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1	Introduction
DL SPS has been specified in Rel-15 NR, and recently RAN2 discussed enhancements to DL SPS to address URLLC type of traffic. In this contribution we look at DL SPS with shorter periodicities as an enhancement to DL SPS.  
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[bookmark: _Hlk535752074]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 timelines and availability, i.e. successful transmission of the packet data must be achieved. Packet sizes of for example 20, 40, 50 bytes are considered. 
In order to achieve a low latency transmission in DL SPS that is also comparable to UL configured grant, it has been proposed in RAN2 that periodicities down to 2 symbols is supported in NR. It should be noted that Rel-15 LTE supports DL SPS with a minimum of 1 short TTI. 
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In the following we discuss the impacts of DL SPS periodicities down to 2 symbols on other features. 
[bookmark: _Toc528770448][bookmark: _Toc528770467]2.1	HARQ feedback
In Rel-15 NR, for a SPS PDSCH reception ending in slot n, the UE transmits the PUCCH in slot n + k where k is provided by the PDSCH-to-HARQ-timing-indicator field in DCI format 1_0 or, if present, in DCI format 1_1 activating the SPS PDSCH reception. If the UE detects a DCI format 1_1 that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception or activates a SPS PDSCH reception ending in slot n , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot n + k where k is provided by dl-DataToUL-ACK [38.213].  For retransmission of a DL SPS, the gNB schedules a dynamic grant, with the same HARQ PID as the original transmission but scrambles the DL assignment with CS-RNTI [38.321]. 
In the following we discuss two different cases, i.e. where there is only DL SPS scheduled with no dynamic scheduling, and the case where both DL SPS and dynamic PDSCH are scheduled.
2.1.1	Only DL SPS
In case, a UE receives only DL SPS PDSCH(s), i.e. no dynamic PUSCH is scheduled, the corresponding HARQ-ACK would be sent in a PUCCH resource provided by the higher layer parameter n1PUCCH-AN. The format of this PUCCH resource is 0 or 1 which means that it can carry maximum 2 bits of HARQ-ACK bits [38.331]. The lowest periodicity supported by Rel-15 DL SPS is 10 ms, and since the HARQ ACK feedback transmission occurs K1 slots after the PDSCH, there is always a 1-bit ACK/NACK feedback needs to be transmitted in PUCCH, which means a PUCCH format 0 or format 1 can be used. However, if DL SPS has a periodicity of less than 1 slot, HARQ ACK feedback of all of the DL SPS transmissions should be sent in the same slot i.e. n+K1, which means a different PUCCH format has to be used.
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Figure 1 Example of feedback for DL SPS with periodicity 7 symbols and feedback being sent at K1=1 slot later
based on the above analysis and also since RAN2 already agreed to support 0.5ms periodicity for SPS, it is proposed that the HARQ feedback for DL SPS in Rel-16 is enhanced to address this issue

For DL SPS with periodicity of less than 1 slot, support a larger PUCCH payload to carry the HARQ ACK bits corresponding to several SPS PDSCH in the that slot
Another issue with DL SPS with shorter periodicities is that the PDSCH-to-HARQ timing indicator can be different for different slots (or sub-slots in Rel1-16 with multiple PUCCH). there are at least two example of such cases:
· A TDD configuration of e.g. DDU with DL SPS periodicity of 1 slot means that the feedback for two DL slots should go to the following uplink slot. This means that the K1 value for the first DL slot is 2 while the K1 for the second slot should be 1. 
· DL SPS with periodicity of less than a slot, with feedback in multiple PUCCHs for HARQ ACK (Rel-16 PUCCH). In this case, as implied in the PUCCH discussions, K1 is expressed in units of sub-slot, and  K1 value can be different for different SPS occasions.
As seen in the above examples the existing feedback mechanism for DL SPS does not support any of these cases.

FFS the PDSCH-to-HARQ timing indication for DL SPS with reduced periodicity

2.1.2	DL SPS together with dynamic PDSCH
In case, a UE receives both SPS PDSCH(s) and dynamic PDSCH(s) scheduled by DCI, the corresponding HARQ-ACK would be included in a codebook. In Rel-15 NR, the number of HARQ-ACK bits corresponding to DL SPS is one bit per cell and is added to the corresponding dynamic codebook. For semi-static configured codebook, SPS uses one of the bits for dynamically scheduled PDSCH since the UE cannot receive dynamically a scheduled PDSCH and a SPS PDSCH with the same time-domain resource allocation. When the number of DL SPS in a slot is more than one, then semi-static and dynamic HARQ codebooks have to be constructed so that it can accommodate HARQ ACK transmission of several DL SPS transmission in a slot.

In case of semi-static HARQ codebook, since each HARQ ACK bit in the codebook corresponds to a specific time domain resource allocation (TDRA), the list of all allowed TDRA combinations should first be derived through pruning. A semi-static HARQ codebook contains HARQ ACK bits corresponding to each of the TDRAs in the allowed combinations of non-overlapping allocations. To illustrate this, assume as an example DL SPS with a periodicity of 2 symbols then possible TDRA’s with 2symbol allocation, 4 symbol allocation, and 7 symbol allocations are as shown in Figure 2. However not all possible combinations of allocations in the figure are allowed as some of them overlap with one another
[image: ]
[bookmark: _Ref5052428]Figure 2  Possible DL TDRA with DL SPS periodicity of 2 symbols and time domain allocation of 2 symbols, 4 symbols, and 7 symbols

To support multiple DL SPS transmission within a slot, size of semi-static HARQ codebook needs to be increased to support DL SPS with smaller periodicities

Also dynamic HARQ codebook should be constructed with one bit corresponding to each semi-persistently scheduled PDSCH.  In case multiple DL SPS occur per a cell within a PUCCH slot duration, multiple bits per cell need to be added to the dynamic HARQ codebook. The number of DL SPS PDSCH per PUCCH slot duration per cell depends on activation and/or configuration status of DL SPS configuration(s).

To support multiple DL SPS per slot, dynamic HARQ codebook should be constructed with one bit corresponding to each semi-persistently scheduled PDSCH.
In Rel-16 it has been decided that multiple PUCCH to support HARQ ACK feedback is supported. As a result, if SPS with lower periodicity is supported, the previous discussions on the HARQ ACK feedback for DL SPS can be affected as well. The following 4 cases can be identified regarding the HARQ feedback of DL SPS with shorter periodicity and the number of PUCCHs per slot.
· SPS periodicity down to 10ms (Rel-15) and one PUCCH per slot (Rel-15): no enhancement needed
· SPS periodicity down to 10ms (Rel-15) and multiple PUCCH per slot (Rel-16): no enhancement needed
· SPS periodicity down to less than 1ms (Rel-16) and one PUCCH per slot (Rel-15): enhancements needed
· SPS periodicity down to less than 1ms (Rel-16) and multiple PUCCH per slot (Rel-15): enhancement needed

2.2	Supporting DL SPS periodicity
RAN2 agreement states that DL SPS periodicity of 0.5ms is supported. One issue from a physical layer numerology that should be noted here is that specifying periodicities in absolute time (unit of ms) can be a problem especially if the lower periodicities supported. The reason is that the length of symbols in NR are not equal within a half slot. 
According to 38.211, the time duration of the cyclic prefix for the first OFDM symbol in every half slot is different than the remaining 6 OFDM symbols:
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Therefore, periodicities in units of absolute time does not represent symbol periodicities. To follow this logic it is proposed to express the periodicity in terms of symbols rather than time and inform RAN2 of the decision.

Express DL SPS periodicities in terms of number of OFDM symbols and inform RAN2 of the decision

Conclusion
Based on the discussion in the previous sections we have the following observations and proposal:
1. [bookmark: _GoBack]To support multiple DL SPS transmission within a slot, size of semi-static HARQ codebook needs to be increased to support DL SPS with smaller periodicities
To support multiple DL SPS per slot, dynamic HARQ codebook should be constructed with one bit corresponding to each semi-persistently scheduled PDSCH.

1. Support DL SPS periodicity down to 2 symbols
For DL SPS with periodicity of less than 1 slot, support a larger PUCCH payload to carry the HARQ ACK bits corresponding to several SPS PDSCH in the that slot
FFS the PDSCH-to-HARQ timing indication for DL SPS with reduced periodicity
Express DL SPS periodicities in terms of number of OFDM symbols and inform RAN2 of the decision
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