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1. Introduction

In RAN#69 meeting, NarrowBand Internet of Things (NB-IoT) was approved as a new work item based on 3GPP TR 45.820 [1]. Its objective is to specify a radio access for cellular IoT that addresses several aspects including support for massive number of low throughput devices with the low power consumption so that they can have up to ten years battery life with battery capacity of 5 Wh (Watt-hours), even in bad coverage conditions.
In this contribution, we discuss issues related to DCI indicator for UE power saving for NB-IoT
2. PDCCH message indication structure
One of the main objectives of NB-IoT is to support low power consumption and extremely long battery life. Though enhanced DRX is supported, if the behavior of LTE is kept, a UE is supposed to monitor downlink control channel when it is not in DRX mode. When a UE wakes up from DRX, if it has any uplink traffic to transmit, it may need to monitor downlink control channel for UL grant. In this case, as mentioned by our companion contribution [2], pre-grant based PUSCH transmission can be considered to minimize UE power consumption to acquire UL grant and also reduce the latency. When a UE needs to receive network commands, it also needs to monitor control channel for downlink data scheduling. According to the TR [1], it is expected that about 20% of traffic is network commands with some distribution of inter-arrival time. Generally, inter-arrival time of network commands is large such as 1 hour, and a UE will be mostly in RRC_IDLE states if there is no on-going other traffic such as MAR reports. Thus, to receive a network command, a UE may need to switch from RRC_IDLE by paging. When a UE is paged, it will attempt to be connected via initiating RACH procedure. According to TR[1], 50% of network commands does not require any response from a UE. Thus, making a cell association/connection to only receive a network command may be too much overhead from the power consumption as well as the network overhead perspective. Thus, it is not clear whether paging mechanism is power efficient way to transmitting network commands.
During the study, Paging Indication (PI) has been proposed to address this issue captured under NB-CIoT solution [1]. PI is included in PBCH, according to [3]. UEs read the PI value of primary system information in PBCH, and decide whether the UEs need to read PDCCH. Though it is unclear whether PDCCH message indicator (PI) carried in primary system information will be used only for paging message or used also for any downlink/uplink scheduling DCI, we consider that paging mechanism and network command delivery can be decoupled. Paging mechanism would be necessary still to indicate the update of system information, ETWS, and/or CMAS if supported. Also, the repetition number per each coverage class would be different. Thus, indication of potential data transmission can be individually signaled per coverage class. Furthermore, sending PI aligned with PSI restricts the frequency and flexibility of PI transmission. For example, the bit size of PI needs to be restricted which could lead high false alarm probability (PI is triggered though there is no scheduled PDCCH for a UE). With those potential drawbacks, we propose to place DCI indication (DI) separately from system information. Instead, DI can be considered to be allocated at the beginning of the PDCCH occasion/resource for each coverage class. In other words, in every T (PDCCH occasion/resource period for the coverage class), one DCI can carry DI for the PDCCHs which will be scheduled at the beginning of each occasion.
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Figure 1. PDCCH occasion/resource for a coverage class with the PI located at the beginning.
Utilizing DI, a UE may need to monitor DI on the beginning of every PDCCH occasion/resource. If it does not have any DI triggered, it does not have to monitor the current PDCCH occasion/resource. 
Proposal 1: DCI indicator need to be introduced to reduce UE power consumption for PDCCH decoding.
If the overhead needs to be further minimized, DI may be carried in every M PDCCH occasion/resource instead of every occasion. UEs decode DIs at the starting point of every M PDCCH occasion/resource with the coverage class for the UEs only, and determine whether they need to decode PDCCH at the occasion/resource for them. A UE may be required to monitor at least once in every DRX cycle for possible network commands even if it does not have any uplink traffic. Figure 2 shows the example of DI transmission on every M PDCCH occasion/resource when M=3.
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Figure 2. DI transmission on every M(=3) PDCCH occasion/resources for a coverage class.
3. Conclusions
In this contribution, we discussed our views on NB-IoT PDCCH structure. The proposals based on the discussion are given as follow:
Proposal 1: DCI indicator need to be introduced to reduce UE power consumption for PDCCH decoding.
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