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Introduction
In RAN#81 the revised study item on NR Industrial Internet of Things (NR-IIoT, [1]) has been approved, and in RAN2#104 for handling of TSN traffic patterns also DL SPS had been discussed. Following up on the email discussion [2] we discuss DL SPS enhancements in this contribution.
[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 serve by employing periodic NR transmissions of a finer-granular structure, i.e. lower period. Therefore, we propose to support DL SPS with a 2symbol period. 
[bookmark: _Toc536703535][bookmark: _Toc536703594][bookmark: _Toc536705009][bookmark: _Toc536705028][bookmark: _Toc426515][bookmark: _Toc874904][bookmark: _Toc964170][bookmark: _Toc1042447]Support short DL SPS periods e.g. down to 2 symbols. 
In [2], the potential specification impact for RAN1 was raised of requiring also multiple ACK/NACK feedback per PUCCH in this case, since the PUCCH opportunities are sparser than 2symbols currently. Nevertheless, RAN1 is already working on a solution for this case in general, i.e. it is not specific to SPS, but the solution can be applied to SPS as well. In RAN1#95, it had been agreed, “Multiple PUCCHs for HARQ-ACK within a slot should be supported in R16.” Therefore, supporting DL SPS with sub-slot periodicities does not seem to pose any additional specification complexity for RAN1. 
Also, for RAN2, i.e. MAC specification, the specification impact appears rather small. Merely formulas for determining the SPS occasions as well as HARQ process IDs to be used, need to be re-defined to symbol level. And this is already the case for UL configured grants, i.e. same principles can be applied to DL.
Considering the fixed MCS value used, occasional “updates” of the SPS assignment would be required, however, with a far lower frequency than SPS occasions repeat. Scheduler implementations can find the optimal balance between conservative MCS choice with infrequent updates and rather ideal MCS choices with frequent updates.
Multiple DL SPS configurations
In [2], also support of multiple active SPS configurations for handling of multiple TSN flows are discussed. RAN1 decided for NR UL configured grant, that multiple configurations are beneficial (see LS R1-1814116). In LTE, only for UL SPS, multiple configurations are already specified. In this solution, multiple 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. Therefore, multiple DL SPS configurations need to be defined in RRC, and RAN1 support for the configuration index via DCI needs to be ensured.
[bookmark: _Toc536703537][bookmark: _Toc536703596][bookmark: _Toc536705011][bookmark: _Toc536705030][bookmark: _Toc426518][bookmark: _Toc874906][bookmark: _Toc964171][bookmark: _Toc1042448]Support multiple active DL SPS configurations per BWP. 
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. 

Redundant HARQ feedback in DL SPS
In this section we analyze the HARQ feedback mechanism for DL SPS, in particular when short periodicities are used. 
In legacy dynamic scheduling for the downlink, the following decoding outcomes, feedback and appropriate gNB reactions are possible:
Table 1: DL dynamic scheduling.
	DL decoding outcome
	UE feedback
	gNB reaction (e.g.)

	PDCCH failure
	Nothing
	Send again as new data

	PDCCH success, PDSCH failure
	NACK
	Retransmission 

	PDCCH success, PDSCH success
	ACK
	Nothing



As becomes obvious from above table, three outcomes and feedback types are possible and also required. However, for DL SPS, PDCCH cannot fail, i.e. after initial activation of SPS, the DL assignment is configured. Therefore, for DL SPS, the first row does not exist, i.e. only two feedback outcomes are possible. Instead of sending NACK or ACK, a more UL power-efficient as well as UL interference reducing method would be to skip either NACK or ACK. These considerations become now relevant for the first time where URLLC services are considered to be handled by DL SPS with very frequent periodic assignments. Assuming the very low BLER targets for URLLC, especially skipping ACK could be an interesting consideration. For example, for a BLER target of 10^-5, ACK skipping would save UL power and UL interference in 99999 of 100000 cases. Skipping ACK would lead to the UE and gNB behaviour of Table 2.
Table 2: DL SPS scheduling with skipping-ACK.
	DL decoding outcome
	UE feedback
	gNB reaction (e.g.)

	PDSCH failure
	NACK
	Retransmission 

	PDSCH success
	Nothing (ACK skipped)
	Nothing

	gNB sent nothing to this UE on SPS resources
	NACK
	Nothing



Whether this advantage justifies potential complexity increases in PHY (e.g. handling of error: NACK->DTX, i.e. no retx) needs to be discussed in RAN1. From a RAN2 point of view however, there seem to be no complexities involved in allowing this new behaviour.
[bookmark: _Toc426516][bookmark: _Toc874905][bookmark: _Toc964172][bookmark: _Toc1042449]Discuss benefit of skipping HARQ feedback for DL SPS, involving RAN1. 


Conclusion
[bookmark: _GoBack]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	Discuss benefit of skipping HARQ feedback for DL SPS, involving RAN1.
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