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Abstract of the contribution: This paper evaluates the solution “Solution 7: Paging for static and dynamic coverage enhancement level”.
1 Discussion

The solution 7 “Paging for static and dynamic coverage enhancement” is a solution which allows applying different CE level change mechanism depending on UE application types. That is static CE level and dynamic CE level as below.
	
	UE behaviour
	NW behaviour
	Appropriate to

	Static CE level (6.7.1.2)
	UE shall not change the pre-negotiated CE level in idle mode
	eNB pages using same CE level even in retransmission trial
	Mobile devices which is changing the CE level frequently but probable CE level range between 0-5dB

	Dynamic CE level (6.7.1.3)
	UE can change the pre-negotiated CE level in idle mode
	eNB adapts CE level when retransmit the paging
	Stationary devices which is requiring extreme coverage enhancement 10dB or 15dB


This solution is only applicable when the UE does not inform the change of CE level while the UE is in idle mode. For LTE low complexity UE, this assumption is applicable but the situation in new RAT (i.e. clean slate solution) is different. The common working assumption 2 in TR 45.820 is that UE should inform the change of CE level to NW but the decision will be up to RAN progress on clean slate solution.
Also applying static CE level may result in problematic situation since a UE cannot change the previously negotiated CE level even the UE cannot read downlink signalling successfully since the UE can’t change CE level while the UE is in idle mode. Besides the gain of static CE level is not compelling. It is stated that static CE level is appropriate should apply to mobile devices and expected CE level of those device is from 0dB to 5B. Therefore even dynamic CE level is applied for this UE, only expected CE level change is that from 0dB to 5dB or 5dB to 0dB. If a UE changes the CE level from 0dB to 5dB, the network pages using 0dB then the network will reattempt using 5dB CE level. If a UE change from 5dB to 0dB, the network pages using 5dB therefore the UE can successfully receive the paging message. Therefore only inefficient case is that when the UE changes the CE level form 0dB to 5dB.
Therefore sourcing company can summarise as below observation.
Observation 1: The assumption of this solution is not correct yet since the UE may inform the change of CE level when the UE is in idle mode.
Observation 2: How RAN decides static CE level or dynamic CE level for a specific UE is not clear.

Observation 3: If the static CE level is applied, UE is not allowed changing of the CE level even the UE couldn’t receive paging/system information successfully.
Observation 4: Gain of applying static CE level for the UE which is mobility devices the CE level is normally range between 0-5dB.
2 Proposal

It is proposed to capture the following changes to FS_AE_CIoT TR.23.720
6.7
Solution 7: Paging for static and dynamic coverage enhancement (CE) level

6.7.1
Description

6.7.1.1

General

Editor's Note:
Describe the solutions. First Sentence should list solution corresponds to which key issue #. Sub-clause(s) may be added to capture details, procedural flow etc. 

This solution is based on the following principles:

Principle 1: Paging CE level is decided by RAN node when the UE is connected and provided to the UE. 

Principle 2: When RRC connection is released, the RAN node needs to store in the Core network the type of device (low cost) and last negotiated CE level while UE was in connected mode. 

Principle 3: The Core Network needs to provide the CE level and UE support to any RAN node where the paging request is sent when the UE is in idle.

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.
Note: Whether RAN requires blind adaptation of the CE levels depends on RAN solution. 

Given Principle 4, an efficient design is needed where the NW should normally page at the right CE level, or find the right CE level efficiently. The following two scenarios need to be considered:

Scenario 1: Mobile devices.

One example is wearables. For this Mobile scenario, the optimal CE level is changing potentially quite frequently.  Also, given the mobility it is to be assumed that these devices are normally not in basements and in the street/malls/houses/etc. so these devices would not need extreme coverage enhancement as the basement scenario RAN1 is considering, so probably the CE level would normally range between 0-5dB, probably due to the low cost nature.

The preference is that instead of trying to target a varying coverage which can change too frequently, and could cause the NW to have to adjust its CE level (and in the process perform paging in the wrong CE levels) we assume the worst case (e.g. 5dB), and not use dynamic CE level selection. 

Scenario 2: Quasi Stationary devices

This scenario is for devices that are most of the time stationary, and potentially in situations requiring extreme coverage enhancement e.g. 10 dB for one device and 15 dB for another device. In this case, the required CE is assumed to not change frequently, although it may change from time to time. In this case, dynamic CE level is optimal.

The RAN node should not only decide on a paging CE level, but whether paging CE level is dynamic (UE can change paging CE level while in idle) or static (UE cannot change paging CE level while in idle). For static paging CE level. This information is stored in the core network.

6.7.1.2
Design for Static Paging CE level (for scenario 1)

When a UE and eNB/C-BS negotiate static paging CE level when the UE is in RRC connected, the behaviour is as follows.

In the UE, in idle mode:

   When the UE is in idle mode, the UE reads the paging message at the resources for the negotiated paging CE level, even when moving to a different cell.
In the last connected eNB/C-BS:

·    The eNB/C-BS provides to the MME/C-SGN information on device type (e.g. low cost), the paging CE level and an indication that the paging CE level is static. 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/C-SGN.

In the MME/C-SGN:

·    The MME/C-SGN stores the paging information received by the eNB/C-BS.

·    When paging, the MME/C-SGN includes the paging information in all paging request messages, regardless of whether the receiving eNB/C-BS is the last eNB/C-BS the UE was connected to.

In the eNB/C-BS receiving the paging request message with paging information:

·    The eNB/C-BS pages the UE using the paging CE level provided in the paging information.

6.7.1.3
Design for Dynamic CE level (for scenario 2)

In case dynamic paging CE level selection is enabled in the UE, 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/C-BS the UE was last connected:

·    The eNB/C-BS provides to the MME/C-SGN 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/C-SGN. However, the MME/C-SGN must know that paging CE level is dynamic, this is not transparent to MME/C-SGN, since the MME/C-SGN 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/C-SGN:

·    The MME/C-SGN stores the paging information received by the eNB/C-BS.

·    When paging, the MME/C-SGN includes the paging information in all paging request messages, regardless of whether the receiving eNB/C-BS is the last eNB/C-BS 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/C-SGN also includes paging retransmission information including how many paging retransmissions have been sent.

·    The MME/C-SGN should be aware that more paging retransmissions than usual might be needed if dynamic paging CE level is used and adjust accordingly.

In the eNB/C-BS receiving paging request message with paging information:

·    If first paging request, the eNB/C-BS sends paging message at the paging CE level provided in the paging information.

·    If the paging request is a paging retransmission, the eNB/C-BS adjusts the paging CE level. (Examples of how the adjustment can be done provided later in this document)

An example call flow is shown in Figure 6.7.1.3-1. In this example, there are 4 possible paging CE levels (5dB, CE2=10dB, CE3=15dB, 20dB). 
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Figure 6.7.1.3-1: Example call flow for dynamic paging CE level

6.7.2
Impacts on existing nodes and functionality
UE:

-
Support of paging with coverage enhancement, static and/or dynamic.

RAN

-
Decision on paging coverage enhancement level and paging coverage enhancement adjustment in case of dynamic CE level.

Core Network 

-
Storage and forward of CE level information.

6.7.3
Solution Evaluation


This solution is only applicable when the UE does not inform the change of CE level when UE is in idle mode. For LTE low complexity UE, this is applicable assumption but for the new RAT (i.e. C-BS) the assumption is not appropriate. Since in TR 45.820, it is stated that UE shall inform the change of CE level to network even in idle mode. Also applying static CE level may result in some problematic situation. If the UE cannot change the previously negotiated CE level, UE may not read downlink signalling successfully since the UE can’t change CE level. Also the gain of static CE level is not compelling. 
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