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1 Introduction

The WID of further NB-IoT enhancements was approved in RAN#75[1] and reviewed in RAN#76[2], RAN#77[3]. In which, the following objective is included:

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]
During RAN2 #99meeting, several SPS solutions were proposed as follows:

1. SPS for UE in Idle/PSM mode[4][5];

2. SPS for UE in RRC_CONNECTED mode[6][7][8];

3. SPS for SC-MTCH and SC-MCCH[7];
In this paper, we will further discuss the use cases for SPS and the related solutions and give our proposals.

2 Considerations on SPS in NB-IoT
2.1 SPS for UE in Idle/PSM mode
For SPS for UE in Idle/PSM mode, we think only geostationary UEs with fixed communication pattern, e.g gas or water metering type UE, which sends a small data report per hour or with a large fixed time interval, may be possible use case. But the use case is very limited and the data volume is little. And we think the early data transmission scheme can already be feasible for this use case and can bring enough benefit.
Observation 1: The use case for SPS for UE in Idle/PSM mode is very limited and the data volume is little, and the use case can be deal with perfectly with the early data transmission scheme.
For SPS in Idle/PSM mode, if PDCCH/PUSCH/PDSCH resources are semi-persistent configured, there are lots of problems as follows:

Because there is no PRACH procedure to acquire timing synchronization between UE and eNB for this SPS scenario, the TA should be kept the same all over the SPS lifetime in Idle/PSM mode. Whether TA can be kept the same over long time (e.g., many hours) should be evaluated by RAN4. But at least we worry that during many hours, the following factors may probably influence the TA value:

· The crystal oscillator shift of UE, which may be different for different UE. With long period time, the shift error accumulation may be too large to transmit UL data. 
· Radio conditions change (e.g. an obstacle or shadowing is coming or leaving) may cause the TA fluctuating even if the UE is geostationary.
· The geostationary UE may also change the position for human element.

· Various IoT scenarios and applications may lead the UE geostationary information not reliable (it’s hard to decide whether the UE is really geostationary).
Observation 2: It’s very difficult to guarantee that timing synchronization (TA) is kept the same over many hours for SPS in idle mode.
If the radio resource (e.g. SPS-RNTI etc) is occupied by the SPS UE over all the SPS lifetime in Idle/PSM mode, the waste of radio resource and impact on network capacity may be serious. If the radio resource can be released during the SPS interval, the SPS active duration should be configured large enough for retransmission. But it’s very difficult to predict how long time duration is “large enough” with the consideration that the retransmission may happen but how many times of retransmission cannot be predicted. If too long SPS active duration is configured, radio resource will be wasted If too short SPS active duration is configured, retransmission may not be completed successfully before the resource is reallocated to other UEs, which leads resource conflict. 
Observation 3: It’s difficult to deal with the waste of radio resource and resource conflict if SPS active duration in idle mode is configured.
If SPS resource is released dynamically based on the completion of data transmission, SPS resource management for UEs over many hours will be difficult because:

1. It’s difficult to predict when the SPS resource is released, which leads the SPS resource allocation for other UE very difficult.

2. To arrange the SPS radio resource for future many hours, the future traffic modeling of the cell for many hours should be predicted, which is difficult for traffic modeling may change and radio condition also may change. 
Observation 4: It’s difficult to arrange the SPS radio resource in idle mode if SPS resource in idle mode can be dynamically released.
If SPS resource is reserved for Idle/PSM mode UEs over long period, resource fragmentation may be serious. Then it may be difficult for the eNB to find enough continuous resources for scheduling the legacy UE, especially when the legacy UE is in the worse coverage and large number of transmission is needed.
Observation 5: SPS for Idle/PSM has mode impacts on the legacy UE scheduling.
During RAN2#99, the early data transmission (EDT) is discussed and the following agreements have been approved:

	Agreements:

· We intend to support early UL data transmission in Msg3 for control plane and user plane CIoT EPS optimisation.

· We intend to support early DL data transmission in Msg4 for control plane and user plane CIoT EPS optimisation.

· Early data transmission feature is considered when AS security was not established for only transmitting data using CP.

· Early data transmission feature is considered when AS security was established for transmitting data using CP and/or UP.


Based on which, UE can transmit data in Msg3 and receive data in Msg4 with EDT mechanism, and small data transmission can be performed without RRC connection setup. The contrast between EDT and SPS in idle/PSM mode is as follows:

	
	Preamble procedure
	TA kept requirement
	Radio resource reserved
	Radio resource arrangement for many hours
	Impacts on the legacy UE scheduling

	SPS in Idle
	No
	Yes
	Yes
	Yes
	Yes

	EDT
	Yes
	No
	No
	No
	No


Observation 6: The advantage of SPS in idle mode over EDT is that preamble procedure (Msg1 and Msg2) are not needed in SPS in idle mode, but the disadvantage and limitations of SPS in idle mode over EDT are more.
Proposal 1: SPS for UE in Idle/PSM mode is not supported and the small data transmission with long time interval can use the EDT scheme. 
2.2 SPS for UE in RRC_CONNECTED mode

In legacy LTE, the overhead of dynamic scheduling is relatively high. SPS is used to carry VoIP service, which is characterized by periodic and relatively small payloads, to reduce the overhead of dynamic scheduling. With SPS, the PDSCH and PUSCH resources are allocated when SPS is activated. This will reduce the PDCCH overhead for the services with fixed periodicity. But when the SPS is activated, the PDCCH monitoring mechanism for an UE is still as same as the dynamic scheduling. There is no power reduction on UE side in LTE. Hence, fully reusing the legacy SPS mechanism in NB-IoT cannot reduce the UE’s power consumption. 
Observation 7: Reusing the legacy SPS mechanism in RRC_CONNECTED mode cannot reduce the UE’s power consumption in NB-IoT.
To achieve UE power saving, reducing NPDCCH monitoring opportunities seems a straightforward solution. For example, eNB can configure larger NPDCCH search space period. However, when SPS is activated, the re-transmission of NPDSCH/NPUSCH still needs dynamic scheduling. If NPDCCH monitoring opportunities are reduced, at least for the retransmission of NPDSCH and NPUSCH, the available opportunities would be reduced. Then the retransmission of NPDSCH and NPUSCH would be seriously blocked. The UE’s power consumption may be increased due to prolonged data transmission time and NPDCCH monitoring time. Thus, benefit of reducing the NPDCCH monitoring opportunities needs further evaluation.  
Observation 8: If the NPDCCH monitoring opportunities are reduced for SPS in RRC_CONNECTED mode, the retransmission of NPDSCH and NPUSCH would be blocked and the data transmission time may be prolonged.
When SPS is activated, resources should be reserved for NPDSCH/NPUSCH transmission. In NB-IoT, the transmission duration of a TB may be very large especially for extreme coverage case. In this case, collision between SPS and dynamic scheduling would be more serious than legacy LTE.
Observation 9: If SPS in RRC_CONNECTED mode is supported in NB-IoT, collision issue between SPS and dynamic scheduling would be more serious than legacy LTE.
Proposal 2: Whether to support SPS for UE in RRC_CONNECTED mode needs further study.
2.3 SPS for SC-MTCH and SC-MCCH
For the SC-MTCH and SC-MCCH resource can only be dynamically scheduled for Rel-14 UEs. Taken into account the compatibility for legacy Rel-14 UEs, the PDCCH load for SC-MTCH and SC-MCCH cannot be reduced. 
Observation 10: Taken into account the compatibility for legacy Rel-14 UEs, the PDCCH load for SC-MTCH and SC-MCCH cannot be reduced with SPS for SC-MTCH and SC-MCCH. 
If SPS for SC-MTCH and SC-MCCH is introduced, PDCCH monitoring can be saved for legacy Rel-15 UEs. But the SC-MTCH and SC-MCCH resource scheduling for Rel-14 UEs should consider the SC-MTCH and SC-MCCH SPS position for Rel-15 UEs, and the SC-MTCH and SC-MCCH SPS configuration should also consider the PDCCH scheduling occasion for Rel-14 UEs. The flexibility will also be limited for SC-MTCH and SC-MCCH resource dynamically scheduling for Rel-14 UEs, the flexibility will be limited both for the SC-MTCH and SC-MCCH SPS resource configuration.
Observation 11: SPS for SC-MTCH and SC-MCCH can only reduce the PDCCH monitoring for Rel-15 UEs, but limits the SC-MTCH and SC-MCCH resource scheduling flexibility.
Proposal 3: SPS for SC-MTCH and SC-MCCH is not supported.
3 Conclusions

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1: The use case for SPS for UE in Idle/PSM mode is very limited and the data volume is little, and the use case can be deal with perfectly with the early data transmission scheme.
Observation 2: It’s very difficult to guarantee that timing synchronization (TA) is kept the same over many hours for SPS in idle mode.
Observation 3: It’s difficult to deal with the waste of radio resource and resource conflict if SPS active duration in idle mode is configured.
Observation 4: It’s difficult to arrange the SPS radio resource in idle mode if SPS resource in idle mode can be dynamically released.
Observation 5: SPS for Idle/PSM has mode impacts on the legacy UE scheduling.
Observation 6: The advantage of SPS in idle mode over EDT is that preamble procedure (Msg1 and Msg2) are not needed in SPS in idle mode, but the disadvantage and limitations of SPS in idle mode over EDT are more.
Observation 7: Reusing the legacy SPS mechanism in RRC_CONNECTED mode cannot reduce the UE’s power consumption in NB-IoT.
Observation 8: If the NPDCCH monitoring opportunities are reduced for SPS in RRC_CONNECTED mode, the retransmission of NPDSCH and NPUSCH would be blocked and the data transmission time may be prolonged.
Observation 9: If SPS in RRC_CONNECTED mode is supported in NB-IoT, collision issue between SPS and dynamic scheduling would be more serious than legacy LTE.
Observation 10: Taken into account the compatibility for legacy Rel-14 UEs, the PDCCH load for SC-MTCH and SC-MCCH cannot be reduced with SPS for SC-MTCH and SC-MCCH.
Observation 11: SPS for SC-MTCH and SC-MCCH can only reduce the PDCCH monitoring for Rel-15 UEs, but limits the SC-MTCH and SC-MCCH resource scheduling flexibility.
Proposal 1: SPS for UE in Idle/PSM mode is not supported and the small data transmission with long time interval can use the EDT scheme.
Proposal 2: Whether to support SPS for UE in RRC_CONNECTED mode needs further study.
Proposal 3: SPS for SC-MTCH and SC-MCCH is not supported.
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