency and reliability improvement. 
•	Observation 2: S-CG Option 1 (i.e. one CG with different starting transmission occasions; CG transmission is allowed to cross the boundary of a period P) has operational limitations for multiple users with respect to DM-RS to PUSCH collision and the related DM-RS detection performance. To overcome this limitation, multiple active configured grants for the same traffic type allowing different frequency domain resource allocations for CGs are seen as needed. 
•	Proposal 3:  Multiple active configured grant configurations for a BWP of a serving cell for the same traffic type are supported for enhancing reliability and reducing latency.
•	Observation 3: The concept of groups / sets of multiple CG configurations provides the same properties as single CG configurations with different starting occasions but is more in line with the Rel-15 NR understanding of a CG configuration.  
•	Proposal 4: Do not support single CG operation with different starting transmission occasions in Rel-16. Instead, for multiple CG configurations for the same traffic type, joint/optimized group /set type of configuration and activation / release should be considered.
•	Proposal 5: Specify configuration enhancements in terms of applicable HARQ-IDs (in addition to the number of HARQ processes) for a specific CG configuration, such as an HARQ-ID offset. The time-domain HARQ-ID determination for Type 1 and Type 2 configured grants follows the baseline principle of the Rel-15 NR CG operation.
•	Proposal 6: Support a dynamic CG profile/configuration change for Type 1 CG through UE pre-configuration of multiple CG Type 1 configurations by RRC signalling, which can be dynamically exchanged/selected by DL PDCCH signalling.
•	Proposal 7: Specify additional CG periodicities P<14 other than 2 and 7 symbols for a single CG configuration. Details are FFS.




R1-1905096 Discussion on URLLC enhancements for grant-free transmission Panasonic
	Proposal 1: One of possible value of the maximum number of configured grant configurations should be 8.
Observation 1: For supporting different services/traffic types, resource allocation related parameters (time/frequency resource), periodicities, and MCS should be allowed to be configured independently among different configurations.
Observation 2: For keeping reliability and reducing the latency usage, almost all parameters except for starting offset could be the same.
Proposal 2: To introduce a concept of a group of configured grant configurations.
Proposal 3: For Type 2 configured grant, at least for deactivation (release), single DCI (joint signalling) should be used.
Proposal 4: If the concept of group of configured grant configurations is introduced, the activation should also be done by single DCI within the same configured grant configuration group.
Proposal 5: As there can be overlap of the resource among configurations, some mechanism, such as DMRS based differentiation or UCI which includes configuration ID should be used for the distinction.



R1-1905364 Discussion on enhanced UL configured grant transmission CATT
	

Figure 1: Use case 1, different services/traffic types



Figure 2: Use case 2, enhancing reliability and reducing latency


Figure 3: HARQ process ID collision for multiple CG


Figure 4: HARQ process ID with offset
Proposal 1: A HARQ process ID offset is configured for each configured grant configuration and it is added to the HARQ process ID calculation equation.
Proposal 2: Further design is needed for signaling including the maximum number of active configured grant configurations, new repetition number, and the activation/deactivation signaling.


Figure 5: Multiple active configured grant configurations


Figure 6: Extension of one single configured grant configuration for RV={0 0 0 0}


Figure 7: Extension of one single configured grant configuration for RV={0 3 0 3}


Figure 8: Extension of one single configured grant configuration for RV={0 2 3 1}
Proposal 3: Further study the cross period boundary transmission for enhancing reliability and reducing latency.




R1-1905460 Discussion on enhanced UL configured grant transmission KDDI
	Proposal 1: All parameters in ConfiguredGrantConfig are independently configured among the multiple active configured grants for both use cases 1 and 2. To realize the overhead reduction of higher layer signalling for multiple configured grant configurations, a concept of configured grant configuration group can be considered.
Proposal 2: If the grouping concept for multiple configured grant configurations is considered, different configuration groups are activated/deactivated by different DCIs and that all configurations within a group are activated/deactivated by one DCI.
Observation 1: It is necessary to examine HARQ process ID determination depending on the maximum number of configured grants assumed.



R1-1904140 Initial Transmission Opportunity in UL Configured Grant Ericsson
	[image: ]
Figure 1.	Example in Rel-15: 3 slots alignment delay due to RV
Observation 1	 For UL configured grant, Rel-15 unnecessarily restricts the first transmission of a TB to RV=0 only.
[image: ]
Figure 2.	Example when enhanced: 1 slot alignment delay due to RV
Proposal 1	For Rel-16 UL configured grant, both RV=0 and RV=3 are available for the first transmission of a TB.




R1-1904141 Designs to Improve Reliability and Latency of UL Configured Grant Ericsson
	[image: ]
[bookmark: _Ref536782884]Figure 1: Example of possible transmission of UL configured grant with repetition and starting occasion offset, with periodicity=10 slots, repK=4, offset step size =2 (slots). (a)-(d): Due to starting occasion offset, the 4 possible TB transmissions start with slot 0, 2, 4, 6, respectively. The UE may select to start transmission using any of (a)-(d), whichever gives the lowest alignment latency of the arriving uplink data packet.
Observation 1	Introducing time-offset can improve reliability in configured grant with K repetitions. 
Proposal 1	Introduce time-offset in configured grant with K repetitions.
[image: ]
[bookmark: _Ref536782953]Figure 2: Bit-map for configured grant
[bookmark: _Toc5103030]Observation 2 Indicating the transmission occasions by bit-map provides more flexibility in scheduling and can reduce alignment delay. 




7.2 Previous agreements
#94
	Agreements:
· Study further whether/how multiple active configured grants for a BWP of a serving cell.
· Identify potential specification impacts and options for both type 1 and type 2
· At least Activation/deactivation mechanism for Type2
· E.g., whether each configuration is activated/deactivated or multiple configurations are activated/deactivated
· Study how to support repetitions with multiple configurations for a BWP of a serving cell
· FFS HARQ process ID determination for both type 1 and type 2
· FFS other specification impacts for both type 1 and type 2
· Study the performance impacts
Agreements:
· Study further whether/how on ensuring K repetitions.
· Study further on PUSCH repetitions within a slot for configured grant.



#94bis
	Agreements:
· [bookmark: _Hlk528752787]One PUSCH transmission instance is not allowed to cross the slot boundary at least for grant-based PUSCH. 
Agreements:
· To study further from at least the following:
· Option 1: multiple active configured grant configurations for a BWP of a serving cell
· Option 2: repetition(s) across the boundary of a period P
· Option 3: one transmission cross boundary of a period P 
· FFS the UE behavior when repetitions are collided with the resource which are not available for UL transmissions 
· Note: Switch grant free to grant based retransmission which is available in Rel.15



#95
	Agreements:
· Multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency 
· FFS details
· Note: it is understood that the above may be related to RAN2-led work on intra-UE multiplexing
Agreement:
· One PUSCH transmission instance is not allowed to cross the slot boundary for UL configured grant 
Agreements:
· For whether to support explicit HARQ-ACK for configured grant for UL, at least study further gNB’s missed detection performance of the PUSCH under configured grant
· Study how to resolve gNB’s missed detection if it is an issue 
· Study should take at least following into account:
· Companies report the false alarm target 
· Companies report the DMRS configuration assumptions
· The number of UEs sharing the time/frequency-domain grant free resource: 1 is the baseline, larger than 1 can also be considered



#AH 1901
	Agreements:
· In Rel-16, for both Type 1 and Type 2 configured grant and when multiple active configurations are configured in a BWP, transmission of a TB based on the configured grant is associated with a single active configuration, even if the transmission is repeated
Observations:
· PUSCH miss detection performance highly depends on the PUSCH configurations such as DMRS configuration, resource allocation, and false-alarm target setting.
· If a configured grant PUSCH resource is not shared by multiple UEs, 
· 7 companies observed that if the reliability requirement is to be met by a single transmission, all the results show that PUSCH miss detection probability is lower than the PUSCH target BLER under the respective evaluation assumptions (e.g., MCS levels, etc.).
· [bookmark: OLE_LINK3][bookmark: OLE_LINK2]If the overall PUSCH BLER target requirement is to be met by uplink grant based HARQ re-transmission for the configured grant PUSCH, the BLER of the configured grant PUSCH transmission can be higher than the overall PUSCH BLER target such that the residual BLER after the re-transmission achieves the overall PUSCH BLER target; even in this case, miss detection probability for configured grant PUSCH should not be higher than the overall PUSCH BLER target. 



#96
	Conclusion:
· There is no consensus on the necessity of explicit HARQ-ACK for configured grant PUSCH for this SI.  



Agreements for CG made in V2X SI
	Agreements in #94bis:
· For Uu for advanced V2X use cases, NR supports having multiple active UL configured grants in a given BWP in a given cell. 
· Details FFS
Agreements in #95:
· DCI is used to identify the type-2 UL configured grant to be activated or released. 
· FFS Single DCI for multiple type-2 UL configured grants.
Conclusion:
· For type 2 configured grant, discuss signalling details and whether single DCI can activate/release multiple configured grants during WI (if included in the WI).
Agreements #AH_1901:
· A UE is not expected to transmit simultaneously according to more than one UL grant (e.g., dynamic or CG) in a given BWP.



IIoT objective (RP-190728)
	2. The detailed objectives for NR intra-UE prioritization/multiplexing are:
· Specify enhancements to address resource conflicts between dynamic grant (DG) and configured grant (CG) PUSCH and conflicts involving multiple CGs [RAN2, RAN1].
· Specify PUSCH grant prioritization based on LCH priorities and LCP restrictions for the cases where MAC prioritizes the grant [RAN2].
· Address UL data/control and control/control resource collision by:
· specifying a method to address resource collision between SR associating to high-priority traffic and uplink data of lower-priority traffic for the cases where MAC determines the prioritization [RAN2].
· specifying prioritization and/or multiplexing behaviour among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH [RAN1, RAN2].

3. The detailed objectives for NR TSC-related enhancements include:
· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 
· Support for multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE. [RAN2, RAN1].
· Support for shorter SPS periodicities than the existing ones [RAN2, RAN1].
· Address support for TSC message periodicities with non-integer multiple of NR supported CG/SPS periodicities, as captured in TR 38.825, section 6.5.2. [RAN2, RAN1].



Rel.15 mechanism for performing repetitions
	In Rel.15, repetitions for a configured grant transmission is following:
· For the nth transmission occasion among K repetitions, n=1, 2, …, K, it is associated with (mod(n-1,4)+1)th value in the configured RV sequence.
· The initial transmission of a transport block may start at
· the first transmission occasion of the K repetitions if the configured RV sequence is {0,2,3,1},
· any of the transmission occasions of the K repetitions that are associated with RV=0 if the configured RV sequence is {0,3,0,3},
· any of the transmission occasions of the K repetitions if the configured RV sequence is {0,0,0,0}, except the last transmission occasion when K=8.
· For any RV sequence, the repetitions shall be terminated after transmitting K repetitions, or at the last transmission occasion among the K repetitions within the period P, or when a UL grant for scheduling the same TB is received within the period P, whichever is reached first.
· The UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P.
From the above, it is understood that K repetitions can be ensured by RV sequence {0, 2, 3, 1} for K=2, 4, 8, and RV sequence {0, 3, 0, 3} for K=2, while with RV sequence {0, 3, 0, 3} for K=4, 8 or RV sequence {0, 0, 0, 0} for K=2, 4, 8, repetitions may be less than the value of K, according to the start timing of the repetitions. 



Agreements made in RAN2
	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
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  Figure 1 . An example of multiple configured grant with HARQ process sharing  
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Table  1 : Multiple CG configurations with and without HARQ process ID offset.  

Symbol  0  4  7  11  14  18  21  25  28  HARQ  RTT (os)  

Conf.1   Period  7   Procs 2   offset   0   Start 0  PID0  -  PID1  -  PID0  -  PID1  -  PID0  14  symbols   if only this  Conf.  

Conf.2a   Period  7   Procs 2   offset   0   Start 4  -  PID0  -  PID1  -  PID0  -  PID1  -  4 symbols   (Conflict  with  Conf.1)  

Conf.2b   Period  7   Procs 2   offset   2   Start 4  -  PID2  -  PID3  -  PID2  -  PID3  -  14  symbols   (with  Conf.1)  
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