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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 RAN2#105BIS meeting, the following agreements related to SPS enhancement were agreed:
	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


In RAN1#96BIS meeting, the following agreement related to SPS enhancement was agreed:
	· Support separate activation for different DL SPS configurations for a given BWP of a serving cell.
· FFS whether or not to support joint activation in a DCI for two or more DL SPS configurations
· Support separate release for different DL SPS configurations for a given BWP of a serving cell.
· FFS whether or not to support joint release in a DCI for two or more DL SPS configurations 



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 with different periodic streams, 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 agreed by RAN2 multiple SPS configurations could be also used for support of TSC message periodicities with non-integer multiple of NR supported SPS periodicities. For example, for 60Hz data transmission frequency, the periodicity will be 16.67ms, which cannot be expressed in multiple of symbols or multiple of sub-frames (e.g. the interval in subframe unit is not a constant, maybe 17 or 16). This misalignment would increase the air latency, e.g., if the period is set to 16ms, the second occasion for CG/SPS resources would be at the 32th subframe which is mismatched the actual arriving time 33.33ms. This could be solved by multiple CG/SPS configurations as
{
CG/SPS config1: CG/SPS_StartSubframe = 0;    CG/SPS_Interval=50 subframe. 
CG/SPS config2: CG/SPS_StartSubframe = 16;   CG/SPS_Interval=50 subframe. 
CG/SPS config3: CG/SPS_StartSubframe = 33;   CG/SPS_Interval=50 subframe. 
}
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 The maximum number of active SPS configurations
According to RAN2 LS[3], RAN2 assumes that the maximum number of active SPS configurations for a given BWP of a serving cell in the specification is 8 or 16 but could not reach a final conclusion. From RAN2 perspective 8 was proposed as it seems to be sufficient for current TSC requirements. On the other hand, the current maximum number of simultaneous HARQ processes in the UE is 16, so this is the reason this number was proposed. 
Given there at least two use cases for multiple DL SPS configurations as discussed in section 2.1, we slightly prefer to support maximum 16 SPS configurations. Because, there is no need to limit the flexibility of network for some potential use cases, e.g., there could be simultaneous 3 traffic flows, and each flow has different non-integer periodicities which means multiple SPS configurations are required for each flow. In addition, the current maximum number of simultaneous HARQ processes in the UE is 16, it means it will not increase UE complexity if support 16 configurations and each configuration with one HARQ process.  
Proposal 1: The maximum number of active SPS configurations for a given BWP of a serving cell in the specification is 16.  
1.3 Activation/deactivation for multiple SPS configurations
For use case 1, each configuration has independent parameters due to different service requirements. Separate DCI signaling was agreed to activate/deactivate each configuration. Regarding to how to perform the indication, one way is to reuse the HARQ ID field to indicate the configuration index for activation or deactivation since HARQ ID is determined by RRC configuration, which is similar to LTE URLLC. For use case 2, we think the main difference between different SPS configurations are the starting offsets and HARQ-ID offsets. The other parameters like period, time domain/frequency domain resource size within a period, MCS, etc., are common among different configurations. It means, separate 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 few parameters 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 and HARQ-ID offsets. For instance, gNB configures 8 SPS configurations to a UE by RRC signaling, indexed as #0~#7. MAC CE could choose the SPS configurations into different groups, 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 for each group, e.g., the time starting offsets. 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. 
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 2: For activation/deactivation of multiple SPS configurations, 
· using HARQ ID bit field in separate DCI to activate/deactivate each configuration for use case 1,
· using HARQ ID bit field in one DCI to jointly activate/deactivate one or more configurations for use case 2.
· The time domain offsets between multiple configurations could be updated by MAC-CE signaling. 
Shorter and finer SPS periodicities
RAN2 has agreed to support short SPS periodicities at least down to 0.5ms, and ask RAN1 on feasibility. Also, RAN2 identifies that support of even shorter periodicities (e.g. down to 2 symbols) could be useful for support of TSC traffic patterns with periodicities non-aligned with NR frame structure, and ask additionally the feasibility to go down to even lower values, e.g. 2 symbol. In addition, 0.5ms latency target should be provided for TSC service according to TR 38.825[2]. Shorter SPS periodicities e.g. 2 symbol are also useful for support of the low latency target. 
[bookmark: _GoBack]However, some additional enhancements are needed for HARQ-ACK feedback in such cases. Currently, a UE needs to feed back HARQ-ACK for every SPS occasion. If shorter SPS periodicities, e.g. 2 symbol, are introduced, 7 PUCCH transmission occasions per slot are needed and PUCCH overhead for DL SPS HARQ-ACK would be too high. In addition, current HARQ-ACK codebook only allows one HARQ-ACK feedback for one SPS occasion in one codebook window, which limits gNB SPS scheduling and is not suitable for shorter SPS periodicities.  
Considering above beneficial use cases, if time allows, it is better to solve the HARQ-ACK issues to support shorter SPS periodicities down to 2 symbol. As a starting point, UL configured grant periodicities could be reused. On the other hand, if no enough time for this topic, multiple SPS configurations could be used as an alternative solution for TSC traffic patterns with non-integer periodicities. In this case, we think 0.5ms period could be applicable for all SCS. The agreed sub-slot-based HARQ-ACK feedback procedure defined in UCI agenda could be reused in case of 0.5ms SPS period at SCS=15KHz. 
In our views, support of shorter periodicities than 0.5ms could be treated at low priority. RAN1 should first focus on multiple SPS configurations to solve the non-integer periodicities issue. 
Observation 2: If introducing shorter SPS periodicities, enhancements to current DL HARQ-ACK feedback for SPS transmission are needed.  
Proposal 3: Support multiple SPS configurations for TSC traffic patterns with non-integer periodicities at a high priority, and introduce shorter SPS periodicities down to 2 symbols only when time allows.  
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 3: 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 4: 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 4: 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 5: RAN1 should study how to handle the conflicts between a dynamic scheduled DL PDSCH and a PDSCH transmission on SPS configuration.   
Conclusion
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: If introducing shorter SPS periodicities, enhancements to current DL HARQ-ACK feedback for SPS transmission are needed.  
Observation 3: Conflicts may happen when multiple services/traffic types are transmitted simultaneously on multiple SPS configurations.  
Observation 4: Conflicts may happen between a dynamic scheduled DL PDSCH and a PDSCH transmission on SPS configuration. 
Proposal 1: The maximum number of active SPS configurations for a given BWP of a serving cell in the specification is 16.  
Proposal 2: For activation/deactivation of multiple SPS configurations, 
· using HARQ ID bit field in separate  DCI to activate/deactivate each configuration for use case 1,
· using HARQ ID bit field in one DCI to jointly activate/deactivate one or more configurations for use case 2.
· The time domain offsets between multiple configurations could be updated by MAC-CE signaling. 
Proposal 3: Support multiple SPS configurations for TSC traffic patterns with non-integer periodicities at a high priority, and introduce shorter SPS periodicities down to 2 symbols only when time allows.  
Proposal 4: RAN1 should study how to handle the conflicts among different multiple SPS configurations.  
Proposal 5: RAN1 should study how to handle the conflicts between a dynamic scheduled DL PDSCH and a PDSCH transmission on SPS configuration.   
Reference
[1] [bookmark: OLE_LINK2]3GPP, RP-190728, New WID: Support of NR Industrial Internet of Things (IoT), RAN#83, March 2019.
[2] 3GPP, TR 38.825, v1.0.0, Study on NR Industrial Internet of Things (IoT).
[3] 3GPP RAN2#105BIS meeting, R2-1905473 LS on SPS/CG for IIoT, NTT DOCOMO INC.
3


