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1. Introduction


A CIoT SI was agreed in GERAN #62, which aims to support the massive number of connections and improved power efficiency for CIoT devices with reduced complexity [1]. Among the performance objectives, improving the power efficiency will be the most challengeable factor, because each CIoT device should operate up to ten years with 5 Wh. In this contribution, the power efficiency issue of CIoT devices operating in NB-M2M is discussed. In particular, an enhance way of saving the power in paging procedure is proposed. 
2. Discussion
2.1 Current paging procedure
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Figure 1. Paging Procedure for S1 based Architecture
As shown in Fig. 1, paging is performed by two steps. First, BS sends the paging DCI with P-RNTI to the idle CIoT devices included in same paging occasion. Here, the paging DCI just indicates the existence of paging from network but does not indicate which CIoT devices are the paging target. Second, the all the idle devices in same paging occasion decode the next paging message indicated by the first paging DCI. Then, each CIoT device can determine whether to wake up or stay in idle state, because the S-TMSI/IMSI or P-TMSI list (which indicates the paging targets) in S1/Gb based architecture is included in the paging message. Finally, the CIoT devices in the paging target list send back the paging response to BS.
Here, we can find the enhancement point of this paging procedure, i.e. some of the idle CIoT devices should decode the paging message, even if they are not included in the paging target list. If the number of the CIoT devices unnecessarily decoding the paging message is much larger than the number of the CIoT paging target devices, we can conclude that most of CIoT devices unnecessarily consume energy for the paging. Based on the traffic model in TR [1], we briefly compare two values according to coverage class in Table 1. For verification, we assume that paging cycle is 10.24 sec and DCI interval of each coverage class is 80ms, 320ms and 1280ms. In addition, we define paging efficiency as
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	Coverage Class
	the average number of the CIoT devices included in each paging occasion
	the average number of the CIoT devices being the paging targets

	Normal Coverage
	44.4
	0.01

	Extended Coverage
	533.3
	0.14

	Extreme Coverage
	3554.6
	0.95


Table 1. Paging efficiency of current paging mechanism according to coverage class
Then, from to the result in Table 1, we can observe that the paging efficiency is just below 0.03 %, which means that we need to make an effort to reduce the number of the CIoT devices unnecessarily decoding the paging message.
Observation 1. Current paging procedure needs to be improved in terms of power efficiency.
2.2 Recommendation
The solution can be making only the paging target devices decode paging message by inserting minimum additional information about the paging targets into the paging DCI. However, it is not easy to identify the paging target devices with only a limited amount of information bits.
Then, a suboptimal solution is to divide CIoT devices in each paging occasion into a few groups and to make only the group including the paging target devices decode the paging message by adding the minimum information about the paging target into the paging DCI. By doing so, the overall power consumption can be reduced compared to when all the CIoT devices are made to decode the paging message.
Proposal 1. Providing additional information about the paging target into the paging DCI can help CIoT devices save the energy consumed for unnecessarily decoding the paging message.
As the additional information to the paging DCI, following options can be considered.
(1) Embedding paging target information into P-RNTI value
By allocating some range of RNTI values as P-RNTI’s, the groups of CIoT devices included in the paging occasion can be identified from the P-RNTI. 

This way gives few or no impact to current standard, because the DCI format does not need to be changed. The only impact is to occupy some range of the current RNTI. However, the number of bits being considered for the current RNTI is 20 bits [2], which can identify more than million devices. Considering that most of the RNTI domain is for the C-RNTI and the performance objective notified in TR is to support 50K CIoT devices, we can think that the current RNTI domain is enough to support the multiple P-RNTI identification.
(2) Providing a new information field into Paging DCI

By introducing additional information field for identifying the paging groups, we can achieve the same effect as the multiple P-RNTI option above. Of course, it has an impact on changing the current DCI format. 

Proposal 2. As the way to insert the additional information about the paging target to the paging DCI, two options can be considered, multiple P-RNTI indication and new information field.
2.3 Proposal
Then, as the efficient way to support the group identification of the paging devices, we propose the following bitmap based paging group identification. For the case where P-RNTI based paging group identification is employed in paging DCI, the operation is described in Figure 2.
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Figure 2. Bitmap structure for supporting paging group identification
First of all, the front part of P-RNTI is a predefined bit sequence which will be the key value for decoding the scrambled DCI message. Assuming that each CIoT device knows the predefined bit sequence of P-RNTI, it can decode the DCI into the paging DCI.
Then, based on the bitmap indication of back part, BS sends 0 or 1 which indicates “Keep Sleeping” or “Read paging message” according to the paging groups. Then, the CIoT devices of one or multiple paging groups perform “Keep Sleeping” or “Read paging message” based on the bitmap indication. Here, as the number of paging groups or indicated bits increases, the power saving effect also increases but it gradually takes over the RNTI domain. However, RNTI domain is still enough to support more than 10 bits.
Proposal 3. Employing the bitmap based paging group identification into the paging DCI will help BS indicate which paging groups have the paging target with a simple way.
3.  Conclusion
In this contribution, we point out following observation.

Observation 1. Current paging procedure needs to be improved in terms of power efficiency.

We believe that the following proposals for paging group identification would be beneficial in improving the power efficiency of cIoT devices and they should be captured into the TR.
Proposal 1. Providing additional information about the paging target into the paging DCI will help most of CIoT devices to save the energy consumed for unnecessarily decoding the paging message.
Proposal 2. As the way to insert the additional information about the paging target to the paging DCI, two options can be considered, multiple P-RNTI indication and new information field.

Proposal 3. Employing the bitmap based paging group identification into the paging DCI will help BS to indicate which paging groups have the paging target with a simple way.
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