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1. Introduction
In the RAN1 LS [1], the agreements about paging for Rel-13 low complexity UEs and/or UEs operating coverage enhancements (CE) include the followings:

	Agreements:

1. Paging messages for Rel-13 low-complexity UEs and/or UEs operating coverage enhancements (CE) are transmitted separately from Paging messages for other UEs.

2. Paging message intended for Rel-13 low-complexity UE and/or UE operating CE can support PDSCH subframe bundling/repetition with multiple bundle sizes/repetition levels.

3. For paging, from RAN1 perspective, the following are beneficial

· The eNB needs knowledge that the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE.

· If possible, it is beneficial for eNB to have knowledge on the required amount of coverage enhancement during Paging message transmission.


RAN1 respectfully asks RAN2 to provide feedback on agreement #3. This contribution discusses the issues about agreement #3, and proposes some kind of feedback to RAN1. Another issue discussed in the contribution is how to transmit paging for low complexity UEs. 
2. Discussion
2.1 Necessity for eNB to have the knowledge
From RAN1 perspective, there are two kinds of knowledge that is beneficial for eNB to know:

· knowledge #1: the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE
· knowledge #2: the required amount of coverage enhancement during paging message transmission
For knowledge #1, since Rel-13 low-complexity UE can only receive paging on 6PRBs, therefore, if the eNB doesn’t know this kind of UE to be paged, it has to transmit paging messages on 6PRBs for all UEs. This will decrease the system efficiency and paging capacity. For UE that is to be paged using CE, since the paging messages for this kind of UE are transmitted in subframe bundling/repetition manner, it is beneficial for eNB to know the UE and then decide the transmission manner for it, in order to transmit the paging messages for the UE using CE separately from other UEs. Therefore, we propose:
Proposal 1: It is beneficial for eNB to know the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE from RAN2 point of view.

For knowledge #2, for UEs using different levels of coverage enhancement, the times of subframe bundling/repetition for paging messages are different. If the eNB doesn’t know that, it has to transmit all the paging messages for UE using CE in the maximum number of repetition. This will decrease the system efficiency and capacity, and waste the radio resources. On the other hand, if the eNB know the required amount of coverage enhancement during paging message transmission, it can choose the suitable repetition times for different level UEs using CE. Therefore, we propose:

Proposal 2: It is beneficial for eNB to know the required amount of coverage enhancement during paging message transmission from RAN2 point of view.
2.2 How can the network use the knowledge

In Rel-12, a container “UERadioPagingInformation” is introduced to carry the paging indication for category 0 UE. In Rel-13, the container manner can also be used to carry the Rel-13 low-complexity UE paging indication.

Proposal 3: The container “UERadioPagingInformation” can be used to carry the Rel-13 low-complexity UE paging indication.

However, for UE that is to be paged using CE, the Rel-12 mechanism is not suitable. Because for certain UE, whether it is using CE or the CE level can be changed due to e.g. mobility. And for the same reason, the required amount of coverage enhancement during paging message transmission can also be changed. Therefore, other mechanism can be considered:

Option 1: UE reported its CE level to the eNB for the first time and when it changes, the eNB informs MME about the UE using CE, and MME stores it and transmits it to eNB along with UE’s paging

This option needs UE to report its CE level. However, how the UE can judge its CE level and whether it is accurate needs RAN1/RAN4’s further evaluation. This option also needs UE to trigger one random access to report its CE level to eNB when it judges the CE level is changed. In addition, MME needs to identify the CE level information, which brings impact on MME.
Option 2: the eNB stores the knowledge of UE using CE (not inform MME), and uses it when it receives the UE’s paging from MME
This option requires eNB to store the UE’s CE level when it is in idle, and each time when UE accesses to the network, the eNB can update the UE’s CE level. The advantage of this option is that it doesn’t impact the core network.
Option 3: the eNB always informs MME about the UE using CE when the UE accesses to the network

This option also require eNB to judge UE’s CE level when it accesses to the network, and it doesn’t need eNB to store the UE’s CE level. But it will increase the signaling overhead when UE’s CE level is not changed.
Option 4: the eNB stores the knowledge of UE using CE, when eNB judges it is changed, eNB informs MME about the UE using CE
This option requires eNB to store the UE’s CE level when it is in idle, and judge UE’s CE level when it accesses to the network. But it can reduce the signaling overhead when UE’s CE level is not changed.
In summary, the option 1 needs some further input from RAN1/RAN4 after their evaluations about how the UE can judge its CE level and its accuracy. The other 3 options are all depended on eNB’s judgment (e.g., according to random access process), and the differences include whether the eNB stores the UE’s CE level and whether it inform it to the MME. 
Proposal 4: If the CE level is judged and reported by the UE, it needs some further input from RAN1/RAN4 after their evaluations about how the UE can judge its CE level and its accuracy.
Proposal 4bis: If the CE level is judged by the eNB, RAN2 is asked to discuss the above option 2, 3 and 4.
2.3 How are the Paging messages transmitted
In current specification, eNB sends the paging of the UE at pre-determined time location, i.e. Paging Frame (PF) and Paging Occasion (PO). For Rel-13 low complexity UEs using the reduced bandwidth (RBW) of 1.4 MHz, it can’t read the legacy PDCCH with P-RNTI to receive its paging message. Therefore, two kinds of solutions can be considered:
Solution 1: UE receives its paging scheduled by EPDCCH
Solution 2: UE receives its paging from fixed subframe patterns without scheduling

These two kinds of solutions are both feasible from RAN2 point of view. Actually, it is more related to RAN1. Therefore, it is suggested RAN2 to wait for RAN1’s progress on this issue. 
Proposal 5: Wait for RAN1’s progress on how to transmit paging messages, e.g. scheduled by control channels or by fixed subframe patterns.
The paging message is transmitted repeatedly for CE mode UE, it is possible that current paging cycle is not long enough in this case. Therefore, some extension of paging cycle and even SFN can be assumed. This is not difficult from RAN2 point of view. If paging messages for Rel-13 low complexity UEs would also be used to indicate SI update, the length of the current Modification Period could not be sufficient to cover the repetitions of paging message. And if the Modification Period has to be extended beyond its maximum length, i.e. 10.24 sec, SFN should be also extended. Since the repetition number of paging depends on RAN1’s discussion, whether the current paging cycle and SFN needs to be extended can also wait for RAN1’s conclusions.

Proposal 6: Wait for RAN1’s conclusion on the repetition number of paging messages, and then discuss whether to extend the paging cycle and even SFN.
However, no matter the conclusions made by RAN1on paging transmission, the concept of legacy PF and PO (pre-determined time location) can still be considered as the beginning/transmission position for paging messages. Otherwise, new mechanism would be probably required. So we propose:
Proposal 7: The concept of the legacy PF and PO is considered as a baseline for the paging transmission for Rel-13 Low Complexity UEs.

3. Conclusion
This contribution discusses paging for Rel-13 LC UE and summarized in the proposal below:
Proposal 1: It is beneficial for eNB to know the UE to be paged is a Rel-13 low-complexity UE and/or is a UE that is to be paged using CE from RAN2 point of view.

Proposal 2: It is beneficial for eNB to know the required amount of coverage enhancement during paging message transmission from RAN2 point of view.

Proposal 3: The container “UERadioPagingInformation” can be used to carry the Rel-13 low-complexity UE paging indication.
Proposal 4: If the CE level is judged and reported by the UE, it needs some further input from RAN1/RAN4 after their evaluations about how the UE can judge its CE level and its accuracy.

Proposal 4bis: If the CE level is judged by the eNB, RAN2 is asked to discuss the above option 2, 3 and 4.
Proposal 5: Wait for RAN1’s progress on how to transmit paging messages, e.g. scheduled by control channels or by fixed subframe patterns.
Proposal 6: Wait for RAN1’s conclusion on the repetition number of paging messages, and then discuss whether to extend the paging cycle and even SFN.
Proposal 7: The concept of the legacy PF and PO is considered as a baseline for the paging transmission for Rel-13 Low Complexity UEs.
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