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At RAN #86, a new work item “Enhanced Industrial Internet of Things (IoT) and URLLC support” was approved [1].  
At RAN #88-e, the WI was updated [2].
There are five objectives for the approved work item:

1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
	….

At RAN1 #102-e, the following were agreed:

Agreements:
Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 
· This topic is to be considered as high priority
· FFS detailed solution(s)

Agreements:
Study further at least the following schemes:
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and/or skipping for ‘non-skipped’ SPS PDSCH
· Type 1 HARQ codebook based on sub-slot PUCCH config 
· PUCCH carrier switching for HARQ feedback
In this contribution we provide our initial views on some of those considered enhancements. 
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[bookmark: _Toc54340759]SPS design in NR
In Rel-15 NR, DL SPS was introduced; and in Rel-16 NR, DL SPS has been enhanced.

By examining the SPS-config IE in TS 38.331 (Rel-16):
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
   ...,
   [[
   sps-ConfigIndex-r16 SPS-ConfigIndex-r16 OPTIONAL, -- Cond SPS-List
   harq-ProcID-Offset-r16 INTEGER (0..15) OPTIONAL, -- Need R
   periodicityExt-r16 INTEGER (1..5120) OPTIONAL, -- Need R
   harq-CodebookID-r16 INTEGER (1..2) OPTIONAL,-- Need R
   pdsch-AggregationFactor-r16 ENUMERATED {n1, n2, n4, n8 } OPTIONAL-- Need S
   ]]
}

	periodicityExt
This field is used to calculate the periodicity for DL SPS (see TS 38.214 [19] and see TS 38.321 [3], clause 5,8.1). If this field is present, the field periodicity is ignored.
The following periodicities are supported depending on the configured subcarrier spacing [ms]:
15 kHz:	periodicityExt, where periodicityExt has a value between 1 and 640.
30 kHz:	0.5 x periodicityExt, where periodicityExt has a value between 1 and 1280.
60 kHz with normal CP:	0.25 x periodicityExt, where periodicityExt has a value between 1 and 2560.
60 kHz with ECP:	0.25 x periodicityExt, where periodicityExt has a value between 1 and 2560.
120 kHz:					0.125 x periodicityExt, where periodicityExt has a value between 1 and 5120.



we can see the periodicity with the current DL SPS design does not support traffic’s periodicity well. 

In one example, for traffic generated at 120 Hz, its periodicity is 25/3 milliseconds; such a periodicity cannot be configured with the current DL SPS configuration.

Over-provision has been considered as a solution to deal with the mismatch between periodicity supported by DL SPS and traffic’s periodicity.  We can identify at least two issues with over-provision:
· UE power consumption:
· The UE can be burdened with detection with non-existent PDSCH, which can have severe UE power consumption implication;
· Wasted system resources and raised interference level
· The UE needs to send HARQ feedback even for non-existent SPS PDSCH and the transmission leads to raised interference level in the uplink spectrum.

At RAN1 #102-e, a number of companies proposed to address the issue of wasted system resources and raised interference level. In our view, the UE power consumption is also a critical issue. Also the SPS HARQ skipping behavior with NACKs for all SPS achieves HARQ feedback overhead reduction only for SPS only HARQ feedback; in the case there is a single HARQ bit for DG PDSCH then HARQ feedback bits for non-existent DL PDSCHs are still needed. 

For a UE to come up with an “NACK” for non-existent DL PDSCH, there is actually a cost beyond generating a HARQ feedback bit: some kind of detection scheme such as one based on correlation with PDSCH DMRS may be used to determine the presence of DL PDSCH; however if the MCS level of the DL SPS PDSCH is low, as the targeted SINR may be low also, then performing correlation with PDSCH DMRS may not be enough. Further processing steps down the demodulation chain may be needed, e.g. LDPC decoding.   

Solutions to reduce DL SPS PDSCH reception and generation of HARQ feedback bits

We can consider the introduction of non-integer periodicity for DL SPS, the root cause of SPS HARQ skipping can be addressed; which avoids un-necessary PDSCH demodulation effort on the UE side for non-existent PDSCH transmission, and also un-necessary PUCCH transmissions for non-existent PDSCH reception and accompanied UL interference.

For example, for traffic with periodicity at 25/3 milliseconds, assume the first DL SPS arrives in slot 0, the slots where the UE receives DL SPS are given by so the mismatch between DL SPS and actual traffic arrival can be avoided. After slot 0, subsequent arrivals can be given by slot  (i.e. slot 9, 17, 25, 34, 42) as shown in Figure 1. 
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Figure 1 DL SPS configuration matched with the traffic's periodicity, SCS at 15 KHz
We can also consider potential jitter in traffic arrival at the network, so the packet arrival at gNB may not be at the nominal arrival time. Then we can use a jitter window enclosing the nominal arrival time to limit occasions where the UE needs to demodulate DL SPS PDSCH and generate HARQ feedback. The larger the jitter window is, the larger the number of SPS PDSCH demodulation is required by the UE; hence the setup of the jitter window size can take into account of factors such as 1) PDCCH overhead reduction due to the use of DL SPS, 2) UE power consumption (DL SPS demodulation),  3) PUCCH overhead due to HARQ feedback and raised uplink interference.
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Figure 2 Jitter window to limit UE demodulation effort and HARQ generation
We have
Proposal 1: Consider the support of configurating non-integer periodicity for DL SPS to reduce HARQ feedback overhead.

Proposal 2: Consider the introduction of jitter window around a nominal arrival time to limit occasions for DL SPS feedback and HARQ generation.
[bookmark: _Toc54340760]Conclusions
In this contribution, we discuss solutions to reduce DL SPS demodulation effort and generation of HARQ feedback bits for DL SPS. We have

Proposal 1: Consider the support of configuration of non-integer periodicity for DL SPS to reduce HARQ feedback overhead.

Proposal 2: Consider the introduction of jitter window around a nominal arrival time to limit occasions for DL SPS feedback and HARQ generation.
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