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1 Introduction

At RAN #75bis meeting, a new work item (WI) on further NB-IoT enhancements (feNB-IoT) was approved. One objective of the WI is to reduce power consumption for physical channels [1]: 
· Power consumption reduction for physical channels
· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1,  RAN2,  RAN4]

· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]
In this contribution, we focus on the support of UL/DL semi-persistent scheduling (SPS) for feNB-IoT. We first share our views on the benefits of the support of SPS for NPDSCH/NPUSCH, and then provide some mechanisms to further reduce UE power consumption when SPS is activated. Moreover, the design aspects such as configuration of SPS, activation/deactivation of SPS, HARQ-ACK process and retransmissions are also discussed. 
2 On the benefits of support of SPS for feNB-IoT
In LTE, SPS is used to reduce PDCCH overhead for services with periodic traffic pattern and semi-static size, e.g. voice over IP. Similarly, the support of SPS in feNB-IoT can reduce the NPDCCH overhead. Given that the NPDCCH may require large number of repetitions for coverage enhancement, the benefits on DL overhead reduction by supporting SPS would be more significant in feNB-IoT, especially for UEs in deep coverage. 
Note that SPS is not supported in idle mode in LTE. However, in SC-PTM, the transport block size and target coverage can be quite static, which motivates the use case of SPS for such services. This leads to the conclusion that it is beneficial to support SPS for both RRC connected mode and SC-MTCH in RRC idle mode. 

Regarding the UE power consumption aspect, if the SPS in feNB-IoT follows LTE design, where UEs need to keep monitoring all search spaces when SPS is activated, there is no gain on UE power saving by supporting SPS. On the other hand, as discussed in the following section, some extensions can be introduced for the SPS mechanism in feNB-IoT to further reduce the UE power consumption. Considering the benefits of DL overhead reduction and the potential UE power saving gain with some extensions on the SPS mechanism, it is preferred to support SPS for both DL and UL in feNB-IoT. 
Proposal 1

· Support SPS for both DL and UL in feNB-IoT.

· Support SPS for both RRC connected mode and SC-MTCH in RRC idle mode. 

· Consider introduction of mechanisms for SPS in feNB-IoT to reduce UE power consumption. 

3 Further optimizations for SPS to reduce UE power consumption
To reduce the UE power consumption when SPS is activated, it is desirable to reduce the number of NPDCCH blind decoding attempts.
For UEs configured with DRX, as elaborated in our companion contribution [2], wake-up signal (WUS) can be used to reduce the number of NPDCCH blind decoding attempts and thus brings the UE power saving gain.
On the other hand, for UEs only configured with SPS but not DRX, the WUS can still be used when SPS is activated. Different WUSs can be adopted to differentiate WUS for SPS and WUS for DRX if needed, e.g. by applying different scrambling sequences. WUS can be transmitted prior to all NPDCCH search spaces. Only when WUS is received, UE will continue the NPDCCH blind decoding. This approach is beneficial for UE power saving, due to that fact that the WUS is to be designed as a signal/channel requiring much lower detection complexity than NPDCCH blind decoding. 
In addition, the required number of NPDCCH monitoring instances can be reduced, by limiting the NPDCCH monitoring instances to certain durations when SPS is activated. In other words, the NPDCCH for dynamic scheduling would be transmitted only in certain configured durations. For example, the NPDCCH monitoring instances can be configured periodically with an offset with respect to the start of SPS intervals. On top of it, WUS can be used to further reduce UE power consumption. Specifically, the WUS monitoring occasions are aligned with the configured periodic NPDCCH monitoring instances, and only when UE receives the WUS, the NPDCCH blind decoding will be performed for the NPDCCH search spaces in the following configured NPDCCH monitoring instance. 

Moreover, note that in Rel-14 SPS enhancements, UE is allowed to skip PUSCH transmission scheduled by SPS if there is no available UL data. Following this design, for a UE configured with SPS for NPUSCH, NPUSCH transmission can be skipped if the UE has no UL data to transmit. This can further reduce the UE power consumption, by avoiding unnecessary UL transmissions. 
Proposal 2
· Reduce the number of NPDCCH blind decoding attempts when SPS is activated, for UE power consumption reduction:

· Consider WUS based mechanism for UE power saving when SPS is activated. 

· UE skips the NPUSCH transmission scheduled by SPS if it has no UL data to transmit. 

4 Design of SPS

In this section, we share our views on the design of SPS for feNB-IoT, including the configuration, activation/deactivation, HARQ-ACK process, retransmissions and collision handling of SPS. 
4.1 SPS Configuration 

The support of SPS should be based on UE capability. After UE signals its capability on the support of SPS, eNB can indicate the configuration of SPS via RRC signaling. 
Since SPS is supported in eMTC, it is preferred to reuse as many designs from eMTC SPS as possible. The activation and deactivation of SPS can follow the eMTC design, where DCI scrambled by SPS-C-RNTI is used. For SPS configuration, similar to eMTC design, the parameters such as SPS-C-RNTI, SPS interval and number of SPS processes (if multiple SPS processes are supported) can be indicated by RRC signaling, while the number of repetitions for NPDSCH/NPUSCH, resource allocation and MCS are indicated by the SPS activation DCI. In addition, the resource allocation of HARQ-ACK feedback for NPDSCH scheduled by SPS can be indicated by SPS activation DCI, following the same indication method as in the dynamic scheduling. 
Proposal 3

· UE signals its capability on the support of SPS.

· eNB configures DL/UL SPS for UEs indicating its capability. 
4.2 Design of SPS activation/deactivation DCI

The design of DCI for SPS activation and deactivation can use the existing DCI formats as the baseline, where DCI format N0 can be considered for UL SPS and DCI format N1 can be considered for DL SPS. Similar to eMTC design, certain files in the DCI can be set to default values for further validation besides the CRC bits. The reserved fields for SPS activation DCI can include the HARQ process number (if 2 HARQ processes are support for the UE) and RV, while the reserved fields for SPS deactivation DCI can include the scheduling delay, resource allocation fields, MCS, RV, repetition number, and HARQ process number (if 2 HARQ processes are support for the UE). 
Proposal 4
· SPS activation/deactivation uses DCI scrambled by SPS-C-RNTI. 
· Existing DCI formats in NB-IoT are used as baseline for the SPS activation/deactivation DCI. 
· Certain fields are used as validation bits by setting to some default values. 
4.3 HARQ-ACK process and retransmission
In the case where multiple HARQ processes are configured for SPS, the HARQ process ID can be determined as in LTE SPS, which depends on the subframe index and SPS interval. It is up to eNB configuration to ensure the SPS interval is large enough to avoid collisions between two consecutive NPDSCH/NPUSCH transmissions, which may have repetitions for coverage enhancement.  

Regarding the HARQ-ACK feedback resources for NPDSCH scheduled by SPS, as discussed, it can be indicated by the SPS activation DCI. The HARQ-ACK feedbacks for all configured DL SPS HARQ processes would adopt the same resource allocation indicated by the SPS activation DCI, using offsets with respect to a baseline subcarrier in the frequency domain and with respect to the end of corresponding NPDSCH in time domain. The configuration of SPS, specifically the SPS interval, needs to take into account the transmission of HARQ-ACK feedback. For example, the SPS interval should be large enough to leave enough time between two NPDSCH SPS intervals for HARQ-ACK feedback transmission. 

For the retransmission of NPDSCH/NPUSCH whose initial transmission is scheduled by SPS, similar to LTE SPS, the retransmission is dynamically scheduled via NPDCCH. When the mechanism putting constraints on NPDCCH monitoring occasions is adopted for UE power saving, it is up to eNB configuration to support sufficient NPDCCH monitoring occasions for scheduling retransmissions. 

In summary, the configuration of SPS should take into account the number of repetitions used by NPDSCH/NPUSCH, the HARQ-ACK feedback transmissions, and the NPDCCH to schedule the retransmissions of SPS NPDSCH/NPUSCH. 
Proposal 5
· If multiple HARQ processes are configured for SPS, the HARQ process ID determination follows LTE SPS, which depends on the subframe index and SPS interval. 
· HARQ-ACK feedback resource allocation is indicated by SPS activation DCI, where the resource allocation indication follows NB-IoT design.

· Retransmission of NPDSCH/NPUSCH whose initial transmission is scheduled by SPS is dynamically scheduled by NPDCCH. 
· The configuration of SPS should take into account the number of repetitions for NPDSCH/NPUSCH, the HARQ-ACK feedback transmission, and the NPDCCH transmission opportunities for scheduling retransmissions. 
4.4 Collision handling

The collision handling can be based on the eMTC design. Specifically, in case of collision between dynamically scheduled NPDSCH/NPUSCH and SPS NPDSCH/NPUSCH, all remaining repetitions of SPS NPDSCH/NPUSCH are dropped. Other collisions are handled in the same way as for dynamically scheduled NPDSCH/NPUSCH.
Proposal 6

· In case of collision between dynamically scheduled NPDSCH/NPUSCH and SPS NPDSCH/NPUSCH, the remaining repetitions of SPS NPDSCH/NPUSCH are dropped.

· Other collisions are handled in the same way as for dynamically scheduled NPDSCH/NPUSCH.

5 Conclusion

In this contribution, we discuss the support of SPS for feNB-IoT. Based on the discussions and studies, we make the following proposals:

Proposal 1

· Support SPS for both DL and UL in feNB-IoT.

· Support SPS for both RRC connected mode and SC-MTCH in RRC idle mode. 

· Consider introduction of mechanisms for SPS in feNB-IoT to reduce UE power consumption. 

Proposal 2

· Reduce the number of NPDCCH blind decoding attempts when SPS is activated, for UE power consumption reduction:

· Consider WUS based mechanism for UE power saving when SPS is activated. 

· UE skips the NPUSCH transmission scheduled by SPS if it has no UL data to transmit. 

Proposal 3

· UE signals its capability on the support of SPS.

· eNB configures DL/UL SPS for UEs indicating its capability. 
Proposal 4

· SPS activation/deactivation uses DCI scrambled by SPS-C-RNTI. 
· Existing DCI formats in NB-IoT are used as baseline for the SPS activation/deactivation DCI. 

· Certain fields are used as validation bits by setting to some default values. 
Proposal 5

· If multiple HARQ processes are configured for SPS, the HARQ process ID determination follows LTE SPS, which depends on the subframe index and SPS interval. 

· HARQ-ACK feedback resource allocation is indicated by SPS activation DCI, where the resource allocation indication follows NB-IoT design.

· Retransmission of NPDSCH/NPUSCH whose initial transmission is scheduled by SPS is dynamically scheduled by NPDCCH. 

· The configuration of SPS should take into account the number of repetitions for NPDSCH/NPUSCH, the HARQ-ACK feedback transmission, and the NPDCCH transmission opportunities for scheduling retransmissions. 
Proposal 6

· In case of collision between dynamically scheduled NPDSCH/NPUSCH and SPS NPDSCH/NPUSCH, the remaining repetitions of SPS NPDSCH/NPUSCH are dropped.

· Other collisions are handled in the same way as for dynamically scheduled NPDSCH/NPUSCH.
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