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1. Introduction
[bookmark: OLE_LINK11]According to the new WID on physical layer enhancements for NR URLLC [1], specification of enhanced UL configured grant transmission [RAN1, RAN2] was specified as follows:
	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



In the previous RAN1 meetings, the following agreements on enhanced UL grant-free transmissions were reached in SI phase [2][3][4][5].
RAN1 #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
RAN1 #94bis 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
RAN1 #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
· One PUSCH transmission instance is not allowed to cross the slot boundary for UL configured grant 
RAN1 #AH1901 Agreements:
[bookmark: OLE_LINK2]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
In this contribution, we mainly discuss details of multiple active configurations configured in a BWP, including high layers parameters configuration, activation/deactivation mechanisms for Type2 configured grant, as well as HARQ-ID determination for each configuration.
2. High layers parameters configuration
For use case 1, multiple configured grant configurations are used for support of different services for a UE. In general, different services have different QoS requirements, such as reliability, latency or traffic type, which, as a consequence, needs different resource configurations to support vary services for a UE. For both configured grant type1 and type2, gNB should configure all of the parameters independently for each configuration, such as the time resource allocation, frequency resource allocation, repetition numbers, DMRS, MCS level, periodicity, RV sequence, etc.
For use case 2, multiple configured grant configurations are used for a UE to enhance reliability and reduce the alignment time under the same service. Most of the parameters (e.g. periodicity, repetition number, time/frequency resource size, MCS table/level, etc.) should be the same among multiple configured grant configurations. In our views, only the time/frequency resource starting offsets and the HARQ-ID offsets (as discussed in section 4) could be different. For example, different time domain starting offsets are beneficial for low latency, while different frequency domain starting offsets are beneficial for better diversity gain and also could be used to avoid collision for inter-UE multiplexing. Then, a more efficient signalling structure is to commonly configure the same parameters and only the time/frequency resource starting offsets are configured independently. 
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.
3. Activation/deactivation for type2 configured grant
For Type 2 configured grant configurations, we also need to consider whether the activation/deactivation of the configured grant configurations is by a common DCI or by separate DCI. 
For use case 1, each configuration has independent parameters due to different service requirements. Independent DCI signaling could be used to activate each configuration. Considering how to indicate the UE which configuration is activated or deactivated, one way is to reuse the HARQ ID field for activation or deactivation, which is similar to LTE URLLC. 
For use case 2, independent DCI signaling to activate each configuration will cause too much indication redundancy due to lots of common parameters among configurations. For instance, if the maximum number of configurations is 8, gNB may need 8 DCI signaling to activate all configurations, despite the fact that mainly the time or frequency domain resource offsets are different. It will increase the probability of PDCCH blockage seriously. Moreover, to minimize the transmission alignment time, one feasible way is to activate multiple configured grant configurations simultaneously, e.g., by a common DCI. Specifically, e.g. using a common DCI to activate all the configured grant configurations within a configuration set simultaneously. Here, the configuration set includes one or more configured grant configurations and each configuration has common parameters at least except for the time/frequency resource starting offsets. For instance, gNB configures 8 configured grant configurations to a UE by RRC signaling, indexed as #0~#7. MAC-CE signaling is used to group the configurations into different sets, as shown in Table1 below. Then, a bit field in DCI can be used to indicate which set of configured grant configurations is activated/deactivated. DCI overhead can be saved by firstly using MAC CE signaling to group one or more configurations into one set, while in a more dynamic manner than RRC configuration. 
Table 1 Indication of multiple configured grant configurations
	Configuration set index
	Configured grant configuration index

	0
	#0 

	1
	#1

	2
	#2,#3

	3
	#4,#5,#6,#7


Alternatively, MAC-CE signaling can be used to update some of parameters (e.g., the time/frequency resource starting offsets) for each set. Depending on the traffic load and periodicity, the value of offsets may change over time. Compared to RRC configuration, MAC-CE can be used to update the offsets in a more dynamic manner.
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
4. HARQ-ID determination
In general, a HARQ process ID associated to each of the configured grant configurations should be defined. In our views, there could be three ways as follows:
· Option 1: For each configuration, it can reuse the same principle as LTE URLLC in Rel-15, HARQ ID is determined by the first PUSCH repetition within a period. A HARD ID offset is introduced to differentiate process ID among different configurations. It would look like:
HARQ Process ID = [floor (X / UL-TWG-periodicity)] modulo UL-TWG-numbHARQproc + harq-ProcID-offset,
· Where X is the symbol index of the first transmission occasion of repetition bundle that takes place, and can be denoted by (SFN * SlotPerFrame * SymbolPerSlot + Slot_index_In_SF * SymbolPerSlot + Symbol_Index_In_Slot) .
· Option 2: HARQ ID is determined by the actual initial repetition, the solution is more suitable for flexible starting location of initial repetition or multiple repetitions is allowed to go across one period. But for multiple configurations, UE can choose one configuration based on the data arrival, it can ensure the initial repetition always transmitted on the first transmission occasion within one period to ensure K repetitions. So, Option 2 may not be preferred to multiple configurations.
· [bookmark: OLE_LINK3][bookmark: _GoBack]Option 3: HARQ ID is independent on transmission occasion or actual repetition, and UE chooses HARQ ID and informs to gNB by UCI. The solution has been agreed in FeLAA. However, there is no high reliability requirement for FeLAA. Thus, further considerations on which type or what size of UCI are multiplexed in PUSCH with ensuring both UCI and PUSCH reliability should be further justified. 
[bookmark: OLE_LINK4]As analyzed above, we prefer to reuse the legacy Rel-15 procedures for HARD ID determination for each configuration, i.e., a HARQ ID offset is used to different configurations.
[bookmark: OLE_LINK6][bookmark: OLE_LINK5]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. 
5. Conclusion
According to the analysis given above, we have the following observations and proposals:
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. 
6. Reference
[1] [bookmark: _Ref427157992]3GPP RAN #83, RP-190726, New WID: Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC)
[2] 3GPP RAN1 #94, chairman notes.
[3] 3GPP RAN1 #94bis, chairman notes.
[4] 3GPP RAN1#95, chairman notes. 
[5] 3GPP RAN1 #Ad-Hoc1901, chairman notes. 

4

