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1 Introduction

Substantial progress has been made for regular uplink and downlink data transmission for Rel-13 LC/CE UEs. But SPS operation has not been carefully investigated.
In this contribution we discuss outstanding topics related to the SPS operation for Rel-13 LC/CE UEs.
2 Discussion

2.1 Impact from repetitions
What needs to be changed for SPS support when repetition is necessary? 
For CE mode A in FDD, similar to regular PDSCH/PUSCH, RRC provides the set of possible set repetition numbers, and the M-PDCCH signals the actual number of repetitions and the narrowband to be used. The network ensures that the number of DL/UL repetitions is lower than “semiPersistSchedIntervalDL” and “semiPersistSchedIntervalUL” for PDSCH and PUSCH, respectively. Since the existing SPS interval can be as high as 640 ms, there is no need to introduce even higher intervals.
For CE mode B in FDD, since a large number of repetitions are expected, it is not clear that SPS can operate without special handling. Thus it is proposed that this feature is not supported at this time, considering the limited time to coordinate RAN1 and RAN2 effort to fully investigate.   

For TDD, currently E-UTRAN does not simultaneously enable TTI bundling and semi-persistent scheduling. Hence it is also proposed that SPS is not enabled for TDD when repetition is necessary.

Proposal 1 SPS is not supported for {FDD + CE mode B} or TDD.
How to handle the SPS and invalid subframes?

Invalid UL and DL subframes affect SPS or non-SPS data transmission in the same way. The decision to postpone or to drop a transmission is not affected by the data transmission type. Hence, the same rule should be applied as regular PDSCH/PUSCH.

Proposal 2 For SPS operation, apply the same rule as regular PDSCH/PUSCH to handle invalid subframes.
Any impact of DCI for SPS?

For legacy design, there are many special fields in DCI for validation. When defining new DCI for CE mode A, these fields can be kept.  

In general, the DCI updates for SPS should be same/similar as DCI update for scheduling regular PDSCH/PUSCH for LC/CE UEs, e.g., to indicate narrowband, to indicate number of repetitions, etc.

Proposal 3 Apply the same DCI updates for SPS as for regular PDSCH/PUSCH.
Any collision handling?

As in legacy, the UE needs to do both: monitor M-PDCCH and perform SPS transmission/reception.  

For M-PDCCH collision with DL SPS, there are two options:

· Option 1.M-PDCCH search space to be monitored is in the same time-frequency (i.e., subframe - narrowband) resource as DL SPS; 

· Option 2. M-PDCCH search space to be monitored is in separate time-frequency (i.e., subframe - narrowband) resource than DL SPS. If an M-PDCCH opportunity partially overlaps with DL SPS, DL SPS is prioritized.

Our preference is Option 2.

For M-PDCCH collision with UL SPS:

If an M-PDCCH with repetition ends in subframe n, it is taken into account in UL SPS transmission starting as early as subframe (n+4). The UL SPS transmission parallel in time with M-PDCCH is not affected for FD-FDD.

For HD-FDD, if an M-PDCCH opportunity overlaps with UL SPS transmission, UL SPS transmission takes priority over M-PDCCH monitoring.
Proposal 4 If an M-PDCCH opportunity partially overlaps with DL SPS, DL SPS is prioritized.
Proposal 5 For HD-FDD, if an M-PDCCH opportunity overlaps with UL SPS transmission, UL SPS transmission takes priority over M-PDCCH monitoring.

UL TM reduction
TM reduction has been considered for DL. UL TM reduction should be considered also.
 (1) Reduce the number of transmission modes of SPS to Mode {1,2,6,9} only for DL, similar to regular PDSCH for LC/CE UEs. 

(2) Reduce the number of transmission modes of SPS to Mode {1} only for UL. -àNeed to agree on this for regular PUSCH for LC/CE UEs also.
Proposal 6 Reduce the UL transmission modes to Mode 1 only for both SPS and regular UL transmission.
3 Conclusions
In this contribution we discussed SPS operation for LC/CE UEs.

Proposal 1 SPS is not supported for {FDD + CE mode B} or TDD.
Proposal 2 For SPS operation, apply the same rule as regular PDSCH/PUSCH to handle invalid subframes.
Proposal 3 Apply the same DCI updates for SPS as for regular PDSCH/PUSCH.
Proposal 4 If an M-PDCCH opportunity partially overlaps with DL SPS, DL SPS is prioritized.
Proposal 5 For HD-FDD, if an M-PDCCH opportunity overlaps with UL SPS transmission, UL SPS transmission takes priority over M-PDCCH monitoring.

Proposal 6 Reduce the UL transmission modes to Mode 1 only for both SPS and regular UL transmission.
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