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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 previous RAN2 meetings, the following agreements were reached:
R2 assumes that the maximum number of active SPS configurations for a given BWP of a serving cell in the specification is 8 or 16 (FFS).
R2 assumes short SPS/CG periodicities and/or multiple SPS/CG configurations and/or combination thereof could be used to mitigate the periodicity misalignment between the TSN periodicity and CG/SPS periodicity. Other solutions not precluded, e.g. to address resource consumption. 
Will support “short” SPS periodicities, at least down to 0.5ms
Ask R1 on feasibility, and additionally the feasibility to go down to even lower values, e.g. 2 symb.  
R2 assumes that activation/deactivation is done by DCI. 
RAN1 should address activation/deactivation DCIs related with configured grant Type 2 and SPS in the case of multiple configurations
When multiple UL CG or DL SPS configurations is configured, an offset for each configuration is needed for the calculation of the HARQ process ID

LS R2-1905234 was sent to RAN1, based on the above RAN2 agreements, and reply is available in R1-1907961 [3]. In this contribution, we discuss the remaining open issues for DL SPS. 
[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 pre-scheduled reliable transmission opportunities in the downlink, and when frequent scheduling is required, avoid control channel overhead that would be present when dynamic DL scheduling is used instead. 
Multiple configurations of DL SPS
When it come to the RRC configuration of the enhanced DL SPS operation envisaged for Rel-16, considering the support for multiple DL SPS configurations, we do not see the need for any RRC signalling optimizations and believe it is sufficient to configure each DL SPS configuration separately.  
[bookmark: _Toc7684760][bookmark: _Toc7685154][bookmark: _Toc7686019][bookmark: _Toc7697890][bookmark: _Toc7722639][bookmark: _Toc13213516][bookmark: _Toc14170000][bookmark: _Toc14262505][bookmark: _Toc16177783][bookmark: _Toc16177899][bookmark: _Toc16239353][bookmark: _Toc16769537][bookmark: _Toc16785572][bookmark: _Toc16785580][bookmark: _Toc16785611]Each DL SPS is configured independently from each other (i.e. no RRC signalling optimization).
In RAN2#105bis, it has been concluded that a harqProcessIdOffset per configuration should be introduced, for both DL SPS and UL CG. Additionally, the configuration index should be added to differentiate individual configurations (e.g. for individual activation/deactivation).
[bookmark: _Toc7683773][bookmark: _Toc7684761][bookmark: _Toc7685155][bookmark: _Toc7686020][bookmark: _Toc7697891][bookmark: _Toc7722640][bookmark: _Toc13213517][bookmark: _Toc14170001][bookmark: _Toc14262506][bookmark: _Toc16177784][bookmark: _Toc16177900][bookmark: _Toc16239354][bookmark: _Toc16769538][bookmark: _Toc16785573][bookmark: _Toc16785581][bookmark: _Toc16785612]Add configurationIndex and harqProcessIdOffset as configuration parameters to each DL SPS configuration.
For DL SPS, the resulting RRC ASN1 for those individual configurations is illustrated in the Annex. 
[bookmark: _Toc14262508]Another question is on the maximum number of simultaneously active configurations. An FFS was noted on this discussion in previous RAN2#105bis. RAN1 LS reply [3] points to an RAN1 agreement that 8 active SPS configurations are deemed sufficient for Rel-16, but also that impact of support for 16 has not completely been analysed. From our RAN2 point of view, to be future-proof in general and to be better in handling of non-integer aligned periodical TSN traffics in particular (see [4]), we believe that Rel-16 should support up to 16 possible SPS configurations. This way, e.g. 8 TSN traffic classes (as handled with IEEE Qbv) can be supported with SPS, but further services like VOIP are supportable in addition, and also cases of non-integer aligned TSN traffic can be handled – as each of those multiple SPS patterns could be helpful to be configurable (see [4]). 
[bookmark: _Toc16177786][bookmark: _Toc16177901][bookmark: _Toc16239355][bookmark: _Toc16769539][bookmark: _Toc16785574][bookmark: _Toc16785582][bookmark: _Toc16785613]Support 16 SPS configurations per BWP.
Furthermore, LS reply [3] clarifies on the question on feasibility on support for shorter SPS periodicities: it is feasible to support 1 slot periodicity for all SCS (single SPS configuration), but that shorter periodicities remain FFS in RAN1. We should take this into account as a working assumption when continuing discussing SPS periodicities.
DL SPS HARQ handling
For DL SPS, MAC specification TS 38.321 considers currently only slot granularity for formulas determining the SPS occasion as well as the HARQ process ID to be used. RAN1 LS reply [3] indicates that it is feasible to support periodicity down to 1 slot for all SCS and clarifies that RAN1 will continue to further investigate whether or not it is feasible to support periodicities shorter than 1 slot for SPS. In the case shorter than 1 slot for SPS is supported, the formulas in MAC specification for DL SPS need to consider sub-slot granularity and to be future-proof, as well as alignment with UL CG formulas, it seems straight-forward to base those formulas for DL SPS on OFDM symbol granularity. 
In addition, we use DL SPS to serve TSN traffic flows which might have a large range of periodicity values. In order to reduce the alignment delay between packet arrival and assigned SPS resources, it is beneficial to have more granular periodicities values for SPS and the cases for different SCS should also be considered. In conclusion, it seems much cleaner and clearer to base periodicity values on number of OFDM symbols rather than fractions of millisecond values (for higher SCS). 
An example to determine DL SPS occasions is shown below, aligned with formula for NR UL configured grant:
Proposal for Rel-16:
After a downlink assignment is configured for SPS, the MAC entity shall consider that the downlink assignments recurs associated with each symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] =
[(SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time) + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot), for all N >= 0.
where SFNstart time, slotstart time, and symbolstart time are the SFN, slot, and symbol, respectively, of the first transmission of PDSCH where the configured downlink assignment was (re-)initialised.
[bookmark: _Toc3301160][bookmark: _Toc3301202][bookmark: _Toc3301520]When it comes to HARQ process ID determination and considering multiple active DL SPS configuration to separate the HARQ process ID pool, it had been agreed in RAN2#105bis to introduce a harqProcessIdOffset parameter. Taking both symbol-level calculation and HARQ process ID offset into account leads to the following proposed specification of the HARQ ID determination.
Proposal for Rel-16:
For configured downlink assignments, the HARQ Process ID associated with the first symbol of a DL transmission is derived from the following equation:
HARQ Process ID = [floor (CURRENT_symbol/ periodicity)] modulo nrofHARQ-Processes + harqProcessIdOffset
[bookmark: _GoBack]where CURRENT_symbol=(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slot number in the frame × numberOfSymbolsPerSlot + symbol number in the slot), and numberOfSlotsPerFrame and numberOfSymbolsPerSlot refer to the number of consecutive slots per frame and the number of consecutive symbols per slot, respectively as specified in TS 38.211 [8].
In conclusion we propose:
[bookmark: _Toc3464825][bookmark: _Toc4581924][bookmark: _Toc4680549][bookmark: _Toc5893503][bookmark: _Toc7526113][bookmark: _Toc7526124][bookmark: _Toc7526869][bookmark: _Toc7609325][bookmark: _Toc7683778][bookmark: _Toc7684765][bookmark: _Toc7685159][bookmark: _Toc7685861][bookmark: _Toc7685923][bookmark: _Toc7685935][bookmark: _Toc7697956][bookmark: _Toc7716862][bookmark: _Toc16177787][bookmark: _Toc16177902][bookmark: _Toc16239356][bookmark: _Toc16769540][bookmark: _Toc16785575][bookmark: _Toc16785583][bookmark: _Toc16785614]Formulas to determine DL SPS assignment occurrences as well as HARQ process ID should be based on OFDM-symbols.
Conclusion
[bookmark: _Toc528850436][bookmark: _Toc528850447][bookmark: _Toc528850496][bookmark: _Toc528850518][bookmark: _Toc528853699][bookmark: _Toc785813]Based on the discussion above, we propose the following:
Proposal 1	Each DL SPS is configured independently from each other (i.e. no RRC signalling optimization).
Proposal 2	Add configurationIndex and harqProcessIdOffset as configuration parameters to each DL SPS configuration.
Proposal 3	Support 16 SPS configurations per BWP.
Proposal 4	Formulas to determine DL SPS assignment occurrences as well as HARQ process ID should be based on OFDM-symbols.
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Annex: Example SPS-Config in RRC for Rel-16




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 {...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..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
    ...
}

