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Introduction
According to the new WID of NR Industrial Internet of Things (IoT) approved in RAN#83[1], the following objectives related to SPS enhancement are specified:
	· Specify enhancements to satisfy QoS for wireless Ethernet when using TSC traffic patterns, including 
· Support of provisioning, from Core Network to RAN and between RAN nodes (e.g. upon handover), of UE’s TSC traffic pattern related information such as message periodicity, message size, message arrival time at gNB (DL) and UE (UL) [RAN3].
· 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].



In this contribution, we mainly provide our views on SPS enhancements including support of multiple simultaneous active SPS configurations, shorter and finer SPS periodicities, and conflicts among different multiple SPS configurations.
Multiple simultaneous active SPS configurations
1.1 Use cases for multiple SPS configurations
An overview of traffic characteristics in TSN use cases is described in TR 38.825[2], in which the UE needs to handle a mixture of the following different traffic use cases:
-	multiple periodic streams, of different periodicities, of critical priority, for example multiple TSN streams coming from different applications;
-	aperiodic critical priority traffic that is the result of critical events, like alarms, safety detectors that need to be informed about the occurrence of a critical event;
-	best effort type of traffic such as eMBB traffic, internet traffic, or any other traffic supporting factory operations.
For at least the first use case, i.e. supporting different services/traffic types, it is similar to one of the use cases discussed for multiple configured grant configurations for uplink. Correspondingly, multiple SPS configurations could be used for solve the same issue for downlink. In addition, as discussed in our companion contribution [3], multiple SPS configurations could be also used for support of TSC message periodicities with non-integer multiple of NR supported SPS periodicities. 
Observation 1: Multiple SPS configurations could be used for at least following use cases:
· Use case 1: support for different services/traffic types
· Use case 2: support for TSC message periodicities with non-integer multiple of NR supported SPS periodicities.
1.2 Activation/deactivation for multiple SPS configurations
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, the main difference between different SPS configurations is the starting offset as described in [3]. The other parameters like period, time domain/frequency domain resources within a period, MCS, etc., is common among different configurations. It means, independent DCI signaling to activate each configuration will cause too much indication redundancy. For instance, if the maximum number of configurations is 8, gNB may need 8 DCI signaling to activate all configurations, despite the fact that only the time domain resources are different. One way out is to use a common DCI to activate all the SPS configurations within a resource set simultaneously. Here, the resource set includes one or more SPS configurations and each configuration has common parameters at least except for the starting time. For instance, gNB configures 8 configured grant configurations to a UE by RRC signaling, indexed as #0~#7. MAC CE could choose the configurations into different groups (states), as shown in Table1 below. Then, a bit field in DCI could be used to indicate which group/set of SPS configurations is activated/deactivated. Alternatively, MAC-CE signaling can be used to update some of parameters, e.g., the time starting offsets, for each group in a triggering state. 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 more dynamic manner while keeping the DCI overhead low. 
Table 1 Indication of multiple SPS configurations
	Group index(states)
	Configured grant configuration index

	0
	#0 

	1
	#1

	2
	#2,#3

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



Proposal 1: For activation/deactivation of multiple SPS configurations, 
· using independent DCI signaling to activate/deactivate each configuration for use case 1,
· using a common DCI signaling to activate/deactivate one or more configurations use case 2.
Shorter and finer SPS periodicities
In TR 38.825[2], 0.5ms latency target should be provided for TSC service. But in the current NR specification, only 10ms granularity of SPS periodicity is supported, which cannot satisfy the TSC requirements and should be extended. 
As discussed in our companion contribution [3], introducing finer SPS periodicities is also helpful at least for TSC message periodicities with non-integer multiple of NR supported SPS periodicities. 
Observation 2: The current SPS periodicity cannot satisfy the TSC requirements and should be extended by introducing both shorter SPS periodicities and also finer SPS periodicities. 
For configured grant configuration, no explicit HARQ-ACK is introduced for the configured grant PUSCH transmission. So there may not be issues to use very short periodicities. However, currently UE needs to feedback HARQ-ACK for every SPS occasion. If a shorter SPS period like 2-OS is introduced, current PUCCH overhead for DL SPS HARQ-ACK would be too high. Further enhancement may be needed. 
Observation 3: If introducing shorter SPS periodicities, enhancements to current DL HARQ-ACK feedback for SPS transmission can be considered.  
Conflicts among different multiple SPS configurations
As we have elaborated above, multiple simultaneous active SPS configurations should be supported, for example, for different services/traffic types. To make it concrete, let’s say two SPS configurations are activated simultaneously to support eMBB and URLLC service separately. And from our understanding, there may be a case when an eMBB SPS PDSCH is still in transmission, a URLLC data arrives at the gNB and in order to guarantee latency requirement of URLLC service, gNB needs to transmit the URLLC data on a SPS PDSCH which is the most recent available PDSCH resource but conflicting with the eMBB SPS PDSCH resource in time domain. 
Observation 4: Conflicts may happen when multiple services/traffic types are transmitted simultaneously on multiple SPS configurations.  
To handle the above conflicts, some enhancement may be needed. One issue we identified is for UE behavior. In our understanding, the four solutions defined in out-of-order PDSCH-to-HARQ-ACK discussion could be considered here. For example, the UE always processes the second PDSCH, and the UE may or may not drop the processing of the first channel. As long as a HARQ-ACK feedback to gNB, there would be no ambiguity at gNB side. Another issue is for semi-static HARQ-ACK codebook determination, as in the current spec, only 1 HARQ-ACK information is generated for overlapping PDSCH candidates. However in this case separate HARQ-ACK information is needed for the actual SPS PDSCH transmissions. 
Proposal 2: RAN1 should study how to handle the conflicts among different multiple SPS configurations.  
Conflicts among dynamic DL transmission and SPS configurations
Similar to section 4, gNB may configure one SPS configuration for eMBB transmission. There may be a case that a URLLC data arrives during an on-going eMBB SPS PDSCH transmission. In order to guarantee latency performance of URLLC service, gNB needs to transmit the URLLC data by dynamic scheduling, while the scheduled resources conflicting with the eMBB SPS PDSCH resource in time domain. 
Observation 5: Conflicts may happen between a dynamic scheduled DL PDSCH and a PDSCH transmission on SPS configuration. 
Similarly, RAN1 may need to handle the UE behavior and possible enhancement for SPS HARQ-ACK feedback. 
Proposal 3: RAN1 should study how to handle the conflicts between a dynamic scheduled DL PDSCH and a PDSCH transmission on SPS configuration.   
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According to the analysis given above, we have the following observations and proposals:
Observation 1: Multiple SPS configurations could be used for at least following use cases:
· Use case 1: support for different services/traffic types
· Use case 2: support for TSC message periodicities with non-integer multiple of NR supported SPS periodicities.
Observation 2: The current SPS periodicity cannot satisfy the TSC requirements and should be extended by introducing both shorter SPS periodicities and also finer SPS periodicities. 
Observation 3: If introducing shorter SPS periodicities, enhancements to current DL HARQ-ACK feedback for SPS transmission can be considered.  
Observation 4: Conflicts may happen when multiple services/traffic types are transmitted simultaneously on multiple SPS configurations.  
Observation 5: Conflicts may happen between a dynamic scheduled DL PDSCH and a PDSCH transmission on SPS configuration. 
Proposal 1: For activation/deactivation of multiple SPS configurations, 
· using independent DCI signaling to activate/deactivate each configuration for use case 1,
· using a common DCI signaling to activate/deactivate one or more configurations use case 2.
Proposal 2: RAN1 should study how to handle the conflicts among different multiple SPS configurations.  
Proposal 3: RAN1 should study how to handle the conflicts between a dynamic scheduled DL PDSCH and a PDSCH transmission on SPS configuration.   
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