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The WID of further NB IoT enhancements was approved in RAN#75 [1], and further latency and power consumption reduction is listed as one set of objectives of the work item as follows:
Further latency and power consumption reduction
· 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]
UL/DL semi-persistent scheduling needs to be studied and introduced in Rel-15 NB-IoT if found beneficial. In this contribution, initial analysis is provided on supporting semi-persistent scheduling in NB-IoT and some open issues are raised which should be resolved and justified for RAN1 to make a decision on whether to support UL/DL SPS in NB IoT.
Semi-Persistent Scheduling in LTE
In LTE, the basis for uplink and downlink scheduling is dynamic scheduling with a new scheduling decision taken in each subframe. It allows for full flexibility in terms of the resources and can handle large variations in the amount of data at the cost of the scheduling decision being sent on a PDCCH in each subframe. In some cases e.g. voice over IP, characterized by periodic and relatively small payloads, the overhead of dynamic scheduling is relatively high. To reduce the control signaling overhead for those services, LTE provides SPS in addition to dynamic scheduling.
However, SPS scheduling in LTE still keeps the flexibility and dynamic scheduling and from UE perspective, all the search spaces are monitored as in Fig. 1. The total number of blind detections for PDCCH is not reduced at all when the SPS is activated. Hence, there is no power reduction on UE side when the SPS is activated in LTE, as the purpose is primarily latency reduction. Hence, fully reusing LTE SPS mechanism cannot reduce the UE power consumption and hence cannot achieve the objective of the WID. To achieve the objective of UE power reduction, SPS scheduling should be modified somehow.
[image: ]
Fig. 1 Semi-Persistent Scheduling in LTE
Observation 1: There is no power consumption reduction for a UE when SPS is activated in LTE.
Observation 2: LTE SPS mechanism cannot on its own achieve the power saving objective of the NB-IoT WID.
Discussion on Semi-Persistent Scheduling in NB IoT
Based on the discussion in section 2, the SPS mechanism in LTE does not fit the target of power reduction as stated in the WID. To have power savings, some reduction on search space/DCIs to be monitored should be introduced based on LTE SPS framework. As shown in Fig. 2, a straightforward way is to directly reduce the detection of some DCIs that UE has to blind detect during the SPS period. 
In the following sections, we discuss the potential solution with power reduction for a traffic with ACK/NACK feedback and some other traffic which does not need ACK/NACK feedback.
1.1 SPS with feedback
[image: ]
Fig. 2 SPS with reduced search space monitoring
If the traffic needs physical layer ACK/NACK feedback, the SPS scheduling with reduced DCI monitoring still exists some problems that need to be solved.
a) Re-transmission issue
In LTE, re-transmission can be scheduled dynamically in any subframe of the SPS period because the UE monitors all the search spaces as in Fig 3. But if the reduced monitoring of search spaces is considered in NB-IoT SPS as shown in Fig. 2 for power reduction, then it should be resolved how to support the retransmission of a TB that is initially transmitted in the SPS resources.
[bookmark: _GoBack][image: ]
Fig. 3 Re-transmission in LTE SPS framework
b) ACK/NACK resource allocation issue
In current Rel-14 NB IoT, the ACK/NACK transmission resources on NPUSCH format 2 are dynamically allocated by the DCI scheduling the associated NPDSCH. However, in the optimized SPS shown in Fig. 2, there exist DCIs that the UE does not need to blind detect (as shown in gray color blocks). In this case, there is no resource allocation for ACK/NACK transmission as the scheduling DL grant DCI is not transmitted nor monitored at all. A new mechanism other than that in Rel-13/Rel-14 may need to be introduced to allocate/indicate the resources for ACK/NACK transmission.
Proposal 1: Besides showing the benefit from power reduction perspective, at least the open issues on how ACK/NACK resources should be allocated, and the problem of re-transmission should be resolved for RAN1 to make a decision to support UL/DL SPS in NB IoT.
Another method to reduce UE power consumption is that a single DCI carried by NPDCCH schedules multiple NPDSCHs. Its overhead in terms of control signaling on the NPDCCH is relatively small compared to the payload on all the NPDSCHs scheduled by single DCI. In this case, bundled ACK/NACK may also be transmitted to confirm the multiple NPDSCH receiving status. If one of these NPDSCHs is received incorrectly, it will also trigger retransmission for the whole bundle. This is actually some new solution for multiple HARQ transmission. Considering the HARQ buffer size is limited in NB-IoT, the amount by which the monitoring for DCIs can be reduced is limited and this may introduce diverse solutions for multiple HARQ support, and have significant standards impact. It is also worth noting that proposals such as this were seen in Rel-14 NB-IoT primarily for SC-PTM, where the justification was in part that the multi-user nature of the transmission meant little opportunity or information to adapt MCS/TBS etc. during the transmission of a higher-layer packet, but this does not easily apply to the unicast case considered in Rel-15 where at least outer-loop ACK/NACK feedback is available.
1.2 SPS without feedback
The previous analysis is all based on the feedback mechanism considering the normal services in Rel-13 and Rel-14 NB IoT. It can be observed that if HARQ-ACK feedback based HARQ transmission is needed, it seems difficult to reduce the monitoring of search spaces in a SPS period.
However, on the other hand, there would be some scenarios where the data is periodically transmitted, and does not need to have HARQ-ACK feedback. E.g. in some monitoring service, the uplink reports may need to be sent periodically and the reports do not need HARQ ACK/NACK, e.g. some latency sensitive service. In this case, the SPS without feedback can also be considered especially in the uplink direction.
Proposal 2: SPS mechanism without feedback can be further considered in Rel-15 NB IoT.

In addition, UL SPS can reduce the RACH signaling overhead, RACH collision and UE power consumption, since at present when periodic UL reporting data arrives (e.g. gas/water/electric metering reports) and no UL-SCH resources are available, UE has to initiate a random access procedure to request UL-SCH resources every time.

Conclusion
This contribution analyses the motivation and benefit of SPS in LTE and gives some open issues that need to be considered before making a decision to support the SPS in NB IoT.
Observation 1: There is no power consumption reduction for a UE when SPS is activated in LTE.
Observation 2: LTE SPS mechanism cannot on its own achieve the power saving objective of the NB-IoT WID.
Proposal 1: Besides showing the benefit from power reduction perspective, at least the open issues on how ACK/NACK resources should be allocated, and the problem of re-transmission should be resolved for RAN1 to make a decision to support UL/DL SPS in NB IoT.
Proposal 2: SPS mechanism without feedback can be further considered in Rel-15 NB IoT.
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