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Introduction
As enhancements to satisfy QoS for TSC traffic patterns, the new work item on NR-IIOT RP-190728 specifies among others the following objectives
· 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 dicuss the necessariy enhancements for DL SPS to enable this support. 
[bookmark: _Ref178064866]Discussion
[bookmark: _Hlk535752074][bookmark: _Toc524946176]For handling of TSN traffic, which can be characterized as periodic with a rather static (small) packet size, as well as with the requirement of deterministic latency, DL SPS can be considered for providing reliable transmission opportunities in the downlink. 
In TS 22.104, use-cases and their specific requirements are defined for the category of periodic deterministic communication. Therein, a transmission occurs every transfer interval with example intervals of 0.5ms, 1ms, 2ms, or 10-100ms. Determinism is achieved by fulfilling the stringent requirement on timeliness and availability, i.e. successful transmission of the packet data must be achieved. Packet sizes of for example 20, 40, 50 bytes are considered. We will describe in the following how handling this traffic type benefits from supporting DL SPS with short periodicities.
Shorter periodicities in DL SPS
In NR Rel-15, DL SPS had been specified as a means for handling periodic traffic, for use-cases with rather long periodicities, i.e. the minimum configurable SPS period is 10ms. On the other hand, in LTE, to handle URLLC use-cases, already minimum configurable SPS periods of 1 short TTI where specified. In NR UL, for configured grants, periodicities of minimum 2 symbols are configurable.
First of all, for DL SPS in NR to be considerable for TSN traffic (according to TS 22.104) handling, shorter configurable periods are required. 
We believe that DL SPS for handling of TSN traffic also provides benefits in terms of lower PDCCH overhead and especially for PDCCH blocking, given that rather large aggregation factors for DCI transmission would be needed otherwise, i.e. to ensure reliable PDCCH, an URLLC user would occupy rather many PDCCH resources, and postponing URLLC users to subsequent PDCCH occasions is not an available option, given its strict latency bounds. Given the TSN traffic is periodic and known beforehand, DL SPS seems ideal for serving this traffic. 
To address the most stringent requirement of 0.5ms periodicity and required latency, for 15Khz, DL SPS periodicities of 2symbols should be supported, this way, building on 2symbol transmission durations, considering the UE processing time, the 0.5ms latency target can be reached. Furthermore, TSN traffic with 0.5ms periodicity which may not be perfectly aligned with the NR frame structure, may nevertheless be possible to be served by employing periodic NR transmissions of a finer-granular structure, i.e. shorter period. Details can be found in the companion paper [3]. Therefore, we propose to support DL SPS with a 2-symbol period. 
[bookmark: _Toc536703535][bookmark: _Toc536703594][bookmark: _Toc536705009][bookmark: _Toc536705028][bookmark: _Toc426515][bookmark: _Toc874904][bookmark: _Toc964170][bookmark: _Toc1042447][bookmark: _Toc4577742][bookmark: _Toc4680357][bookmark: _Toc3299687][bookmark: _Toc3301502][bookmark: _Toc3461370][bookmark: _Toc3461417]Support short DL SPS periods e.g. down to 2 symbols. 
To support this frequent DL SPS, support of corresonding HARQ feedback must be ensured as well. The new RAN1 work item on enhanced URLLC, i.e. RP-190726, has among others the objective “More than one PUCCH for HARQ-ACK transmission within a slot.”, not in the context of DL SPS, but which can be reused for DL SPS. Therefore, supporting DL SPS with sub-slot periodicities does not seem to pose any additional specification complexity for RAN1. Among others this aspect is discussed in draft LS to RAN1 about DL SPS enhancements [2].
Multiple DL SPS configurations
The RAN2 study on NR-IIOT concluded that multiple simultaneously active DL SPS configurations are beneficial to be supported. This way, e.g. multiple TSN streams with different periodicities can be efficiently handled.  In LTE, only for UL SPS, multiple configurations are already specified. In this solution, multiple UL SPS configurations are configured for the UE via RRC, each configuration identified by an index. With the help of an index field in the DCI, these configurations can be activated/deactivated individually for the UE. The standardization was driven by the V2X use-case in which services with traffic of multiple periodicities is foreseen and was adopted later also in the LTE HRLLC WI. 
The concept from LTE UL can be applied to NR DL SPS as well, i.e. multiple DL SPS configurations can be enabled by similar means. 
[bookmark: _Toc536703537][bookmark: _Toc536703596][bookmark: _Toc536705011][bookmark: _Toc536705030][bookmark: _Toc426518][bookmark: _Toc874906][bookmark: _Toc964171][bookmark: _Toc1042448][bookmark: _Toc3299688][bookmark: _Toc3301503][bookmark: _Toc3461371][bookmark: _Toc3461418][bookmark: _Toc4577743][bookmark: _Toc4680358]Support multiple active DL SPS configurations per BWP. 
Different traffic streams to be served by DL SPS are unlikely to start exactly at the same time. Therefore, in order to start serving those different traffic streams at the correct moment, the corresponding DL SPS configurations should also be activated dynamically and independently from each other. Furthermore, traffic streams may stop at any point in time, so deactivation must therefore also be dynamic.
[bookmark: _Toc3299689][bookmark: _Toc3301504][bookmark: _Toc4577744][bookmark: _Toc4680359][bookmark: _Toc3461372][bookmark: _Toc3461419]DL SPS configurations shall be possible to activate/deactivate dynamically and independently from each other. 
Another discussion point for multiple configuration handling is the case when those configurations overlap in time. For LTE UL SPS, this case is explicitly left undefined. For deterministic behavior, the eNB could anyway send a dynamic grant, which would override the multiple overlapping UL SPSs grants. This way the overlapping case among the UL SPS grants is avoided. The same approach could be taken for DL SPS in NR, as further described alongside other MAC aspects in [1].
To support the above proposals RAN1 support is needed. We propose to send LS draft [2] proposing the following:
[bookmark: _Toc3299690][bookmark: _Toc3301505][bookmark: _Toc3461373][bookmark: _Toc3461420][bookmark: _Toc4577745][bookmark: _Toc4680360]LS to RAN1 asking for RAN1 support of DL SPS short periods down to 2os, and support of DCI for multiple configurations support with individual and dynamic activation/deactivation e.g. by index derived in DCI. 
Configuration details
In the following we analyse further questions related to the RRC configuration of the enhanced DL SPS operation envisaged for Rel-16. In the Annex, an example of such configuration enhancement is provided. 
In [1] we discuss potential issues of overlapping DL SPS assignments due to the multiple active DL SPS configurations. Therein we also discuss handling of HARQ process IDs for non-overlapping DL SPS configurations, where it is concluded that a harqProcessIdOffset per configuration should be introduced.
Aligned with current single DL SPS configuration, the following elements should be flexibly configurable per configuration, including two new elements i.e. the configuration index, as well as the harqProcessIdOffset:
[bookmark: _Toc4577746][bookmark: _Toc4680361][bookmark: _Toc3299692][bookmark: _Toc3301507][bookmark: _Toc3461375][bookmark: _Toc3461422]All existing elements (periodicity, nrofHARQ-Processes, n1PUCCH-AN, mcs-Table) as well as new SPS-config-index and harqProcessIdOffset are configurable individually per SPS-configuration. 
Another question is on the maximum number of simultaneously activate DL SPS configurations, and related to that the maximum number of HARQ processes. Generally, assuming short DL SPS periods, one can argue that the same number of HARQ processes shall be supported as in dynamic DL scheduling, i.e. 16. Also UL CG defines the number to be 16, and given that we aim for same short periods with DL SPS as UL CG, we propose 16 for DL SPS too.
[bookmark: _Toc4577747][bookmark: _Toc4680362]RAN2 to discuss the maximum number of HARQ procceses per SPS configuration, for example: 16 
When it comes to the number of parallel configurations, in order to cater for a larger number of parallel services or TSC streams, and furthermore considering the discussion in [1] i.e. to avoid HARQ process overlap among the SPS configurations, a feasible number of maximum configurations is to be the same as maximum number of HARQ processes, i.e. 16. We propose:
[bookmark: _Toc3299691][bookmark: _Toc3301506][bookmark: _Toc3461374][bookmark: _Toc3461421][bookmark: _Toc4577748][bookmark: _Toc4680363]RAN2 to discuss the maximum number of simultaneous SPS configurations, for example: 16.

Conclusion
The following observations have been made:
Proposal 1	Support short DL SPS periods e.g. down to 2 symbols.
Proposal 2	Support multiple active DL SPS configurations per BWP.
Proposal 3	DL SPS configurations shall be possible to activate/deactivate dynamically and independently from each other.
Proposal 4	LS to RAN1 asking for RAN1 support of DL SPS short periods down to 2os, and support of DCI for multiple configurations support with individual and dynamic activation/deactivation e.g. by index derived in DCI.
Proposal 5	All existing elements (periodicity, nrofHARQ-Processes, n1PUCCH-AN, mcs-Table) as well as new SPS-config-index and harqProcessIdOffset are configurable individually per SPS-configuration.
Proposal 6	RAN2 to discuss the maximum number of HARQ procceses per SPS configuration, for example: 16
Proposal 7	RAN2 to discuss the maximum number of simultaneous SPS configurations, for example: 16.
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Annex: Example SPS-Config in RRC for Rel-16
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SPS-Config-r16 ::=                     SEQUENCE {
    sps-ConfigShort-ToAddModList-r16		SPS-ConfigShort-ToAddModList-r16	OPTIONAL,	-- Need ON
    sps-ConfigShort-ToReleaseList-r16		SPS-ConfigShort-ToAddModList-r16	OPTIONAL,	-- Need ON
}

SPS-ConfigShort-ToAddModList-r16 ::= SEQUENCE (SIZE (1..maxConfigSPS-r16)) OF SPS-ConfigShort-r16
SPS-ConfigShort-Release-r16 ::= SEQUENCE (SIZE (1..maxConfigSPS-r16)) OF SPS-ConfigShort-r16


SPS-ConfigShort-r16 ::=                SEQUENCE {
	sps-ConfigShortIndex-r16				SPS-ConfigShortIndex-r16,
    harqProcessIdOffset-r16					INTEGER(0..15)
	periodicity                             ENUMERATED {sym2, ...FFS...},
    nrofHARQ-Processes                      INTEGER (1..16),
    n1PUCCH-AN                              PUCCH-ResourceId                                                        OPTIONAL,   -- Need M
    mcs-Table                               ENUMERATED {qam64LowSE}                                                 OPTIONAL,   -- Need S
    ...
}

SPS-ConfigIndex-r16 ::=			INTEGER (1..maxConfigSPS-r16)

 
SPS-Config ::=                         SEQUENCE {
    periodicity                             ENUMERATED {ms10, ms20, ms32, ms40, ms64, ms80, ms128, ms160, ms320, ms640,
                                                        spare6, spare5, spare4, spare3, spare2, spare1},
    nrofHARQ-Processes                      INTEGER (1..8),
    n1PUCCH-AN                              PUCCH-ResourceId                                                        OPTIONAL,   -- Need M
    mcs-Table                               ENUMERATED {qam64LowSE}                                                 OPTIONAL,   -- Need S
    ...
}


