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1.
Introduction
In this contribution, it is addressed on the impacts to the paging procedure due to the characteristics of Rel-13 low complexity UE and coverage enhancement technique (i.e. repetition). The characteristics of low complexity UE is shown below

	· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.
· Bandwidth reduced UEs should be able to operate within any system bandwidth.
· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 
· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.
· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.


2.
Discussion 
2.1 Low complexity UE

Since the network is aware of the capability of UE in RRC CONNECTED mode, the network is able to transmit/receive within reduced bandwidth. On the contrary, the ignorance of the network for the UE in RRC IDLE mode leads to some issues to be resolved. 
Due to the characteristics (i.e. reduced bandwidth and maximum TBS limitation) of low complexity UE, there is an impact to the paging procedure. According to RAN1 agreement made in RAN1#79, the eNB is expected to know whether the paging message is for low complexity UE or not in order to transmit a separate paging message.

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

We also think that unless the characteristics of the low complexity UE is known to the eNB during receiving S1 PAGING message from MME, the eNB may schedule paging message outside of 1.4MHz, resulting that the low complexity UE is not able to receive the message. 

Since the current UE Radio Capability for Paging IE included in the S1 PAGING message does not imply the bandwidth limitation and/or TBS limitation, we think new S1 indication is required for paging Rel-13 low complexity UE.

Observation 1) A new S1 indication from MME to eNB is beneficial for paging Rel-13 low complexity UE from RAN2 point of view.

In order for the MME to transfer the low complexity information to the eNB for the above purpose, MME is required to know whether the UE is low complexity. For this, a similar mechanism as for category 0 UE could be applied to Rel-13 low complexity UE. 

Proposal 1 Introduce a new low complexity UE indication in current ue-RadioPagingInfo.
2.2 Coverage enhancement UE
According to the following RAN1 agreement made in RAN1#79, the eNB has to know whether the paging message is for UE using coverage enhancement in order to transmit a separate paging message.

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

Based on the above information, the eNB is able to determine whether to perform repetition for the UE for paging the UE. However, if the information only about whether the paging is for UE using coverage enhancement or not is known to the eNB, it is inevitable for the eNB to repeat as many as the maximum number required for paging message. This causes inefficiency in spectrum usage. 
Observation 2) The information only about whether the paging message is for the UE using coverage enhancement or not to the eNB from MME could result in inefficiency of spectrum usage.

In order to avoid the aforementioned drawback, we think it would be beneficial for the eNB to know the required amount (or coverage enhancement level among multiple levels for paging, which is agreed in RAN1) of coverage enhancement during paging message transmission as stated in LS from RAN1 [1]. Note that hereafter it is assumed that based on ‘required amount of coverage enhancement’, the eNB could calculate the number of required repetitions (or subframes, radio resources) for successful reception of downlink messages. The required amount of coverage enhancement itself might indicate the number of required repetitions (or subframes, radio resources) or indicate the level that could be used to calculate the number of required repetitions. The detailed discussion on this is scope of RAN1. 
If the eNB knows the required amount of coverage enhancement of each UE to be paged, the eNB would determine the required amount of coverage enhancement as many as the maximum among the required amount of coverage enhancement of UEs for successful transmission of the paging message. This makes the eNB perform less repetition. 
Observation 3) The required amount (or level) of coverage enhancement information from MME to eNB during paging is beneficial in terms of spectrum efficiency. 
Given that the UE using coverage enhancement is not static as shown in [2], the amount is likely to change even though the change occurs infrequently. We think if the above change is not known to the network, the same spectral inefficiency problem could happen during paging transmission. In other words, MME has to page the UE with maximum coverage enhancement. In addition, incorrect information about the coverage enhancement level might also result in the spectral inefficiency since the UE could not respond to the paging message due to being unable to decode the paging message although the paging message is for the UE and the UE is in the cell.

For resolving the problem, the MME needs to know the up-to-date required amount of coverage enhancement from our view. 

Observation 4) The MME is required to know the up-to-date required amount of coverage enhancement.

Then, the question is how the MME could acquire the required amount of coverage enhancement information. For the RRC connected mode UE, the eNB could figure out the up-to-date amount of coverage enhancement during downlink transmission and uplink reception from the UE. Thus, the eNB could inform MME of the up-to-date information of the UE at the S1 connection release. The final decision needs to be made by RAN3.

Observation 5) The eNB could inform the latest required amount of coverage enhancement of RRC connected UE to MME at S1 connection release.

However, for idle mode UE, there is no way for the network (i.e. eNB, MME) to acquire the latest information on the amount of coverage enhancement if the required amount has changed. For resolving the issue, two ways could be considered.

· Alt.1: UE informs the network the up-to-date information.

· Alt.2: MME indicates to the eNB whether the page is an e.g. 1st page or 2nd, or last page for that UE. [3]

In case of Alt.1, the UE is required to establish RRC connection in order to inform the network the changed coverage enhancement level. Though establishing a RRC connection for coverage enhancement UE is deemed a significant burden for the network as well as the UE, it may not be a big harm for the network and the UE given that the coverage enhancement level seldom changes. 

In case of Alt.2, since the MME might have wrong information on the UE’s coverage enhancement level, the MME indicates additional information (1st page, 2nd page…) besides the stored coverage enhancement level for paging with appropriate number of repetitions. Based on the information, the eNB might increase the number of repetitions for paging message transmission as S1 paging message increases for that UE. There are no impacts to the UE. However, there might be spectrum inefficiency in this alternative.
Proposal 2 Discuss how to assist the eNB for paging with the appropriate number of repetitions.
One notable problem in paging the coverage enhancement UE is that there is much spectrum inefficiency since there could be many unnecessary paging message transmissions. For instance, though a UE stays in one cell, the paging message needs to be transmitted with many repetitions in all the cells included in tracking area. If the eNB is able to guess whether a UE or a group of UEs are in the cell with minimal control channel signaling before sending the actual paging with many repetitions, it would be beneficial in terms of spectral efficiency during the paging procedure.
Proposal 3 Discuss how to reduce a bunch of unnecessary paging transmissions in unnecessary cells.

3.
Conclusion
With regard to paging for low complexity UE, it is observed and proposed as follows. 
Observation 1) A new S1 indication from MME to eNB is beneficial for paging Rel-13 low complexity UE from RAN2 point of view.

Proposal 1 Introduce a new low complexity UE indication in current ue-RadioPagingInfo.
For paging of coverage enhancement UE, it is observed and proposed as follows.
Observation 2) The information only about whether the paging message is for the UE using coverage enhancement or not to the eNB from MME could result in inefficiency of spectrum usage.
Observation 3) The required amount (or level) of coverage enhancement information from MME to eNB during paging is beneficial in terms of spectrum efficiency. 

Observation 4) The MME is required to know the up-to-date required amount of coverage enhancement.

Observation 5) The eNB could inform the latest required amount of coverage enhancement of RRC connected UE to MME at S1 connection release.

Proposal 2 Discuss how to assist the eNB for paging with the appropriate number of repetitions.
Proposal 3 Discuss how to reduce a bunch of unnecessary paging transmissions in unnecessary cells.
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