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Introduction
In this contribution we discuss Semi-Persistent Scheduling (SPS) functionality for Rel-13 eMTC UEs, i.e. BL UEs or UEs in enhanced coverage, and conclude if such functionality can be supported by Rel-13 eMTC UEs. The following agreements regarding SPS have been made in RAN1#83:

	· Support SPS for mode A only. Deactivation/activation is based on the legacy procedure. 
· Signaling of the number of  repetitions (DL and UL) is similar to the non-SPS case in eMTC, i.e., as indicated in the MPDCCH for activation
· The PUCCH resource management for SPS PDSCH is based on legacy SPS. That is,
· 4 resources configured by RRC
· 2-bit TPC in the activation MPDCCH indicates which one to use
· Other SPS configuration parameters follows the legacy mechanism
Conclusion:
· Invalid subframes handling in SPS follows the same rules as the case when MPDCCH schedules PDSCH/PUSCH.




	· For DL/UL SPS, the following fields are reserved for the activation DCI
· M1A:
· TPC for PUCCH: used to select PUCCH configuration from the 4 configured in RRC
· HARQ process number
· RV
· M0A:
· TPC command for scheduled PUSCH.
· HARQ process number
· RV
· The repetition number is derived from DCI following the same mechanism as dynamic PDSCH/PUSCH.
· For DL/UL SPS, the following fields are reserved for the deactivation DCI
· M1A:
· Field(s) used for resource allocation
· HARQ process number
· MCS
· RV
· Repetition number
· M0A:
· Field(s) used for resource allocation
· MCS and RV
· TPC command for scheduled PUSCH
· Repetition number



	· For Rel-13 eMTC UEs, dynamically scheduled PDSCH and PUSCH have higher priority than semi-persistent scheduled PDSCH and PUSCH
· For collisions between semi-persistent scheduled PDSCH and PUSCH and other channels, same rules as dynamically scheduled PDSCH and PUSCH apply.
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SPS overview
A summary of how SPS can be configured is given below:
SPS is activated or released via PDCCH (or MPDCCH) with Semi-Persistent Scheduling C-RNTI.
RRC is used to configure (and enable/disable) SPS for uplink and/or downlink.
RRC configuration defines the periodicity or scheduling interval of the grant/assignment.
For uplink the number of empty transmissions before implicit grant release can be configured.
For downlink the number of used HARQ processes for SPS can be configured.
SPS for CE Mode A
RAN1 has agreed to support SPS for CE Mode A operation only. Maximum value for pdsch-maxNumRepetitionCEmodeA-r13 and pusch-maxNumRepetitionCEmodeA-r13 [1] is 32, thus the SPS configuration should be such that such number of repetitions can be scheduled between configured grant occasions.
For Rel-13 BL UEs and UEs in enhanced coverage, repetitions for data transmissions rely on invoking the same HARQ process for transmission during a number of consecutive subframes. For SPS, for one downlink assignment or uplink grant, the number of consecutive repetitions would be given in the initial Semi-Persistent assignment or grant, i.e., they are given in MPDCCH when activating SPS as agreed by RAN1 [RAN1#83]. 
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If SPS is enabled by RRC for downlink, the scheduling interval is given by semiPersistSchedIntervalDL. Correspondingly for uplink, the scheduling interval is given by semiPersistSchedIntervalUL.The value range for both of these IEs are {sf10, sf20, sf32, sf40, sf64, sf80, sf128, sf160, sf320, sf640, spare6, spare5, spare4, spare3, spare2, spare1}.  
For the maximum possible number of repetitions in CE Mode A, the lowest configuration options cannot be used. The highest values are such that the repetitions can be done during the interval between two SPS configured subframes. 
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In downlink the used subframes for SPS are as follows [2]:
	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.



Correspondingly for the uplink:
	After a Semi-Persistent Scheduling uplink grant is configured, the MAC entity shall:
-	if twoIntervalsConfig is enabled by upper layer:
-	set the Subframe_Offset according to Table 7.4-1.
-	else:
-	set Subframe_Offset to 0.
-	consider sequentially that the Nth grant occurs in the subframe for which:
-	(10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * semiPersistSchedIntervalUL + Subframe_Offset * (N modulo 2)] modulo 10240.
Where SFNstart time and subframestart time are the SFN and subframe, respectively, at the time the configured uplink grant were (re-)initialised.



In these procedures one possible ambiguity is the “start time” of the configured downlink assignment or uplink grant, as the transmission of the corresponding DCI is over MPDCCH which may require repetitions depending on the coverage enhancement level. 
If the “start time” SFN and subframe are assumed to be referring to SFN and subframe where the first transmission before further MPDCCH repetitions takes place, there should be no ambiguity. 
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HARQ process ID mapping for SPS
In downlink data transmission for SPS the used HARQ process ID is currently defined as follows:

	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].



The process ID given by this formula changes every semiPersistSchedIntervalDL subframe. Depending on the absolute subframe number, it can happen that the HARQ process ID is changed during the repetitions for one bundle, if the CURRENT_TTI variable is updated for every TTI during repetitions. One solution would be to consider CURRENT_TTI to refer to the starting subframe (i.e. the first transmission in the bundle) during the whole bundle of repetitions. 
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Figure 1. SPS for Rel-13 eMTC UEs
In legacy the uplink HARQ process ID is derived through the used subframe, but for repetition bundling in eMTC this approach does not work. Instead in eMTC the uplink grant explicitly gives the HARQ process ID. For SPS there needs to be some way to derive the used HARQ process ID for the TTIs for the configured uplink grants. We propose to use the same formula as for downlink, i.e.:
HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalUL)] modulo NUMBER_OF_UL_SPS_PROCESSES,
where CURRENT_TTI=[(SFN * 10) + subframe number]. Variable NUMBER_OF_UL_SPS_PROCESSES can be configured by higher layers (RRC) or set to fixed value. The fixed value for FDD would be 8 and for TDD it would depend on TDD configuration as given in Table 8-1 in [3].
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Further considerations
If a dynamically scheduled transmission coincides with a SPS transmission, the dynamically scheduled transmission indicated by C-RNTI takes the precedence. This reflects RAN1 agreement and how the legacy SPS operates, thus no changes are needed. Retransmissions of SPS transmission are explicitly allocated using MPDCCH (PDCCH in legacy), and there should be no changes needed for retransmission mechanisms. 
Based on the discussion, we conclude that SPS can be configured so that Rel-13 eMTC UEs operating in CE Mode A can use SPS.
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Finally, we note that there are no backward compatibility issues to introduce change to UL SPS for eMTC although the eMTC WI is already closed and ASN.1 is frozen.  This is because existing FGI can be used to indicate if the UE has implemented and successfully tested SPS.
Conclusion
In section 2 we made the following observations:

Observation 1	The number of repetitions used in SPS transmissions is given by the initial Semi-Persistent downlink assignment and/or uplink grant indicated by SPS C-RNTI.
Observation 2	The scheduling interval for SPS can be configured long enough so that SPS can be supported.
Observation 3	For downlink, SPS can be configured so that Rel-13 BL UEs or UEs in enhanced coverage can support SPS for CE Mode A.  For uplink, HARQ process ID association to TTIs needs to be defined.

Based on the discussion in section 2 we propose the following:

Proposal 1	In SPS subframe calculation, SFNstart time and subframestart time refer to the first transmission of MPDCCH repetitions.
Proposal 2	For DL HARQ process calculation, CURRENT_TTI refers to the subframe of the first transmission in the repetition bundle.
Proposal 3	HARQ process ID associated with a TTI is determined with the similar formula in uplink as for downlink for eMTC SPS.
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