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1	Introduction
A revision of Rel-16 WID item on additional enhancements for NB-IoT was approved at RAN#86 [1]. One new objective to improve latency by introducing UE specific DRX in NB-IoT was added:
Improved latency:
Specify support of UE specific DRX and consider expanding the current DRX range [RAN2, SA2, CT1]

In parallel, a LS [2] was sent to SA2 and CT1 to ask them to consider aligning their specifications accordingly. SA2 has agreed to support UE specific DRX in both EPC and 5GC. For 5GC, a corresponding SA2 CR has been agreed in [3]. For EPC, two options were discussed in SA2 and a LS [4] was sent to RAN2/CT1/RAN3 to ask for feasibility and preference.

In this paper, we discuss the RAN3 aspects of the two options for supporting UE specific DRX for NB-IoT and provide our preferred solution.
2	Discussion
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296][bookmark: OLE_LINK430][bookmark: OLE_LINK431]2.1 UE specific DRX in 5GC
SA2 agreed to support UE specific DRX in NB-IoT in 5GC, where the UE shall include different values for NR/WB-EUTRA and NB-IoT during registration procedure. This corresponds to EPC option 2 in the LS (described below). 
Based on the received UE specific DRX parameter, the AMF shall determine the accepted DRX parameters and respond to the UE with the Accepted DRX parameters separately for NR/WB-EUTRA and NB-IoT, subject to operator policy. 
This is the current existing behaviour for NAS interaction between UE and AMF. An impact that is however foreseen to RAN3 NGAP specification would be to extend the current value range for Paging DRX IE, defined in 9.3.1.90 of TS 38.413, to support NB-IoT DRX, i.e., by adding “v512” and “v1024”.
Observation 1: Support of UE specific DRX in NB-IoT in 5GC is based on existing NAS functionality, but an extension to Paging DRX IE in TS 38.413 is required
We propose a TP for BL CR#120 “Introduction of NB-IoT Paging and eDRX aspects” to extend the paging DRX for NB-IoT in [5]. Note an FFS based on whether RAN2/CT1 will decide use or not the same DRX value range.
Proposal 1: agree the TP for BL CR #120 in [5].
2.2 UE specific DRX in EPC
Two options have been discussed in SA2 and both options have been included in the LS to ask RAN3, among other WGs, for feasibility and preference.
Option 1. UE specific DRX is common for all RAT types
In this option, the UE specific DRX value and value range are the same for WB-E-UTRA and NB-IoT. The procedure of this option is described in the LS as below:
	Option 1, based on the assumption that the UE specific DRX is common for all RAT types, i.e., the UE specific DRX value and value range are the same for WB-E-UTRA and NB-IoT. With this approach, in SA2’s understanding, there is no NAS impact, but the RAN related enhancement is needed as below:
· The UE requests UE specific DRX parameters 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. 
· Using the existing behavior 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 is based on the indication within the SIB message.



Option 2. UE specific DRX is RAT specific
In this option, the UE can report up to 2 UE specific DRX values to the MME, i.e. one value used for WB-EUTRA (which has already been supported by the current specification) and one value for NB-IoT. The procedure of this option is similar to 5GC case and in described in the LS as below:
	Option 2, based on the assumption that UE specific DRX is RAT specific. With this approach, in SA2’s understanding, there is impact on EPS NAS and RAN as below:
· UE can propose a DRX cycle length for use separately for WB-EUTRA and NB-IoT in different IEs. 
· The MME shall determine Accepted DRX parameters based on the received UE Specific DRX parameters and the MME should accept the UE requested values, but subject to operator policy the MME may change the UE requested values. 
· The MME shall respond to the UE with the Accepted DRX parameters separately for WB-EUTRA and NB-IoT.
· The UE determines whether the UE specific DRX parameter shall be used is based the negotiation and awareness of whether the camping cell supports UE specific DRX.



The impacts required by these two options are summarised as follows:
· To support option 1, one value common for NB-IoT and WB-EUTRA is used, as a consequence, the value range of the Paging DRX in S1AP needs to be extended to support NB-IoT DRX.
· To support option 2, separate values for NB-IoT and WB-EUTRA are used and a new procedure for the MME to change the UE requested values is needed. Thus, a new IE for NB-IoT UE specific DRX cycle needs to be introduced in S1 paging message. Note that, same as above, the value of Paging DRX in S1AP needs to be extended to support NB-IoT DRX.

Observation 2: regardless of whichever option to support NB-IoT specific UE DRX, Paging DRX needs to be extended in S1AP. 
Therefore, a clear impact in RAN3 specification, regardless of which option will be selected, is that an extension to Paging DRX IE in 9.2.1.16 in TS 36.413 is needed 
Proposal 2: Update the Paging DRX IE defined in 9.2.1.16 in TS 36.413 with NB-IoT DRX extension
A TP is proposed here below for agreement.
Regarding the preference between the two options, option 2 at first glance has more RAN3 impacts. However, looking at option 1 description, it is understood that the eNB uploads the new indication to MME, which will store it in the MME context before the time of paging. An issue that may arise is when the MME does not support the feature, e.g., in Multi Operator CN scenario. In this case, it may be impossible for the UE to know if the MME supports it, since there will be no response indication from MME (i.e., no NAS accept message from MME to UE, as exists in option 1 and 5GC solution).
Observation 3: In case of MOCN scenario, where one MME does not support the feature, it might be impossible for the UE to get a response message from MME after it has sent its preferred UE specific DRX
In Option1, in case the MME does not support the feature and without any acknowledgment from the MME, the value of UE specific DRX will not be included in S1 paging request to eNB and thus, the UE will be fated to monitoring paging occasions that are not in line with its UE specific cycles; when they will actually be no signalling at all from eNB.
Observation 4: Option 1 may harm UE battery life when monitoring paging cycles when they will actually be no signaling.
Therefore, a NAS indication is needed for the NB-IoT UE specific DRX to work correctly. We remark that this is already present in Option 2. Option 2 can hence be considered a more robust solution than option 1 in scenarios where MME does not support the feature. Note that Option 2 will also align with the supported 5GS solution for UE-specific DRX in NB-IoT. Hence, it constitutes a cleaner implementation-wise.
Observation 5: Option 2 is a more robust and cleaner implementation-wise solution than Option 1
Besides, there could be no need to introduce a new IE for NB-IoT UE specific DRX cycle in S1 Paging message, if CT1 and RAN2 have not agreed to introduce separate values. The sole RAN3 required change will be the extension of the Paging DRX IE and both options will thus be equal in terms of specifications impacts. 
Overall, we have a slight preference for Option2, but since RAN3 is not part of the impacted companies, we should wait for other working groups like RAN2 and CT1 to communicate on their preferences based on their respective studies.
Proposal 3: RAN3 to acknowledge the benefits of Option 2 and to wait further input from CT1 and RAN2 on their preferred option
[bookmark: _Hlk20240518]3	Conclusion
In this paper, we have discussed some general RAN3 impacts related to support of UE-specific DRX for NB-IoT in EPS and 5GS. The following points were brought up:
FOR 5GS:
Observation 1: Support of UE specific DRX in NB-IoT in 5GC is based on existing NAS functionality, but an extension to Paging DRX IE in TS 38.413 is required
Proposal 1: agree the TP for BL CR #120 in [5].
FOR EPS:
Observation 2: for whichever option to support NB-IoT specific UE DRX, Paging DRX needs to be extended in S1AP. 
Proposal 2: Update the Paging DRX IE defined in 9.2.1.16 in TS 36.413 with NB-IoT DRX extension
Observation 3: In case of MOCN scenario, where one MME does not support the feature, it might be impossible for the UE to get a response message from MME after it has sent its preferred UE specific DRX
Observation 4: Option 1 may harm UE battery life when monitoring paging cycles where they will actually be no signaling.
Observation 5: Option 2 is a more robust and cleaner implementation-wise solution than Option 1
Proposal 3: RAN3 to acknowledge the benefits of Option 2 and to wait further input from CT1 and RAN2 on their preferred option
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5	TP to BL CR #1682: extension of Paging DRX IE
START OF CHANGES
[bookmark: _Toc29504871][bookmark: _Toc29504287][bookmark: _Toc29503703][bookmark: _Toc20955254]9.2.1.16	Paging DRX
This IE indicates the Paging DRX as defined in TS 36.304 [20].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Paging DRX
	M
	
	ENUMERATED (32, 64, 128, 256, 512, 1024…) (FFS)
	



EN: FFS whether RAN2 will use the same value range for WB-EUTRA and NB-IoT.

NEXT CHANGE
PagingDRX ::= ENUMERATED {
	v32,
	v64,
	v128,
	v256,
	v512,
	v1024
	...
}

END OF CHANGEs

