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1. Introduction
In the last two RAN2 meetings, paging related issues were discussed, but there was no agreement on the paging transmission solution. There are three potential solutions that can be used for NB IoT:

Alt 1: M-PDCCH indication followed by paging message on M-PDSCH

Alt 2: Paging message directly on M-PDSCH (like SPS)

Alt 3: Paging message directly on M-PDCCH

Although it seems that RAN1 should make the final decision, RAN2 could still provide some analysis from RAN2 point of view. In this contribution, these three solutions are analyzed.
2. Discussion
In this section, we’ll analysis the above three solutions for NB IoT paging transmission.

Alt 1: M-PDCCH indication followed by paging message on M-PDSCH

Alt1 is the same as the scheme which is used for eMTC. It is easy to be reused in NB IoT. As the message size depends on the number of transmitted paging reports in case multiple paging records are transmitted as per legacy LTE procedure, it is better to use M-PDCCH to schedule appropriate M-PDSCH resource to transmit the paging message. As the eNB can allocate the resource according to the message size, it could increase the resource efficiency, which is the same principle used in resource scheduling for shared channels. Compared to Alt2 and Alt3, there is another advantage of Alt1 that Alt1 can reduce the UE from decoding much more information which is intended for other UEs. 
Alt 2: Paging message directly on M-PDSCH (like SPS)

For Alt 2, SPS like scheme is used. Without M-PDCCH, the M-PDSCH resource is pre-scheduled. It is obvious that this scheme is not efficient in resource utilisation given that resource is pre-configured prior to knowing the actual message size for transmission. If there is not enough paging message content to deliver, the resource may be wasted. And it is very difficult to pre-configure the SPS resource size considering that the number of paging is unknown. If the pre-configured resources are low, another mechanism is required to cater for the transmission of paging messages which were unable to be transmitted at the first time using the pre-configured resources.
Alt 3: Paging message directly on M-PDCCH

Alt 3 means that the whole paging message will be transmitted on the control channel M-PDCCH. Alt 3 to work successfully, the paging message size should be very limited. As multiple UEs may monitor the paging at the same time, the paging message at least needs to carry the UE ID information which is currently 32 bits, e.g. S-TMSI. If multiple UEs are paged, the paging message size depends on the number of UEs been paged. One may argue that only one UE is paged at one time. But for NB-IoT, there would be a large number of NB-IoT devices in the network, so it is difficult to let each UE monitor paging at different time. Therefore, Alt3 doesn’t seem to be better than Alt1 or 2. 
According to above analysis, we can compare these three alternatives as in Table 1 below.

Table 1: Paging schemes comparison
	Items
	Alternative 1: 

M-PDCCH followed by M-PDSCH
	Alternative 2:

M-PDSCH (SPS like) only
	Alternative 3:

M-PDCCH only

	Workable for NB-IoT
	yes
	yes
	Not workable if supporting multiple paging record in one paging message.

	Resource utilisation on shared channel
	good
	bad
	No need to consider

	Scheduling complexity
	Same as legacy
	High

· Hard to pre-configure appropriate resource

· Need to reconfigure if the pre-configured resource is small.
	No need to consider

	UE power saving
	Good, but can be optimized further.
	Worse than Alt1.

Maybe need receive more information if the resource pre-configured is not enough.
	No need to consider


Proposal 1: Exclude Alt 3, i.e. paging message directly on M-PDCCH, for paging in NB-IoT.

Proposal 2: Alt. 1 M-PDCCH indication followed by paging message on M-PDSCH is the baseline for paging in NB-IoT. 

Proposal 3: Whether to use Alt. 2 (SPS like M-PDCCH) as an optimization can be FFS if there would be some user case identified in the future.
Furthermore, coverage enhancements also should be taken into account for paging in NB-IoT since NB-IoT devices are mostly low cost devices and coverage enhancements would help them to receive data successfully. So similar to paging optimization for eMTC, transmit paging message according to UE CEL also is used for NB-IOT. The following cases should be considered:

Case1: if one paging message only carries one UE’s paging record, the network can paging the UE just consider the UE’s CEL. If the UE’s CEL is changed but the network doesn’t aware of it, the network may use the old CEL (i.e. the CEL that the network stored) to transmit the paging message at first time. After first paging message transmission, the network can use a larger CEL to retransmit a paging message or just use the largest CEL while retransmits the paging message. This can be left to network implementation.

Case2: if one paging message carries multiple’s UEs’ paging records, the network can consider the largest CEL of the paged UEs. If considering the changing of some UEs’ CELs, the network can use the largest CEL for paging transmission.

According to above analysis, it is proposed that

Proposal 4: CEL is considered for paging transmission in NB-IoT. And how to use CEL information for paging transmission can be left to eNB implementation.
3. Conclusion
According the analysis in section 2, the following proposals are given:

Proposal 1: Exclude Alt 3, i.e. paging message directly on M-PDCCH, for paging in NB-IoT.

Proposal 2: Alt. 1 M-PDCCH indication followed by paging message on M-PDSCH is the baseline for paging in NB-IoT. 

Proposal 3: Whether to use Alt. 2 (SPS like M-PDCCH) as an optimization can be FFS if there would be some user case identified in the future.

Proposal 4: CEL is considered for paging transmission in NB-IoT. And how to use CEL information for paging transmission can be left to eNB implementation.
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