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Introduction
In RAN2#97bis, semi-persistent scheduling (SPS) was discussed and the following agreements were reached:
Agreements on grant-free
=>	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.  

Agreements on SPS:
-	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. 
-	UL skipping for dynamic grant should be configurable.  FFS if UL skipping for SPS is configurable
-	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.

In this contribution we discuss the FFS on “UL skipping”, i.e. how NR should consider the LTE-Rel-14 enhancement of SPS and dynamic scheduling to skip uplink padding transmissions, if no UL data is available.
[bookmark: _Ref178064866]Discussion
SPS in LTE is mainly used to configure the UE semi-statically with a periodic resource allocation which ideally matches a periodic traffic pattern, for example VoIP, where periods of approximately 20ms are typical. 
In LTE, Rel-14, “UL skipping” was introduced as a feature in dynamic uplink scheduling as well as SPS-based scheduling. Thereby, the mandate for the UE to always utilize an UL grant – even if no UL data is available by a padding transmission – was removed. This way, the UE skips the UL padding transmission. The motivation for this feature on SPS was that SPS intervals were reduced to 1ms for low-latency uplink access, and that too frequent redundant padding transmissions should be thereby avoided. The feature was then extended to dynamic UL grants as well.
It becomes obvious that in LTE, the SPS framework is used for these two distinct use cases: low-latency uplink access on the one side with minimum periodicity of 1ms, and VoIP-like periodic traffic with relaxed periodicities of about 20ms. 
For NR, it had been already agreed in RAN2#97bis, that UL skipping for dynamic grant should be configurable, and it was left FFS whether UL skipping for SPS should be configurable as well. In the discussions in RAN2#97bis, it was mentioned that UL skipping might not always need to be considered for example for higher SPS intervals. 
Always enabling “UL skipping” on SPS has the advantage of an aligned design, especially an aligned HARQ design for SPS. In all cases of SPS usage, the skipping redundant UL transmissions would reduce the interference and power consumption of the UE. “UL skipping” would be a pre-requirement for a contention-based access solution such as developed for NR SPS i.e. “grant-free” access.
On the other side, “UL skipping” comes with the need for procedure to confirm the activation/deactivation. The overhead of this is minimal, as it is only sent once, and the procedure can be reused from LTE. 
The main complexities in the design and standardization of the Rel-14 “UL skipping” feature in LTE came from combination of SPS with 1ms periods, “UL skipping” and usage of synchronous i.e. PHICH-based HARQ. Thereby, the potential error cases of eNB distinguishing falsely between UL decoding failure and UL skipped transmission (DTX detection error), required the eNB to always send PHICH ACK or NACK to the UE, since the UE expects a PHICH feedback in case it did a transmission. 
Since NR will be based on asynchronous HARQ with feedback on PDCCH, these complexities do not exist anymore. The UE is able to distinguish between PDCCH “ACK”, “NACK” and PDCCH CRC check failure, in which case the UE may act according to a defined assumption (ACK or NACK). This was not possible on PHICH in LTE, where the UE could not reliably detect DTX and correspondingly make a reliable assumption on ACK or NACK. These aspects of NR SPS design are further discussed in [1]
In conclusion, we believe that NR SPS should always enable “UL skipping”.
[bookmark: _Toc481055718][bookmark: _Toc481064687]In NR SPS, “UL skipping” is always enabled.
Therefore, when NR SPS is activated or deactivated, to avoid the error case where gNB believes that UE already has a SPS UL grant while UE missed it, or still has the SPS UL grant while the UE missed the deactivation, a confirmation message acknowledging the SPS UL resource should be sent to the gNB, following legacy LTE.

[bookmark: _Toc480382660][bookmark: _Toc481055719][bookmark: _Toc481064688]Like in legacy LTE, when NR UP SPS resources are activated (granted) or deactivated, UE should send a confirmation to the gNB.
In legacy LTE-SPS, periodic messages such as CSI and PHR can be transmitted also when “UL skipping” is configured and no data is available. These periodic transmissions can be employed for UL link adaptation. BSR is not transmitted periodically on SPS-resources when “UL skipping” is configured, since it would anyway indicate only the empty buffer. It can be assumed that in general a similar configuration is used for NR. 
[bookmark: _Toc480382661][bookmark: _Toc481055720][bookmark: _Toc481064689]In NR SPS, periodic transmissions should follow similar operations like in LTE.
For proper network control, it is beneficial that an explicit deactivation mechanism is needed. Introducing also implicit mechanisms can further improve the resource utilization by returning unused resources to the scheduler. A timer-based deactivation could also simplify scheduling.
[bookmark: _Toc480382662][bookmark: _Toc481055721][bookmark: _Toc481064690]Both explicit and implicit deactivation of the SPS resource should be available.
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	In NR SPS, “UL skipping” is always enabled.
Proposal 2	Like in legacy LTE, when NR UP SPS resources are activated (granted) or deactivated, UE should send a confirmation to the gNB.
Proposal 3	In NR SPS, periodic transmissions should follow similar operations like in LTE.
Proposal 4	Both explicit and implicit deactivation of the SPS resource should be available.
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