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1   Introduction

RAN2 has agreed to support SPS in NR and already made many stage 2 agreements. However, due to slow progress of RAN1 on grant-free transmission, which is believed to have dependencies with UL SPS, TS 38.321 does not capture anything on SPS yet.
This contribution discusses stage 3 details for DL SPS with aim to specify it in NR specifications in Rel-15.

2   Discussion
LTE supports downlink SPS since Rel-8. The main use case is VoIP, where packet size and packet inter-arrival interval are predictable. NR has the same use case and hence should support DL SPS from the first release.
Proposal 1: RAN2 is requested to specify downlink semi-persistent scheduling in NR specifications (e.g. 38.321, 38.331) in release 15 based on LTE DL SPS
LTE has following downlink SPS related parameters which are specified in 36.331 and shown below:

SPS-Config ::=  SEQUENCE {
    semiPersistSchedC-RNTI          C-RNTI                  OPTIONAL,           -- Need OR

    sps-ConfigDL                    SPS-ConfigDL            OPTIONAL,           -- Need ON

    sps-ConfigUL                    SPS-ConfigUL            OPTIONAL            -- Need ON

}

SPS-ConfigDL ::=    CHOICE{

    release                         NULL,

    setup                           SEQUENCE {

        semiPersistSchedIntervalDL          ENUMERATED {

                                                sf10, sf20, sf32, sf40, sf64, sf80,

                                                sf128, sf160, sf320, sf640, spare6,

                                                spare5, spare4, spare3, spare2,
                                                spare1},

        numberOfConfSPS-Processes           INTEGER (1..8),

        n1PUCCH-AN-PersistentList           N1PUCCH-AN-PersistentList,

        ...,

        [[  twoAntennaPortActivated-r10     CHOICE {

                release                         NULL,

                setup                           SEQUENCE {

                    n1PUCCH-AN-PersistentListP1-r10 N1PUCCH-AN-PersistentList

                }

            }                                                               OPTIONAL    -- Need ON

        ]]

    }

}

n1PUCCH-AN-PersistentList and n1PUCCH-AN-PersistentListP1-r10 are list of 
Other parameters like semiPersistSchedIntervalDL, numberOfConfSPS-Processes and semiPersistSchedC-RNTI remain relevant for NR.
Proposal 2: Ask RAN1 whether [image: image1.png]S Rex



 for antenna port P0 and for antenna port P1 should be supported in NR
Proposal 3: RRC signals semiPersistSchedIntervalDL, numberOfConfSPS-Processes and semiPersistSchedC-RNTI
The value range of semiPersistSchedIntervalDL in LTE is between 10ms and 640ms, which seems sufficient for VoIP. The same value range can be supported in NR.
Proposal 4: As a baseline, the value range of semiPersistSchedIntervalDL in LTE is supported in NR
TS 36.321 has following procedures for downlink SPS support
	Section in LTE MAC
	Functions
	Relevant text

	5.3.1      DL Assignment reception
	Determining SPS activation/release and retransmission based on NDI
	See text in the Annex highlighted with green

	
	Calculating HARQ process id calculation
	See text in the Annex highlighted with yellow

	5.10       Semi-Persistent Scheduling
	Calculating configured assignment occurence; 
	See text in the Annex highlighted with jade


Determining SPS activation/release and SPS retransmission based on NDI can be reused for NR
Proposal 5: SPS activation/release and SPS retransmission are determined by NDI as in LTE
Calculating HARQ process id is based on subframe which may not be valid in NR. RAN2 should know first what the scheduling time unit is (i.e. whether DL SPS resource is configured per slot, per mini-slot or subframe). The same applies to calculating configured assignment occurrence
Proposal 6: Ask RAN1 whether DL SPS resource is allocated per slot, per mini-slot or per subframe
3   Conclusion
Following observations and proposals are made in this paper:
Proposal 1:
RAN2 is requested to specify downlink semi-persistent scheduling in NR specifications (e.g. 38.321, 38.331) in release 15 based on LTE DL SPS
Proposal 2:
Ask RAN1 whether [image: image2.png]S Rex



 for antenna port P0 and for antenna port P1 should be supported in NR
Proposal 3:
RRC signals semiPersistSchedIntervalDL, numberOfConfSPS-Processes and semiPersistSchedC-RNTI
Proposal 4:
As a baseline, the value range of semiPersistSchedIntervalDL in LTE is supported in NR
Proposal 5:
SPS activation/release and SPS retransmission are determined by NDI as in LTE
Proposal 6:
Ask RAN1 whether DL SPS resource is allocated per slot, per mini-slot or per subframe

4   Annex

5.3.1      DL Assignment reception
Downlink assignments transmitted on the PDCCH indicate if there is a transmission on a DL-SCH for a particular MAC entity and provide the relevant HARQ information.

…

-    else, if this Serving Cell is the SpCell and a downlink assignment for this TTI has been received for the SpCell on the PDCCH of the SpCell for the MAC entity’s Semi-Persistent Scheduling C-RNTI:

-     if the NDI in the received HARQ information is 1:

-     consider the NDI not to have been toggled;
-     indicate the presence of a downlink assignment and deliver the associated HARQ information to the HARQ entity for this TTI.

-     else, if the NDI in the received HARQ information is 0:
-     if PDCCH contents indicate SPS release:
-    clear the configured downlink assignment (if any);

-    if the timeAlignmentTimer associated with the pTAG is running:

-     indicate a positive acknowledgement for the downlink SPS release to the physical layer.

-     else:
-    store the downlink assignment and the associated HARQ information as configured downlink assignment;

-    initialise (if not active) or re-initialise (if already active) the configured downlink assignment to start in this TTI and to recur according to rules in subclause 5.10.1;

-    set the HARQ Process ID to the HARQ Process ID associated with this TTI; 

-    consider the NDI bit to have been toggled;

-    indicate the presence of a configured downlink assignment and deliver the stored HARQ information to the HARQ entity for this TTI.

…

For configured downlink assignments, the HARQ Process ID associated with this TTI is derived from the following equation:

HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalDL)] modulo numberOfConfSPS-Processes,

where CURRENT_TTI=[(SFN * 10) + subframe number].
For BL UEs or UEs in enhanced coverage, CURRENT_TTI refers to the TTI where first transmission of repetition bundle takes place.

…
5.10.1    Downlink

After a Semi-Persistent downlink assignment is configured, the MAC entity shall consider sequentially that the Nth assignment occurs in the subframe for which:

-    (10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * semiPersistSchedIntervalDL] modulo 10240.
Where SFNstart time and subframestart time are the SFN and subframe, respectively, at the time the configured downlink assignment were (re-)initialised.
For BL UEs or UEs in enhanced coverage SFNstart time and subframestart time refer to SFN and subframe of the first transmission of PDSCH where configured downlink assignment was (re-)initialized.

