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1 Introduction
At RAN#69, a new WI NB-IOT [1] was approved. The objective of the WID is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA, which addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture.
Hence, the power saving and complexity reduction is quite important for the NB-IOT devices. This paper discusses a solution based on the message reading indicator that can save the unnecessary processing of the messages when the UE is not scheduled or paged. The solution has been adopted by the NB-CIoT solution which is concluded as a compatible candidate in TR45.820 [2].
2 Overview of message reading indication
Normally on each PDCCH occasion the UE may need to decode several PDCCH messages to check whether it is addressed. For example:

- An idle mode UE on each paging occasion, the UE needs to decode the PDCCH messages to check whether it is paged.

- A UE that has just sent a RACH request, it needs to read the PDCCH messages for the RACH response message. 
- A UE in connected mode, it needs to check PDCCH messages to determine whether the UE has been addressed. 
For NB-IOT, the UE is targeted as a device with improved coverage, quite low complexity and lower power consumption, which is different from the typical terminal designed for the MBB service. In this sense, the processing of PDCCH and the processing of following messages, e.g. the data in PDSCHs, should be minimized for the UE. 
In NB-CIoT solution in TR45.820 a PDCCH Message reading Indicator (PMI) was proposed to minimize unnecessary processing on paging messages, when the UE is not paged on the corresponding occasion [2]. Further details are provided in this section, and some further considerations of the design are discussed.
2.1 Message reading indication mechanism
The message reading indicator field is transmitted and used to minimize the UE’s processing on PDCCH messages and the following procedures when the UE is not addressed in the corresponding duration. 
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Figure 1: Illustration of message reading indicator
As shown in Figure 1, in each frame, the message reading indicator field can be conveyed in the Primary System Information (PSI), i.e. MIB, and is used to indicate whether a UE should read the PDCCH messages. For simplicity, we use paging to illustrate the message reading indicator. Typically a message reading indicator broadcasted in one frame is assumed to indicate the message reading in the next frame.

In each frame, the base station can know which set of UEs will be scheduled in the next frame. This kind of UEs is named as Type 1 UEs. Based on this information, the base station sets the one or multiple bit positions in the message reading indicator field corresponding to each Type 1 UE and then broadcasts the field.

The UEs that could be paged in the next frame read the message reading indicator field in the current frame first. As shown in Figure 1, there are three cases:

· Type 1 UEs: The Type 1 UEs will be paged in the next frame. So, all the bit positions which correspond to each Type 1 UEs should be set by BS. Hence, by reading the message reading indicator field, all Type 1 UEs will read the PDCCH messages in the next frame.
· Type 2 UEs: as shown in Figure 1, the Type 2 UEs are not scheduled in the next frame. By reading the message reading indicator field a Type 2 UE find that at least one of its corresponding bit positions are not set and therefore the UE will not be paged. The UE will skip the reading of PDCCH messages in the next frame.
· Type 3 UEs: as shown in Figure 1, Type 3 UEs are not scheduled in the next frame. However after reading message reading indicator, the Type 3 UE will still read all the potential PDCCH messages and do the corresponding processing in the next frame. This is because all the bit positions which correspond to a Type 3 UE unfortunately collide with the bit positions of some Type 1 UEs. This is false alarm case.
Furthermore, the message reading indicator field should be a relatively short length field. By reading the message reading indicator field, all the Type 1 UEs will not miss any scheduled PDCCH messages and the corresponding processing in the next frame. However, for Type 2 UEs, by just reading a short length message reading indicator, the high processing of large PDCCH messages in the next frame can be avoided. Hence, the message reading indicator can save the power and processing complexity when the UE is not scheduled. The Type 3 UEs are caused by a false alarm; hence the probability of Type 3 UE should be minimized in the design of the message reading indicator.

In NB-CIoT solution, the paging request messages are designed to be conveyed in the PDCCH. In this case, as shown in Figure 1, the message reading indicator should be broadcasted in the MIB. In NB-IOT, if the paging messages are designed to be conveyed in PDSCHs, as in LTE, then the message reading indicator can be conveyed either in the MIB or the PDCCH that refers to the PDSCH messages. In this case, the processing of the whole PDSCH message can be avoided when the UE is not paged.
The message reading indicator is adopted by the NB-CIoT design in TR45.820 [2], in which the name of PMI (PDCCH Message Indicator) is used. Actually, the message reading indicator has already been used in the paging design of 3GPP UMTS system (PICH is read first, then PCH channels is decided whether to be decoded). By using this message reading indicator, quite a lot of unnecessary processing for downlink paging messages can be removed. This may not be an important design objective for the MBB system; however it is quite important for a LPWA (Low power wide area) IoT service. 
Proposal 1: Adopt the message reading indicator into the paging design to reduce power consumption for NB–IOT devices.
2.2 Considerations on message reading indicator design
The message reading indicator is proposed to reduce the processing on the message detection. So the processing of the message reading indicator itself should be low complexity. Furthermore, the message reading indicator is broadcast, hence the number of bits for the message reading indicator should be kept as low as possible. To achieve reliable transmission, the UE should not miss any scheduling by reading the message reading indicator and the number of Type 3 false alarms should be minimised in the design of the message reading indicator. 
In summary, the message reading Indicator field should fulfil the following requirements listed in Proposal 2.
Proposal 2: Agree the following requirements as the design requirements for the Message Reading Indicator.
· The message reading indicator should be relatively a short field;

· No miss-detection and low false alarm rate of the message reading indicator: By reading the message reading indicator field, the UE shall:
· not miss any message which is exactly addressed to the UE;

· have as low probability as possible that the UE falsely detects there is a need to read the messages when the UE is not addressed.
A typical design for message reading indicator can be based on a bloom filter, which is a sophisticated data structure used for checking whether an element is present in a set. Assuming M-bits field is used for the message reading indicator field, the field can be set by the base station according to K hash functions. For each Type 1 UE, the base station uses the K hash functions to derive K bit positions and sets all the derived bits. The hash functions can use the ID of the UE and the frame number to generate the random bit positions.
After setting all the bit positions derived for all the type 1 UEs, the base station broadcasts it. The UE receives the message reading indicator and only if all K bit positions corresponding to the UE are set to 1 the UE will process the following PDCCH or PDSCH messages. If any bit for the UE is not set, then the UE can skip the processing of the following messages.
The hash functions have different outputs when the UE ID and frame number change. This can provide good randomness of the bit positions for each UE, and hence can minimize the collision rates between two UEs. Furthermore, there are K bits used to indicate whether one UE is paged or scheduled. This can further reduce the reading of PDCCH or PDSCH messages caused false alarms, because each UE needs to check all K bits and the probability of all the K bits collided with the bits of a Type 1 UEs is relatively low. 
2.3 Further consideration

Besides the paging messages, the NB-IOT devices still need to monitor the PDCCH messages to detect uplink and downlink scheduling messages when the UE is in connected mode. Furthermore, after an idle mode UE sent a RACH request, the PDCCH should be also monitored for detecting the potential response of the RACH. In this sense, the message reading indicator can be considered as a mechanism to reduce the processing and power consumption for UE when the UE is waiting for normal scheduling or RACH response. 
Further discussions are proposed to be considered in the NB-IOT work item.
Proposal 3: Consider using the message reading indicator when the UE is waiting for a normal scheduling or RACH response PDCCH messages.
3 Conclusion
In E-UTRA the UE needs to detect the potential PDCCH messages on each PDCCH occasion when the UE could be scheduled. Normally the UE is not be paged or scheduled on every occasion, therefore it is not necessary to decode and process the PDCCH or PDSCH messages on each occasion. This is acceptable for the devices using the MBB service.
A NB-IOT device is designed for Low Power Wide Area (LPWA) service, which is different from the traditional MBB service. The low device complexity and low power consumption are the most important requirements of the NB-IOT. The processing of PDCCH and the processing of following messages should be minimized for an UE, when the UE is addressed on the corresponding PDCCH occasion. 
This paper illustrates a solution based on a message reading indicator that can save the unnecessary processing of messages, e.g. PDCCH messages, when the UE is not scheduled or paged. The solution has been adopted by the NB CIoT system in TR45.820. Further details are provided and the requirements on the message reading indicator field design are also proposed.
Proposal 1: Adopt the message reading indicator into the paging design to reduce power consumption for NB–IOT devices.

Proposal 2: Agree the following requirements as the design requirements for the message reading indicator.
· The message reading indicator should be relatively a short field;

· No miss-detection and low false alarm rate of the message reading indicator: by reading the message reading indicator field, the UE shall:

· not miss any message which is exactly addressed to the UE;

· have as low probability as possible that the UE falsely detects there is a need to read the messages when the UE is not addressed.
Proposal 3: Consider using the message reading indicator when the UE is waiting for a normal scheduling or RACH response PDCCH messages.
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Message reading Indicator


Type 2 UE: The UEs who are not scheduled in the corresponding duration, and by reading the message reading indicator the UE will skip the  further reading of the PDCCH messages and other processing


Type 3 UE: The UEs who are not scheduled in the corresponding duration, but by reading the message reading indicator the UE will still continue the  further reading of the PDCCH messages and other processing
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PDCCH messages & PDSCH messages


Type 1 UE: The UEs who are really scheduled in the corresponding duration


After checking the message reading indicator, the UE will skip the reading of the PDCCH and other messages



