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Introduction
In previous meetings, the following agreements on NR SPS were achieved. 
1.	From RAN2 point of view it would be beneficial to be able to share “SPS/grant free” UL resources amongst different UE.  Mechanism to identify the UE for collision resolution purpose may be needed.   The details can be discussed in RAN1.
2.	Like in legacy LTE, at least SPS period is configured by RRC.  FFS how frequency resources, MCS, etc., for SPS are provided to the UE depends on RAN1 discussion.
3.	UL skipping for dynamic grant should be configurable.
3a.	When the UE is configured with SPS, the UE should always skip SPS grant if there is no data to transmit, i.e., Skipping SPS grant is mandated in NR regardless of SPS periodicity.
4.	Working assumption:  Like in LTE, DRX behaviour with SPS UL should be to restart inactivity timer when UL data is transmitted, and not to restart when SPS UL grant is not used.  This behaviour depends on outcome of DRX design.
5.	LCP is performed the same regardless whether the grant is dynamic or SPS.  SPS is a “configured grant”.
6.	Implicit release of UL SPS resources is not supported.
FFS: If multiple SPS is supported for duplication or to support different numerologies
In last meeting, whether multiple SPS should be supported in NR was discussed online but there were no conclusion. Hence, this contribution gives our view on the multiple SPS issue from the motivation and operation aspects. 
Discussion
Motivation to support multiple SPS
In LTE, there are two main motivations in support of SPS scheme:
· Motivation 1: for the VoIP like service transmission, which has periodic traffic pattern
· Motivation 2: for the uplink latency reduction, which can apply to all services
Since in LTE, all services can transmit on the SPS configured grant without any restriction (non V2X case), even for the motivation 1, all the other non-VoIP services (e.g. FTP/HTTP) can transmit on it, and network can perform the corresponding dynamic scheduling immediately based on the received information (e.g. BSR) to meet all the services requirements. 
But in NR, since the SPS resource is allocated onto only one specific TTI/numerology, and it was agreed that the mapping between logical channel and corresponding TTI/numerology is configured by network, so one SPS grant cannot be configured to serve all logical channels/services. For example, in case when eMBB and URLLC services are mapped on different TTI/numerologies, one SPS configuration cannot meet the following in Table-1. 
Table-1. Example of services requiring multiple SPS configurations
	Case
	eMBB service requirement
	URLLC service requirement

	1
	Periodic traffic pattern 1
	Periodic traffic pattern 2

	2
	Periodic traffic pattern
	Reduce UL latency

	3
	Reduce UL latency
	Periodic traffic pattern 



Observation 1: Multiple SPS is required for UE with both eMBB and URLLC services, one for each TTI/numerology. 
In addition, in case of packet duplication is applied on one service together with SPS, to avoid the imbalance transmission on both legs, multiple SPS is also required on both legs together.
Observation 2: Multiple SPS is required for UE with packet duplication configuration, one for each leg. 
According to the mapping restriction of logical channel and corresponding TTI/numerology, and the requirement of eMBB and URLLC services supported together and packet duplication, multiple SPS should be supported in NR. 
Proposal 1: Multiple SPS for one UE should be configured in NR. 
How to support multiple SPS
Multiple SPS includes multiple SPS scenarios, multiple SPS configurations and multiple SPS transmissions. 
1) Multiple SPS scenarios
Since one SPS is associated with one specific TTI/numerology and service pattern/motivation, considering that multiple TTI/numerology transmissions can be performed on same or different cells for one UE, it should be possible to support multiple SPS on the different TTI/numerologies within one cell, on different cells and on different cell groups.
Proposal 2: Multiple SPS should be supported in the following cases:
· Case 1: Multiple SPS on same cell;
· Case 2: Multiple SPS on different cells belonging to same cell group;
· Case 3: Multiple SPS on different cells belonging to different cell groups/duplicated legs. 
2) Multiple SPS transmissions
Current NR SPS transmission reuses the LTE SPS framework, which is described as in Figure-1, which includes the following steps:
1) Network activates one SPS transmission via the L1 SPS activation command and UE calculates the SPS occasion according to the configured pattern and the time point when the command was received;
2) UE transmits the SPS confirmation MAC CE to network in the first SPS occasion; 
3) UE can skip the SPS transmission in case of no available data to transmit;
4) Network deactivates the SPS transmission via the L1 SPS deactivation command and UE transmits the SPS confirmation MAC CE in the first transmission occasion to network, and after the successful transmission (it can be on SPS resource or on the dynamically scheduled transmission.) UE releases the SPS resource.  


Figure-1	  SPS transmission framework
In multiple SPS transmissions, the SPS transmission framework should be applied on each SPS transmission individually. According to the motivation indicated in observations 1 and 2, network can configure and activate the SPS transmissions simultaneously. For the case 1 in proposal 2, i.e. multiple SPS within one cell, whether UE supports multiple SPS transmissions at the same time depends on the UE capability of the simultaneous transmission on the different numerologies within one cell. 
Proposal 3: Multiple SPS transmissions should be supported at the same time, at least on the different cells. For the same cell, it is dependent on the UE’s multiple numerology transmission capability. 
In case that the network allocates the SPS resource to UE via the SPS activation command (i.e. DCI), UE can acquire the TTI/numerology/cell information via the indicated SPS resource, and also can acquire the applied SPS configuration in two ways: implicitly using different SPS-C-RNTIs or explicitly including the SPS configuration index in the command. Comparing the two ways, since the multiple SPS-C-RNTIs would increase UE’s blind decoding burden, including an SPS index in the command should be considered, which is similar as LTE V2V/V2X. For the SPS HARQ retransmission, due to the fact that different SPS transmissions use different HARQ processes, the retransmission can be identified via the HARQ process ID in the retransmission scheduling. 
Proposal 4: There is only one SPS-C-RNTI per MAC entity irrespective of the number of configured SPS at the UE.
Proposal 5: SPS configuration index should be included in the SPS activation/deactivation command.
In case of multiple SPS activations, in order to help network know which SPS activation command UE received successfully, the SPS confirmation MAC CE should indicate the corresponding SPS activation/deactivation command information implicitly or explicitly. In implicit way, UE can transmit the MAC CE only on the corresponding SPS resource, and in explicit way, the SPS confirmation MAC CE can include the corresponding SPS resource/configuration information, e.g. SPS configuration index. Comparing both ways, we slightly prefer the implicit way in order to reduce the specification impact, and without big latency performance impact (network may receive the confirmation a little later in the worst case).  
Proposal 5: SPS confirmation MAC CE should be restricted to be transmitted on the corresponding SPS resource. 
3) Multiple SPS configurations
Assuming the SPS configuration is similar as LTE, one SPS configuration should include the following kinds of parameters in Table-2, which includes the (common) SPS-C-RNTI, interval, SPS process number and power configuration. According to the different motivations for each SPS, multiple SPS should support multiple SPS configurations. As analyzed above, one SPS-C-RNTI is sufficient for the L1 SPS activation/deactivation for one MAC entity. Hence, SPS-configDL and SPS-configUL should be supported for multiple configurations. 
Table-2. Main SPS configuration in LTE
	Parameter
	Level-2

	SPS-C-RNTI
	

	SPS-ConfigDL
	SemiPersistSchedIntervalDL
numberOfConfSPS-Processes
n1PUCCH-AN-PersistentList

	SPS-ConfigUL
	SemiPersistSchedIntervalUL
ImplicitReleaseAfter
p0-Persistent
twoIntervalsConfig
numberOfConfUlSPS-Processes


Proposal 6: For one MAC entity, multiple SPS configurations include one common SPS-C-RNTI and multiple SPS-configDL and SPS-configUL (i.e. SPS process number, SPS interval, and power configuration).
4) SPS transmission on SCell
In LTE, SPS transmission is restricted on PCell and PSCell which is always activated. Similarly in NR in case we support multiple SPS transmissions on the different cells in CA, SPS transmission is allowed on an SCell which might be deactivated. However, since the SPS is activated by network, it means that network expects potential transmissions on that SCell. Hence if network activates the SPS transmission, network should not expect the SCell to be deactivated. 
Observation 3: In case of SCell deactivation, all transmission on that SCell should be stopped except PRACH. 
Observation 4: If SPS transmission is activated on one SCell, network would not expect the SCell to be deactivated. 
There are two methods to deactivate an SCell, explicit way via L2 command and implicit way via deactivation timer. 
· In the explicit way, for the SCell with SPS transmission activation, if network wants to keep the SPS transmission, network would not send the SCell deactivation command to UE; otherwise, network can send SPS deactivation command to UE before deactivated the SCell, or directly to deactivate the SCell, which can deactivate all transmission including SPS.  
· In the implicit way, since it is possible for UE to skip an SPS resource if it does not have data in buffer, then in order to avoid the implicit deactivation by UE itself, network can configure the deactivation timer to infinity on the SCell with SPS configuration (i.e. semi-static way), or disable it upon the SPS activation command received (i.e. dynamic way). The semi-static way is simpler, and the implicit way requires more discussion on how to stop and restart the deactivation timer. Considering the deactivation timer can be set to infinity today, the semi-static way should be adopted in order to make it simple. 
Proposal 7: SPS configuration/transmission on SCell should be supported. 
Proposal 8: SPS transmission on one SCell can be deactivated via the SCell deactivation command. 
Proposal 9: For the SCell with SPS configuration, the deactivation timer should be configured as infinity for that SCell. 
Conclusion
According to the analysis in section 2, it is observed that 
Observation 1: Multiple SPS is required for UE with both eMBB and URLLC services, one for each TTI/numerology. 
Observation 2: Multiple SPS is required for UE with packet duplication configuration, one for each leg. 
Observation 3: In case of SCell deactivation, all transmission on that SCell should be stopped except PRACH. 
Observation 4: If SPS transmission is activated on one SCell, network would not expect the SCell to be deactivated. 
And also it is proposed that:
Proposal 1: Multiple SPS for one UE should be configured in NR. 
Proposal 2: Multiple SPS should be supported in the following cases:
· Case 1: Multiple SPS on same cell;
· Case 2: Multiple SPS on different cells belonging to same cell group;
· Case 3: Multiple SPS on different cells belonging to different cell groups/duplicated legs. 
Proposal 3: Multiple SPS transmissions should be supported at the same time, at least on the different cells. For the same cell, it is dependent on the UE’s multiple numerology transmission capability. 
Proposal 4: There is only one SPS-C-RNTI per MAC entity irrespective of the number of configured SPS at the UE.
Proposal 5: SPS configuration index should be included in the SPS activation/deactivation command.
Proposal 6: For one MAC entity, multiple SPS configurations include one common SPS-C-RNTI and multiple SPS-configDL and SPS-configUL (i.e. SPS process number, SPS interval, and power configuration).
Proposal 7: SPS configuration/transmission on SCell should be supported. 
Proposal 8: SPS transmission on one SCell can be deactivated via the SCell deactivation command. 
Proposal 9: For the SCell with SPS configuration, the deactivation timer should be configured as infinity for that SCell. 
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