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1.
Background

In the context of Rel-13 enhanced MTC work in RAN WGs (LTE_MTCe2_L1), RAN1 is defining different Coverage Enhancement (CE) levels for paging. Moreover, it is possible that the UE needs to change coverage enhancement (CE) levels dynamically. 

In that context, SA2 has requested feedback from RAN WGs in S2-150697 and it is receiving replies in R2-151786 from RAN2, and LS R1-145454 from RAN1, with agreements/information for paging to UEs operating in coverage enhancement. 

The feedback is as follows:
Feedback from RAN1:
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. Different resources are used.

2. Different CE levels are supported for paging via different bundling/repetition.

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.

Feedback from RAN2: 

0. RAN2 has agreed that Rel-13 “normal complexity” UEs in enhanced coverage will be paged using the same mechanism for paging Rel-13 “low complexity” UEs.
1. Answer to Question 1: both UE radio capability (Rel-13 low complexity and/or enhanced coverage capability) and information about UE’s enhanced coverage level are used in the eNB to determine the amount of coverage enhancement techniques required.
2. Answer to Question 2: It is beneficial to store UE’s enhanced coverage level related information in the CN. RAN2 agreed that the IDLE UE does not inform the network when it changes the enhanced coverage level within a cell or when it changes to another cell.
3. Answer to Question 3: It is important for the network to know the cell identity where the last known enhanced coverage level is relevant. RAN2 has agreed that coverage enhancement level related information and the corresponding cell ID are provided from eNB to MME and back. However, to which eNB/C-BSs the MME sends the paging request is up to network implementation. It is FFS whether the cell ID is visible to the MME.
4. Answer to Question 4: For Rel-13 low complexity/enhanced coverage UEs, it is beneficial if the MME indicates to the eNB whether the paging attempt is e.g. 1st or 2nd, … for this UE.
5. Answer to Question 5: RAN2 has not discussed yet whether it would be beneficial for the MME to potentially cancel paging when the UE has responded to the MME in order to avoid other eNBs in the paging area to send further paging messages over the air.
We propose a paging mechanism for CE that takes into consideration all the agreements above.
2. Proposal on principles for paging of low cost and CE devices

2.1
Design Principles

The following principles need to be taken into account given the feedback from RAN1 and RAN2:

The CE level for paging messages that will be initially used (UE could potentially change it while idle, later) based on information that apply when the UE initially connects to the network i.e. based on the UEs capability being a low cost device, channel quality, etc. The CE level is negotiated between UE and eNB when UE establishes RRC connection.

When RRC connection is released, the eNB needs to store in the MME the type of device (low cost) and last negotiated CE level while UE was in connected mode. (See RAN2 answer to Question 2 in R2-151786)

The MME needs to provide the CE level and UE support to any eNB where the paging request is sent when the UE is in idle.

	Principle 1: Paging CE level needs to be negotiated between UE and eNB when UE is connected.  

Principle 2: When RRC connection is released, the eNB needs to send to the MME the last negotiated CE level while UE was in connected mode. It also needs to send the corresponding cell ID.  
Principle 3: The MME needs to provide the last used CE level and UE support to any eNB where the paging request is sent when the UE is in idle.


Given that the UE in idle mode does not inform the network when it changes the CE level (RAN2 answer to Question 2 in R2-151786), the information an eNB receives from the MME is the last negotiated paging CE level. However, this does not mean that the UE is actually still in the same CE level at that given point in time, so the NW must adjust the paging CE level until finding the UE in case the UE has changed. For example, if the last negotiated paging CE level was 5dB, but the UE moved to 10dB CE level, the RAN may first page at 5dB CE, and when no response try again paging at 10dB CE level.
	Principle 4: For UEs that can potentially change paging CE level while in idle, the RAN must adjust the paging CE level until finding the UE.


3 Proposed Design for paging low cost and CE devices
Since the UE can change the paging CE level without informing the network, then the NW needs to perform “blind” adjustment of paging CE level. 

To help with NW blind adjustment, the following behaviour is proposed.
In the UE, in idle mode:
· The UE is allowed to change paging CE levels.
In the eNB the UE was last connected:

· The eNB provides to the MME information on device type (e.g. low cost), the paging CE level and an indication that the paging CE level is dynamic. This information can be provided in the S1 UE context release complete message. 

· The information of device type and paging CE level is transparent to MME. However, the MME must know that paging CE level is dynamic, this is not transparent to MME, since the MME must be aware that it is possible that more paging retransmission may be required to find the UE at the right paging CE level

In the MME:

· The MME stores the paging information received by the eNB.

· When paging, the MME includes the paging information in all paging request messages, regardless of whether the receiving eNB is the last eNB the UE was connected to. This is due to the fact, that the information about the last paging CE level used by a UE is useful to narrow down the search for the paging CE level that will reach the device. For example, if the UE was using a paging CE level of 15dB, it is likely that the UE will need at least 10dB, it is highly unlikely that the UE will not need any coverage enhancement.   
· In case paging retransmissions are needed, MME also includes paging retransmission information including how many paging retransmissions have been sent.

· The MME should be aware that more paging retransmissions than usual might be needed if CE for paging is enabled and adjust paging retransmission strategy accordingly.

In the eNB receiving paging request message with paging information:

· The eNB uses the received information: last used paging CE level, cell ID and paging retransmission information to decide which CE level to use.
An example call flow is shown in Figure 3-1. In this example, there are 4 possible paging CE levels (5dB, CE2=10dB, CE3=15dB, 20dB). 
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Figure 3-1: Example call flow for paging in different CE levels
4.
Proposal
It is proposed to capture the above described solution for LTE in TS 23.401, as proposed in CR 2917 to TS 23.401.
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