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1. Introduction
At GERAN #62 a new study item was agreed to study different access stratum solutions to meet the needs for Cellular Internet of Things (CIoT) [1]. In this contribution, we discuss the benefits of introducing semi-persistent scheduling in the CIoT system. 
2. Discussions
2.1 Motivations of Semi-Persistent Scheduling

According to [2], periodic uplink reporting is expected to be common for cellular IoT applications such as smart utility (gas/water/electric) metering reports, smart agriculture, smart environment etc. In the current CIoT candidate solutions, the resource requests (e.g., via RACH) and resource allocations (e.g., via DCI or PDCCH) are normally required every time to allocate resources for one uplink report. An example of periodic data report in NB M2M is illustrated in Fig. 1. 
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Figure 1: Example of uplink data transmission procedure in NB M2M system

Generally, if the amount of data to be transmitted is large, the overhead in terms of control signalling is well motivated and relatively small. However, some services, most notably smart metering, are characterized by regularly occurring reports of relatively small payloads. It is beneficial to semi-persistently schedule the periodic uplink resource for such devices, to reduce the control signaling overhead. In addition, the RACH collision can be reduced if some devices are semi-persistently scheduled without the need of RACH transmission for every data transmission. 

An example of semi-persistently scheduled periodic data report in NB M2M system is illustrated in Fig. 2. With semi-persistent scheduling (SPS), the MS is provided with the scheduling information on the DCI or PDCCH, together with an indication that this applies to a certain periodicity (SPS interval) until further notice. If the coverage class of a semi-persistently scheduled MS is changed, the BS may re-schedule the resources in the new coverage class to continue SPS operations. Hence, the RACH transmission and related control signaling are not necessary for each transmission and thus both the RACH collision and control signaling overhead can be reduced. Consequently, the power consumption can be reduced, which hence transforms into longer battery life.
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Figure 2: Example of NB M2M uplink data transmission with SPS operations

2.2 SPS Design 
This part discusses the system design aspects which need to be considered to adopt SPS operations in the CIoT systems, and the SPS procedures are briefly described. 

1) SPS Activation

MSs can send the SPS activation request with preferred SPS interval to BS via RACH. The BS may respond by a SPS-C-RNTI to activate the SPS transmissions or C-RNTI to reject it, e.g., in NB M2M system which supports RNTI based data transfer. Alternatively, the SPS activation can be explicitly indicated in DCI or PDCCH. Once the MS has received the SPS activation response and semi-persistently scheduled resources, it is able to periodically transmit uplink data based on the configured periodicity (i.e., SPS interval). 

If the BS wants to trigger the SPS operations for a certain MS, the BS may send the SPS activation command using either RRC signaling or a special DCI or PDCCH format. This provides the MS with the necessary information for the subsequent SPS operations, e.g., SPS start time, SPS interval, and/or SPS-C-RNTI etc.

2) SPS Operation

If the SPS operation is activated for a MS, the semi-persistently scheduled resources (and transmission parameters such as MCS index) are always allocated to the initial transmission during each SPS interval, unless the MS detects a new scheduling command or has a coverage class change, as shown in Fig. 2. When a new scheduling command is detected, it takes precedence over the semi-persistent scheduling, which is useful if the semi-persistently allocated resources may need to be re-scheduled. Otherwise, the MS always follows the resource allocations of latest semi-persistent scheduling. If a MS changes to a new coverage class, the SPS resources may be re-scheduled via the DCI or PDCCH in the changed coverage class. Retransmissions can either follow the semi-persistently allocated resources or be dynamically scheduled. Similarly, when a dynamic scheduling command is detected, it takes precedence over the semi-persistent scheduling.

After initial transmission and/or re-transmission during each SPS interval, the remaining procedure is the same as the case without SPS transmission, e.g., DCI/PDCCH monitoring, entering to idle mode, and so on.

3) SPS Deactivation

To deactivate the SPS operation, the MS can send the SPS deactivation request to BS via RACH. Alternatively, the BS may send a DCI/PDCCH with SPS deactivation format to the MS.

Once the BS does not successfully decode the semi-persistently scheduled data transmission and re-transmission during a certain SPS interval, or the MS does not get acknowledgement for the semi-persistently scheduled data transmission and re-transmission, the SPS operation is implicitly deactivated. 
4) SPS Configurations

The SPS intervals can be configured in the system information. For example, there are 4 sets of SPS intervals, and each set has 8 different SPS intervals (e.g., [30 min, 1 hour, 2 hour, 4 hour, 8 hour, 12 hour, 1 day, 2 day]). The SPS interval can be approximately expressed in terms of number of superframes, or DCI/PDCCH intervals. The exact set of SPS intervals to be used in the system is indicated in the system information.
The set of SPS-C-RNTI can be pre-defined or configured in the system information.

2.3 Energy Consumption Evaluation
This part provides analysis of MS battery life that can be achieved by applying SPS operations for NB M2M solution. The results and conclusions can be applied to other candidate solutions.

1) Assumptions for NB M2M Uplink Transmission
Basically, the assumptions are the same as that described in subclasue 7.1.7.4.1 [2]. The different parts for evaluations in this document are listed below: 

1) Based on Fig. 7.1.7.4-1 [2], we assume that it takes 8 DCI intervals to finish the activity related to short packet (50 bytes) report without re-transmission (excluding synchronization and SI reading, and ready timer). In case of long packet (200 bytes) report, it takes 9 DCI intervals.
a. TX Activity: 
i.  RACH
ii.  UL Report
iii.  MAC Layer Ack

b. RX Activity: 
i.  5 DCIs (for RACH, RAR/UL Scheduling, UL Report Ack, DL Scheduling, MAC layer ACK)

ii.  DL Data (Application ACK)

iii.  RAR 

c. Idle: No TX/RX activities. 
2) During the 20 second ready timer, a total of 3 DCIs are monitored. It is assumed that the MS uses the idle (i.e., light sleep) state in the remaining period.
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Figure 3 (Figure 7.1.7.4-1 [2]): Protocol flow assumptions for NB M2M battery life analysis
2) Assumptions for NB M2M Uplink Transmission with SPS
If SPS operation is activated, it is assumed that RACH transmission and RAR reception only exist in the first time, until that SPS operation is deactivated, as shown in Fig. 4. It is assumed that 1 DCI interval can be reduced if RACH is not transmitted. 
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Figure 4: Protocol flow assumptions for NB M2M with SPS operations (from 2nd report)
3) Battery Life Evaluations
In Table 1 and Table 2, the battery life of NB M2M device with integrated PA or external PA is calculated in different scenarios. It is assumed that one SPS operation can cover the periodic reports of 20 times.
Table 1: Battery life estimates with integrated PA

	
	Battery life (years)

	Packet size, reporting interval
	Coupling loss

= 144 dB
	Coupling loss

= 154 dB
	Coupling loss

= 164 dB

	50 bytes, 2 hours
	16.4 / 17.9 (9.1% ↑)
	8.7 / 9.3 (6.9% ↑)
	2.3 / 2.6 (13% ↑)

	200 bytes, 2 hours
	14.2 / 15.3 (7.7% ↑)
	5.2 / 5.4 (3.8%↑)
	1.5 / 1.6 (6.7%↑)

	50 bytes, 1 day
	34.7 / 35.2 (1.4% ↑)
	30.0 / 30.6 (1.02%↑)
	16.6 / 17.8 (7.2%↑)

	200 bytes, 1 day
	33.7 / 34.2 (1.5% ↑)
	25.2 / 25.6 (1.6% ↑)
	12.6 / 13.3 (5.6% ↑)


Table 2: Battery life estimates with external PA

	
	Battery life (years)

	Packet size, reporting interval
	Coupling loss

= 144 dB
	Coupling loss

= 154 dB
	Coupling loss

= 164 dB

	50 bytes, 2 hours
	16.6 / 18.1 (9.0% ↑)
	9.0 / 9.6 (6.7%↑)
	2.4 / 2.7 (11.25%↑)

	200 bytes, 2 hours
	14.5 / 15.6 (7.6% ↑)
	5.5 / 5.7 (3.6%↑)
	1.6 / 1.7 (6.25%↑)

	50 bytes, 1 day
	34.8 / 35.3 (1.4% ↑)
	30.3 / 30.8 (1.7% ↑)
	17.2 / 18.4 (7.0% ↑)

	200 bytes, 1 day
	33.9 / 34.4 (1.5% ↑)
	25.7 / 26.1 (1.6% ↑)
	13.2 / 13.9 (5.3% ↑)


As expected, the battery life in all scenarios is increased by introducing the SPS operations. The gain in terms of battery life by introducing SPS operation is large for short packet report case compared to the long packet report case, since the overhead due to control signaling is large. With more frequent reporting intervals, the battery life gain is larger. In the 164dB coupling loss case with 50 bytes report per 2 hours, the battery life is increased by 13% and 11.25%, respectively for the integrated PA and external PA cases.
3. Conclusions
In this contribution, we discussed the benefit of introducing semi-persistent scheduling in the CIoT system, and we have the following observation and proposal:
Observation: It is observed that semi-persistent scheduling in the CIoT systems is beneficial in terms of reducing RACH collision and signalling overhead, and hence reducing power consumption to achieve longer battery life.
Proposal: It is proposed to include the semi-persistent scheduling in the candidate CIoT solutions.
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