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Discussion and decision
1 Introduction
The Rel 16 work-items for NB-IoT [1] enhancements include the following (new) objective:
· Specify support of UE specific DRX and consider expanding the current DRX range [RAN2, SA2, CT1]
This paper identifies the system level impacts of this objective.

2 Discussion
2.1 System level view
An overview of UE specific DRX mechanism is depicted in Figure 1.
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Figure 1 UE Specific DRX setting call flow
Step 1: 
UE provides the specific DRX that it will use in the registration (update) message sent to core network.
Step 2:
Core network (e.g. MME) accepts the registration (update).
Step 3:
When core network needs to page the UE, it sends to the RAN the paging message and the UE specific DRX parameters. RAN, using UE specific DRX parameter and other parameters related to paging, determines when to send the paging message over the radio interface.
Step 4:
UE, using its UE specific DRX parameter and other cell specific DRX parameters related to paging (received in SIB1), determines when to receive the paging message over the radio interface.

The UE specific DRX parameter selection as described above does not actually perform negotiation neither at NAS or nor at AS level before UE and RAN use the UE specific DRX parameters (see [3]). This approach worked in LTE because UE specific DRX was optional for UE but mandatory for network to support. NB-IoT currently does not support UE specific DRX hence this can lead to increased UE power consumption when the serving cell and/or core network does not support UE specific DRX. Note in 5G NAS a UE specific DRX is negotiated at NAS level (i.e. network can override the UE requested UE specific DRX value) (see [4]).
Observation 1: 
Using legacy mechanism for UE specific DRX selection can lead to increased UE power consumption for no latency reduction 

Proposal 1: At NAS level UE should receive indication whether core network accepted or rejected UE specific DRX.

In NB-IoT the following cell specific DRX values are supported: 1.28, 2.56, 5.12, 10.24s.
In LTE the following UE specific DRX values are supported [2]: 0.32, 0.64, 1.28, 2.56.

In general, the set of UE specific DRX values are same as the set of cell specific DRX values. Given the above two sets, NAS would either limit the set of UE specific DRX values for NB-IoT to be 1.28 and 2.56 sec or define new set of UE specific DRX values for NB-IoT.
Proposal 2: For NB-IoT define set of UE specific DRX values same as those defined for NB-IoT cell specific DRX values.

For eMTC, RAN2 had identified a potential issue with UE specific DRX where PO for one UE overlaps with the next PO due to high number of repetitions required in extended coverage. After extensive discussion no solution was agreed, largely due to the fact that network has to manage legacy eMTC UEs. The PO overlap issue can result in NB-IoT with UE specific DRX and for NB-IoT it should be addressed.
Proposal 3: For NB-IoT define solution to avoid PO overlap due to increased number of repetitions required in extended coverage.

Given the above, a UE would only use cell specific DRX if (a) NAS has negotiated UE specific DRX value, and (b) cell support UE specific DRX.
Observation 2: 
Greater specification effort required in SA2/CT1 specification than in RAN2 specification to support UE specific DRX in EPC for NB-IoT.
By comparison, less effort is needed to support UE specific DRX for NB-IoT in 5GC in all working groups (i.e. SA/CT1 only need to introduce new IE for NB-IoT specific DRX values, RAN2 does not need to handle backwards compatibility issue). 

Proposal 4: For NB-IoT introduce UE specific DRX only for 5GC from Release 16.
Another aspect that SA2/CT1 needs to consider any impact of UE specific DRX on mobility between NB-IoT and E-UTRAN.

Before RAN2 agrees to any changes to RAN2 specifications it is necessary to consult SA2/CT1 on this topic.
Proposal 5: Send LS to SA2/CT1 to highlight the identified issues and request feedback.

Summary

This document discusses the system level impacts of supporting UE specific DRX for NB-IoT and make the following observation & proposals:
Observation 1: 
Using legacy mechanism for UE specific DRX selection can lead to increased UE power consumption for no latency reduction 

Observation 2: 
Greater specification effort required in SA2/CT1 specification than in RAN2 specification to support UE specific DRX in EPC for NB-IoT.
Proposal 1: At NAS level UE should receive indication whether core network accepted or rejected UE specific DRX.

Proposal 2: For NB-IoT define set of UE specific DRX values same as those defined for NB-IoT cell specific DRX values.

Proposal 3: For NB-IoT define solution to avoid PO overlap due to increased number of repetitions required in extended coverage.

Proposal 4: For NB-IoT introduce UE specific DRX only for 5GC from Release 16.
Proposal 5: Send LS to SA2/CT1 to highlight the identified issues and request feedback. A draft LS is provided in [5].
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