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1. Introduction
At RAN #75 meeting, a new work item (WI) on further NB-IoT enhancements (feNB-IoT) was approved. The objective to reduce power consumption for physical channels is proposed [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]
The design of SPS in feNB-IoT has been studied and following agreements were achieved in the last RAN1 meeting [2].
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This is a re-submission of R1-1718173. In this contribution, we will share our consideration on the support of UL/DL semi-persistent scheduling (SPS) for feNB-IoT. The specific design of activation/deactivation mechanism would be discussed.

2. Introduce SPS in feNB-IoT
In this section, we’d analyze the benefits of introducing SPS in feNB-IoT.

In LTE, SPS is introduced to reduce PDCCH overhead for periodic services with small packet size, e.g. voice over IP. Similarly, the support of SPS in feNB-IoT can also reduce the signaling overhead of NPDCCH. For the periodical small packet size transmission cases in NB-IoT such as billboard update, UE sensing or VoIP (if supported in NB-IoT) which doesn’t require the fast link adaptation could benefit mostly from adopting SPS. Considering the packet size and the channel status is relatively stable and the MCS and resource allocation can be pre-scheduled in SPS activation, additional transmission of NPDCCH could eliminated. For the other use cases, such as software updating, the payload size is up to 16000bits. Considering the limited TBS for NB-IoT users, it requires multiple transport blocks to deliver the packet, e.g. 16 transmission blocks for 16000bits packet sizewith the TBS of 1000 bits. It requires 16 times NPDCCH transmission that contains similar scheduling information if reusing the dynamic scheduling procedures. By adopting SPS, 15 times NPDCCH scheduling could be reduced. Moreover, 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. Based on the analysis, the SPS in feNB-IoT is beneficial for the reduction of signaling overhead. 
Besides, the processing time for UEs would also be reduced. UEs don’t need to wait for the NPDCCH before receiving NPDSCH or transmitting the NPUSCH, then the repetition time of NPDCCH and scheduling delay between NPDCCH and NPDSCH/NPUSCH would be skipped. Thus, the latency at UE could be reduced.

As for the UE power consumption aspect, directly reusing legacy SPS design in LTE might not be beneficial for UE power reduction as UE should monitor the scheduling information as well. However, some new mechanisms could be introduced so that SPS in feNB-IoT can also reduce power consumption at UE side. As an example, the scheduling DCI for SPS can be transmitted in dedicated search space other than the search space for dynamic scheduling. In the SPS period, there exist DCIs that the UE does not need to blind detect. Then, the UE power consumption would be reduced by limiting the blind detection attempts.
As analyzed, signaling overhead reduction, latency reduction and UE power saving issues can be considered as the motivations for SPS support in feNB-IoT.
Observation 1: SPS is beneficial to reduce the signaling overhead, latency, UE power consumption
Proposal 1: SPS should be introduced in feNB-IoT
3. Design of SPS feNB-IoT
LTE SPS procedures should be considered as starting point to support the SPS in feNB-IoT. Take the DL LTE SPS procedures as an example shown in Fig. 1, the whole procedures in LTE SPS includes the SPS configuration, SPS activation/deactivation, HARQ-ACK feedback, retransmission. In this contribution, we’d analyze the configuration and activation/deactivation mechanism for SPS in feNB-IoT.
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Figure 1. DL SPS procedures 
For the configuration in LTE, many parameters related to SPS are configured via RRC signaling. To be specifically, it includes the SPS C-RNTI, scheduling interval, number of SPS process, PUCCH resource configuration for DL SPS. As for UL, it consists of SPS C-RNTI, scheduling interval, transmission times of implicit release, power control and two interval configurations for TDD. For the SPS configuration in feNB-IoT, the parameters such as SPS C-RNTI, SPS periodicity can be configured by RRC signaling similar to the design in LTE. However, further study about the detailed configured parameters is needed e.g. whether support for two HARQ processes, whether support the implicit release of UL.
Proposal 2: SPS configuration parameters in feNB-IoT such as SPS C-RNTI, SPS periodicity can be configured via RRC signaling
· FFS on the other configuration parameters
As for the SPS activation and deactivation mechanism, the design principle in LTE could be reused. In LTE, SPS activation/deactivation is indicated by DCI scrambled with SPS C-RNTI. And the most significant bit(MSB) in 5bits MCS field is used to distinguish the SPS activation/deactivation. Certain DCI fields are set to be specific values, e.g. for UL SPS, the TPC command for scheduled PUSCH, cyclic shift DMRS are set to all “0” in SPS activation, and resource block assignment, MCS set to all “1” in SPS deactivation. Only by checking all the DCI fields as above rules, can it be regarded as a SPS activation/deactivation DCI.
In feNB-IoT, existing DCI format N0/N1 scrambled with SPS C-RNTI could be used for UL/DL SPS activation/deactivation. For the sake of no signaling overhead increase, the redundant bit and redundant status could be used to distinguish the SPS activation and deactivation. For example, in DCI format N1, there is 1bit NPDCCH order indicator for non-contention based RACH. However, there is no need to indicate the RACH related information in SPS. Thus, this 1bit redundant field could be used to distinguish the SPS activation/deactivation e.g. “0” for DL SPS activation, “1” for DL SPS deactivation. Besides, in both DCI format N0/N1, the 4 bits MCS field indicates the MCS status that less than 16. Take DCI format N0 as an example, there are only 11 MCS status that are used for the indication of data transmission, the last 5 status could be used to distinguish the SPS activation/deactivation. That’s to say, the MCS filed ranges from “0000~1010” in SPS activation, and one of the status “1011~1111” e.g. “1111” could be used in SPS deactivation.
Besides, certain fields in the SPS activation/deactivation DCI can be set to default values for further validation after CRC checking. For example, set default value NDI=0 for both SPS activation/deactivation to distinguish between the SPS rescheduling or SPS activation/deactivation. And the resource assignment, MCS, repetition number fields can be set as default value all “1”s for SPS deactivation. 
Based on above analysis, the specific SPS activation/deactivation DCI design could follow the same principle in LTE with new interpretation or optimization of current DCI format N0/N1.
Proposal 3: SPS activation/deactivation is indicated by DCI scrambled by SPS C-RNTI. 
· Reuse existing DCI formats in feNB-IoT for the SPS activation/deactivation. 
· Utilize redundant bit or redundant status to distinguish the SPS activation/deactivation
· Certain fields can be set as default value for further validation.
4. Conclusion
In this contribution, we analyzed and shared our consideration on the support of UL/DL semi-persistent scheduling (SPS) for feNB-IoT.
Observation 1: SPS is beneficial to reduce the signaling overhead, latency, UE power consumption
Proposal 1: SPS should be introduced in feNB-IoT
Proposal 2: SPS configuration parameters in feNB-IoT such as SPS C-RNTI, SPS periodicity can be configured via RRC signaling
· FFS on the other configuration parameters
Proposal 3: SPS activation/deactivation is indicated by DCI scrambled by SPS C-RNTI. 
· Reuse existing DCI formats in feNB-IoT for the SPS activation/deactivation DCI. 
· Use redundant bit or redundant status to distinguish the SPS activation/deactivation
· Certain fields can be set as default value for further validation.
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Agreements: 


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
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