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Abstract of the contribution: eDRX and Coverage enhancement have been proposed in parallel work items, this contribution aim to clarify how these can coexist in the context of CIoT.
Discussion
CIoT devices are likely to use the best power save mode that suites the CIoT devices purpose. When using eDRX, it has been identified that clock drift between UE and eNB/CN requires a solution to ensure reliable paging. Two solutions have been proposed; one RAN based and one CN based solution. 
Furthermore it is essential that the network uses the correct Coverage Enhancement (CE) level if the UE is operating in CE mode and eDRX mode. Otherwise the UE will not be paged until next time it wakes up, next eDRX cycle. TR45.820 shows examples that the cycle can be up to 52 minutes long.
Observation 1: It is important to page the CIoT device at correct CE-level when the CIoT device is in eDRX mode, due to the long cycles.

After each eDRX cycle the UE needs to resynchronize to network, since the clock has drifted (discussed in R1-144564). A UE that is operating in coverage enhancement mode will need to accumulate several synchronization signals depending on CE-level in order to decode the synchronization signal and re-synchronize to the network. During this re-synchronization, the UE can learn if the UE’s CE-level has changed compared to last time the UE was synchronized to the network. The CE-level estimation can be based on number of accumulated synchronization signals needed. 
Observation 2: A CIoT device operating in coverage enhancement mode will be able to detect if the CE-level have changed during the re-synchronization phase.

Observation 3: After the re-synchronization phase, the CIoT device has the possibility to update the MME if the CE-level needs to be changed in order to successfully page the UE.

A CIoT device would minimize the number of transmissions in order to minimize the power consumption. So updating the MME every time the CE-level has changed is not the optimum solution. Solution 8 in TR23.720 proposes that the UE only needs to perform cell based area update when the UE moves outside of the current paging area. When performing the paging area update, it is logical to also update the CE-level.

Proposal 1: Update the CE-level in combination with the “paging area” update by adding CE-level as an element in the request message.

Note that the request message will need to be repeated according to the CE-level in order for the eNB to receive the request message.
To justify further CE-level updates based on UE estimation, the change needs to be significant. Moving in and out of coverage enhancement mode could be a significant change. Resulting in that the Network can go back to normal paging without repetitions or the network needs to use CE repetitions in order to successfully page the UE.

Proposal 2: The UE only performs CE-level update when moving in and out of coverage enhancement mode.
Proposal 3: The UE performs CE-level update prior to, but in conjunction with the scheduled paging occasion/paging window, allowing the network time to adjust the CE-level if desired.
If the UE is in coverage enhancement mode then, the network can decide to either page the UE using the stored CE-level, or by using the maximum CE-level to maximize the likelihood of successful paging, or staged CE-levels as proposed in solution 7 in TR23.720 if the connection time is not so important. The final decision which CE-level to be used can e.g be based on subscription priority, eDRX value, UE mobility history and/or paging resource utilization. The algorithm for deciding the “optimum” CE-level can be network implementation specific.
Conclusion
The observations and proposals related to Coverage Enhancement and eDRX coexistence are the following:
Observation 1: It is important to page the CIoT device at correct CE-level when the CIoT device is in eDRX mode, due to the long cycles.
Observation 2: A CIoT device operating in coverage enhancement mode will be able to detect if the CE-level have changed during the re-synchronization phase.
Observation 3: After the re-synchronization phase, the CIoT device has the possibility to update the MME if the CE-level needs to be changed in order to successfully page the UE.

Proposal 1: Update the CE-level in combination with the “paging area” update by adding CE-level as a parameter in the request message.

Proposal 2: The UE only performs CE-level update when moving in and out of coverage enhancement mode.
Proposal 3: The UE performs CE-level update prior but in conjunction with the scheduled paging occasion/paging window, allowing the network time to adjust the CE-level if desired.

Proposal

It is proposed capture in TR 23.720 the text. 
>>>Start Changes<<<
6.x
Solution X: UE based Coverage Enhancement level update combined with eDRX

6.x.1
Description
The main idea with this solution is to optimize network usage of paging resources and enhance the likelihood of successful paging in eDRX for CIoT devices supporting both eDRX and coverage enhancement.

A CIoT device supporting both eDRX and coverage enhancement shall evaluate and estimate the CE-level while re-synchronizing to the network after a eDRX cycle. If the CE-level has significantly been changed, the UE updates the network with the new CE-level estimation using the TAU procedure by adding the CE-level as an element in the request message. Moving in and out of coverage enhancement is an example of significant change. The CE-level estimation and update shall to be done prior to, but in conjunction with the next expected paging occasion/paging window, allowing the network time to adjust the CE-level if desired. 
The actual CE-level used by the network during the paging occasion/paging window can be implementation specific.
6.x.2
Impacts on existing nodes and functionality
Impacts on UE:

-
Support of CE-level estimation while re-synchronizing to the network after a eDRX cycle. 
-
Support providing and updating CE-level as an element during Attach/TAU procedure.

Impact on RAN:
-
No impact
Impacts on MME 

-
Support receiving CE level estimation updates provided by the UE.
6.x.3
Solution Evaluation

Editor's Note: Use this section for evaluation at solution level. Evaluation at key issue level is done in a separate clause.
>>>End of Changes<<<[image: image1.png]



3GPP

SA WG2 TD


