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1 Introduction

LS from TSG RAN S2-1908773 [1] highlighted that TSG RAN agreed to add the following objective the WID on Rel-16 enhancements for NB-IoT: 

· Specify support of UE specific DRX and consider expanding the current DRX range [RAN2, SA2, CT1]
TSG RAN would like to emphasize the above is expected whether NB-IoT is used in EPS or in 5GS.

TSG RAN would like to kindly ask SA2 and CT1 to consider aligning their specifications accordingly and to coordinate with RAN2 as necessary. 

This paper is going to investigate the system impacts for using UE specific DRX for NB-IoT in EPS and 5GS respectively.
2 Discussion

2.1 EPS impacts

An overview of UE specific DRX mechanism as is currently defined for WB-EUTRAN but not NB-IoT 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 Attach/TAU message sent to the MME. The current UE specific DRX parameters allows for separate values for A/Gb mode, Iu mode and S1 mode.  
Step 2:
Core network (e.g. MME) is mandated to accept the UE specific DRX parameters provided by the UE. If the UE sends TAU to update some of its UE specific DRX parameters that apply to another mode (e.g. Iu) the MME updates the stored parameters in UE context and passes it to target core network node in case of inter-system mobility.
Step 3:
When MME needs to page the UE, it sends to the RAN the paging message and the UE specific DRX parameters that apply to this specific mode (e.g. when paging in S1 sends the S1 related 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 parameters 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 WB-EUTRAN because UE specific DRX was optional for the UE to signal, but mandatory for the network to support. 
For NB-IoT (NB-S1 mode) UE specific DRX is currently NOT supported. In fact a UE signalling  UE specific DRX over NB-IOT is still allowed in TS 23.401 [3] but the MME will interpret that to apply to WB-EUTRAN and override whatever it may have stored for WB-E-UTRAN previously. Since there is only one IE (currently used for WB-EUTRAN) it is not clear how a legacy MME can differentiate between UE specific DRX values of NB-IOT and WB-EUTRAN. In order to introduce UE specific DRX this 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. 
Also currently defined DRX parameters IE [2] allows only a single value for S1 mode which means that the UE can only have a single value for WB-EUTRA and NB-IoT. 
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.

In NB-IoT the following cell specific DRX values are supported: 1.28, 2.56, 5.12, 10.24s.

In WB-EUTRA the following UE specific DRX values are currently 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 should 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. Limiting though the UE specific DRX values for NB-IoT to 1.28 and 2.56s does not avoid NAS impacts because the MME will still need to send confirmation to UE that the UE specific DRX over NB-IOT is accepted. In order to do that some signalling from the UE (UE capability) will be needed for the MME to send this “confirmation” in Attach/TAU Accept and send UE specific DRX parameters to eNB via S1. Such solution will still have the disadvantage that UE specific DRX values for NB-IOT and WB-E-UTRAN may need to be different. For example 2.56s may be acceptable for NB-IOT but not for WB-E-UTRAN that needs to support VoLTE. 
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).
Given the above, a UE would only use cell specific DRX if (a) NAS has negotiated UE specific DRX value for NB-IoT, and (b) cell support UE specific DRX for NB-IoT.

Observation 5: The specification effort required in SA2/CT1 specification is more than “alignment” and simply removal of some of the existing restrictions stated in [5].

Given SA2 has not studied the above in rel.16, it would require some time to study. Also it is questionable whether due to “continuously roaming UE” whether it will be realistic to develop applications that rely on UE specific DRX values in EPS since there will be no guarantee in HPLMN that the serving PLMN will support the feature. 

Proposal 1: For EPS do not introduce UE specific DRX for NB-IoT in Release 16.
2.2 5GS impacts

For 5GS the equivalent procedures and restrictions for NB-IoT apply as the ones in EPS described in clause 2.1 and they are documented in TS 23.501 [6]. In 5GS though the AMF is required to respond to the UE with the “accepted” DRX parameters as defined in clause 5.4.5 of [6]: 

The AMF shall determine Accepted DRX parameters based on the received UE specific DRX parameters and the AMF should accept the UE requested values, but subject to operator policy the AMF may change the UE requested values.

The AMF shall respond to the UE with the Accepted DRX parameters.

Also connectivity of NB-IoT in 5GC is not deployed yet and therefore there is no backwards compatibility to handle. It is therefore easier to introduce UE specific DRX parameters for NB-IoT. 
In more detail for 5GS: 

Proposal 2: UE shall provide in NAS (Registration Update Request) UE specific DRX parameters specific to NB-IoT.

Proposal 3: AMF shall provide indication whether it has accepted the UE specific DRX parameters for NB-IoT (as it is currently does for other RATs).

3 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: 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 stated in [5].

Proposal 1: For EPS do not introduce UE specific DRX for NB-IoT in Release 16.

Proposal 2: UE shall provide in NAS (Registration Update Request) UE specific DRX parameters specific to NB-IoT.

Proposal 3: AMF shall provide indication whether it has accepted the UE specific DRX parameters for NB-IoT (as it is currently does for other RATs).
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