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1 Introduction
In RAN #77 meeting, revised WID RP-172063 was approved [1]. One of the objectives is further latency and power consumption reduction.
Further latency and power consumption reduction

Power consumption reduction for physical channels

· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]

In RAN1 #90 meeting, the following agreements were achieved for SPS for NB-IoT [2].

· If SPS is supported in NB-IoT, at least the following physical layer aspects need to be further studied, considering the objective to reduce UE power consumption:

· DCI format(s), size(s), and purpose(s)

· Reduction of NPDCCH monitoring occasions 

· Retransmission scheme(s) for UL and DL.

· Activation/release mechanism(s)

· Issues between SPS and dynamic scheduling

· What baseline should be used to compare SPS to

In this paper, we discuss physical layer aspects need to be further studied in connected state if semi-persistent scheduling is supported for NB-IoT.

2 Considerations on SPS design in connected state
If SPS is supported for NB-IoT, new DCI format design needs to be considered for different purpose. The following two SPS applications can be considered.

· Option-1: SPS is used for scheduling multiple TBs (i.e., Single DCI schedules multiple TBs)

In this case, SPS is used for scheduling multiple TBs. New DL/UL DCI format is defined to trigger/schedule transmission of multiple TBs. Multiple TBs include first transmission and retransmission, so multiple TBs can be regarded as multiple HARQ processes. Multiple TBs scheduled by single DCI can be transmitted in succession (i.e., without transmission interval) which is beneficial for reducing latency. Alternatively, multiple TBs can be evenly transmitted by a configured interval. This new DCI format can reuse C-RNTI since such SPS application will not collide with dynamic scheduling. The search space for scheduling multiple TBs can reuse USS. As shown in Figure 1, single DCI can be used to schedule 4 TBs (note: HARQ-ACK in Figure 1 only occurs when Option-1 is use for NPDSCH scheduling).
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Figure 1 Example of single DCI scheduling multiple TBs

Similar to dynamic scheduling, the new DCI format used for scheduling multiple uplink TBs includes the following fields: ‘Subcarrier indication’, ‘Resource assignment’, ‘Scheduling delay’, ‘Modulation and coding scheme’, ‘Redundancy version’, ‘Repetition number’, ‘New data indicator’, ‘DCI subframe repetition number’. To reduce the overhead, except for ‘Scheduling delay’ and ‘New data indicator’ field, other fields are shared for multiple TBs. The DCI size of the new UL DCI format can keep the same value as that of legacy dynamic scheduling. ‘New data indicator’ field is needed for each TB to indicate first transmission or retransmission. ‘Scheduling delay’ filed is only used for indicating the location of first TB.

For downlink, the new DCI format used for scheduling multiple downlink TBs includes the following fields: ‘Scheduling delay’, ‘Resource assignment’, ‘Modulation and coding scheme’, ‘Repetition number’, ‘New data indicator’, ‘HARQ-ACK resource’, ‘DCI subframe repetition number’. The DCI size of the new DL DCI format can keep the same value as that of legacy dynamic scheduling. Further study is needed on the detailed design of the above fields.

· Option-2: Retransmission is based on SPS. 
In this case, retransmission is based on SPS. Existing DCI format can be reused to activate/deactivate SPS scheduling. In this case, retransmission is realized by SPS scheduling as shown in Figure 2. 
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Figure 2 Example of automatic retransmission
For uplink, the unused state in ‘Subcarrier indication’ and ‘Modulation and coding scheme’ fields can be used to indicate SPS activate/de-activate. Currently, no explicit HARQ-ACK feedback is defined for NPUSCH transmission. To support retransmission based on SPS, explicit HARQ-ACK feedback is required. The explicit HARQ-ACK feedback can be based on compact DCI (e.g., only carry one bit). When the UE receives NACK, NPUSCH retransmission will be sent after a fixed delay after receiving HARQ-ACK feedback. When the UE receives ACK, SPS resources will be released. For downlink, the unused state in ‘Modulation and coding scheme’ fields can be used to indicate SPS activate/de-activate. The UE can send HARQ-ACK feedback thorough NPUSCH format 2. When the eNB receives NACK, NPDSCH retransmission will be sent after a fixed delay after receiving HARQ-ACK feedback. When the eNB receives ACK, SPS resources will be released.
Proposal 1: If SPS is supported, the following two applications can be considered:

· Multiple TBs are scheduled by single DL/UL DCI.

· Retransmission is based on SPS by reusing legacy DCI format N0/N1.
3 Conclusions

In this contribution, we have the physical layer aspects need to be further studied in connected state on SPS for NB-IoT. We have the following observations and proposal: 

Proposal 1: If SPS is supported, the following two applications can be considered:

· Multiple TBs are scheduled by single DL/UL DCI.

· Retransmission is based on SPS by reusing legacy DCI format N0/N1.
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