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Abstract: This discussion paper aims at discussing the system impact of UE specific DRX for NB-IoT in EPS and 5GS. The solution of UE specific DRX for NB-IoT is also proposed.
1. Introduction
As indicated in LS S2-1908773 [1], TSG RAN has agreed to study how to support UE specific DRX for NB-IoT in the WID on Rel-16 enhancements for NB-IoT. The UE specific DRX for NB-IoT in EPS and 5GS were discussed in SA2#135 meeting, and the 23.501 CR1849R1 S2-1910312 [2] on introduction of UE specific DRX for NB-IoT in 5GS was approved.
This paper is proposed to discuss the system impacts of support UE specific DRX for NB-IoT in EPS, and proposed a solution to resolve the issues identified in S2-1909569 [3] on UE specific DRX for NB-IoT. The support of UE specific DRX for NB-IoT in 5GS is also further discussed.
2. Discussion
2.1 EPS impacts

As discussed in S2-1909569 [3], the following system impacts of supporting UE specific DRX for NB-IoT will be introduced:

· Observation 1: Using legacy mechanism for UE specific DRX selection can lead to increased UE power consumption for no latency reduction.

· Observation 2: UE shall provide in NAS (Attach/TAU) UE specific DRX parameters specific to NB-IoT

· Observation 3: MME shall provide indication whether it has accepted the UE specific DRX parameters for NB-IoT.

· Observation 4: For NB-IoT we would need to define set of UE specific DRX values same as those supported for NB-IoT cell specific DRX values (1.28, 2.56s).

· Observation 5: The specification effort required in SA2/CT1 specification is more than “alignment” and simply removal of some of the existing restrictions. 
For Observation 1, the backwards compatibility issue needs to be addressed, otherwise it can lead to increased UE power consumption when the serving cell and/or core network does not support UE specific DRX.

For Observation 2 and 4, the UE specific DRX value is mainly related to the some factors regardless of the RAT or the serving eNB, e.g. latency requirement of service, power saving requirements. Thus, there is no requirement for UE to request different UE specific DRX parameter for different RAT, and a single UE specific DRX parameter applied for all RAT is enough. The UE specific DRX values can also be different with the NB-IoT cell specific DRX values.
For Observation 3, the NAS impacts depend on the solution. The UE can knows whether it has accepted the UE specific DRX parameters for NB-IoT from eNB RRC message.

For Observation 5, the detailed specification effort depends on the solution.
2.2 Proposed solution for EPS
The concept of the proposed solution is as following:

· The UE requests UE specific DRX parameter during Attach/TAU procedure for both WB-EUTRA and NB-IoT. A single UE specific DRX parameter for all RAT is enough, there is no such requirement for UE to request different UE specific DRX parameter for different RAT.
· The UE provides the UE Radio Paging Information to the eNB with a new indication to indicate whether the UE supports the UE specific DRX for NB-IoT or not. And the eNB uploads the UE Radio Capability for Paging Information with the new indication to the MME.
· The MME stores the received UE specific DRX parameter and UE Radio Capability for Paging Information in the MME context. When it needs to page, the MME provides the UE specific DRX parameter and UE Radio Capability for Paging Information to the eNB as part of the S1 paging message.
· The eNB determines whether the UE specific DRX parameter shall be used based on the indication within the UE Radio Capability for Paging Information. 
· The eNB also broadcasts the supporting of UE specific DRX for NB-IoT in the SIB message.
· The UE determines whether the UE specific DRX parameter shall be used base on indication within the SIB message.
The procedure of the proposed solution is depicted in Figure 1.
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Figure 1 Proposed UE Specific DRX for NB-IoT
The case studies of the proposed solution are as following:
Case 1: Rel-16 UE and eNB with supporting of UE specific DRX for NB-IoT

eNB side: eNB knows that the UE supports the UE specific DRX for NB-IoT based on the indication within the UE Radio Capability for Paging Information, and determine to apply the UE specific DRX value for the UE.

UE side: UE knows that the eNB supports the UE specific DRX for NB-IoT based on the indication within the SIB message, and determine to apply the UE specific DRX value.

Result: the solution can work in this case. Both UE and eNB apply the UE specific DRX value for the UE. 

Case 2: legacy UE without supporting of UE specific DRX for NB-IoT, and Rel-16 eNB with supporting of UE specific DRX for NB-IoT.
eNB side: eNB knows that the UE can’t support the UE specific DRX for NB-IoT based on the UE Radio Capability for Paging Information (i.e. no additional indication included), and determines to apply the NB-IoT cell specific DRX value for the UE.

UE side: UE determines to apply the NB-IoT cell specific DRX value as normal.

Result: the solution can work in this case. Both UE and eNB apply the NB-IoT cell specific DRX value for the UE. 
Case 3: Rel-16 UE with supporting of UE specific DRX for NB-IoT, and legacy eNB without supporting of UE specific DRX for NB-IoT.
eNB side: eNB determines to apply the NB-IoT cell specific DRX value for the UE as normal.

UE side: UE determines to apply the NB-IoT cell specific DRX value based on the received SIB message from eNB (i.e. no additional indication included).

Result: the solution can work in this case. Both UE and eNB apply the NB-IoT cell specific DRX value for the UE.

Based on the above case studies, it can be observed that the proposed solution can work well with the following system impacts:

(1) MME:

· Stores the received UE specific DRX parameter and UE Radio Capability for Paging Information in the MME context, and forwards them to eNB via paging procedure. It is normal handling for MME and no further enhancements is introduced.
(2)  UE:

· Provides the UE Radio Paging Information to the eNB with a new indication to indicate whether the UE supports the UE specific DRX for NB-IoT or not.
· Determines whether the UE specific DRX parameter shall be used base on indication within the SIB message.
(3) eNB:

· Determines whether the UE specific DRX parameter shall be used based on the indication within the UE Radio Capability for Paging Information. 

· Broadcasts the supporting of UE specific DRX for NB-IoT in the SIB message.
2.3 5GS solution enhancement
The 23.501 CR1849R1 S2-1910312 [2] on introduction of UE specific DRX for NB-IoT in 5GS was approved with the following system impacts:

· The UE shall include its preferred UE specific DRX values consistently in every Initial Registration and Mobility Registration procedure separately for NR/WB-EUTRA and NB-IoT.

· The AMF shall respond to the UE with the Accepted DRX parameters separately for NR/WB-EUTRA and NB-IoT.

The UE specific DRX values separately for NR/WB-EUTRA and NB-IoT makes complex handling for UE and AMF. As discussed in clause 2.1 and 2.2, there is no requirement for UE to request different UE specific DRX parameter for different RAT, and a single UE specific DRX parameter applied for all RAT is enough. 

This paper proposed that:
· The UE shall include its preferred UE specific DRX values consistently in every Initial Registration and Mobility Registration procedure for both NR/WB-EUTRA and NB-IoT.
· The AMF shall respond to the UE with the Accepted DRX parameters for both NR/WB-EUTRA and NB-IoT.
3. Conclusion and proposal(s)
It is proposed to support UE specific DRX for NB-IoT in EPS with the following concepts:
· The UE requests UE specific DRX parameter during Attach/TAU procedure for both WB-EUTRA and NB-IoT. 
· The UE provides the UE Radio Paging Information to the eNB with a new indication to indicate whether the UE supports the UE specific DRX for NB-IoT or not. And the eNB uploads the UE Radio Capability for Paging Information with the new indication to the MME.

· The MME stores the received UE specific DRX parameter and UE Radio Capability for Paging Information in the MME context. When it needs to page, the MME provides the UE specific DRX parameter and UE Radio Capability for Paging Information to the eNB as part of the S1 paging message.
· The eNB determines whether the UE specific DRX parameter shall be used based on the indication within the UE Radio Capability for Paging Information. The eNB also broadcasts the supporting of UE specific DRX for NB-IoT in the SIB message.

· The UE determines whether the UE specific DRX parameter shall be used base on the indication within the SIB message.
For UE specific DRX for NB-IoT in 5GS, the following enhancements is proposed:

· The UE shall include its preferred UE specific DRX values consistently in every Initial Registration and Mobility Registration procedure for both NR/WB-EUTRA and NB-IoT.
· The AMF shall respond to the UE with the Accepted DRX parameters for both NR/WB-EUTRA and NB-IoT.
4. References

[1] S2-1908773, LS on Rel-16 NB-IoT enhancements, RAN #85, Newport Beach, USA, September 2019
[2] S2-1910312, TS 23.501 CR1849R1: Introduction of UE specific DRX for NB-IOT, SA2#135, Split, Croatia, October 2019
[3] S2-1909569, On UE specific DRX for NB-IoT, SA2#135, Split, Croatia, October 2019
[image: image2.png]



UE





eNB





MME





S1AP Paging (Paging DRX, UE Radio Capability for Paging)





Attach/TAU Accept





Attach/TAU Request (UE specific DRX value)





Attach/TAU Request (UE specific DRX value)





S1AP: UE Radio Capability for Paging Information





RRC: UE Radio Paging Information (indication)





Attach/TAU Accept





Stores the received UE specific DRX parameter and UE Radio Capability for Paging Information in the MME context.





Determines whether the UE specific DRX value shall be used based on the indication within the UE Radio Capability for Paging.





SIB: indicate supporting of UE specific DRX for NB-IoT





Paging





Determines whether the UE specific DRX value shall be used based on the indication within the SIB message.








3GPP

SA WG2 TD


