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Introduction
Rel-16 WIDs item on additional enhancements for NB-IoT was approved at RAN#80 and revised at RAN#81, RAN#82, RAN#83, RAN#84 and RAN#85 [1]. One new objective to improve latency by introducing UE specific DRX in NB-IoT was added in the latest WID revision:
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.
In the last meeting, UE specific DRX was discussed in RAN2. Some issues were raised and there was no consensus on how to support UE specific DRX in NB-IoT.
In this document, we further discuss the RAN2 impact to introduce UE specific DRX for NB-IoT.
Discussion
Backward compatibility issue
In the current SA2 specification, the description of UE specific DRX is described in TS 23.401 as following:
	During the Attach procedure in E-UTRAN, UTRAN and/or GERAN, the UE can signal its UE Specific DRX Parameters to the Core Network (MME in the E-UTRAN case and SGSN in UTRAN/GERAN case).
In E-UTRAN and UTRAN, the UE may signal that it wishes to use the DRX cycle length broadcast in the RAN's System Information. Alternatively, the UE can propose a DRX cycle length for use when not camped on an NB-IoT cell. The MME shall accept the value proposed by the UE.
In each S1 interface Page Request message, the MME shall send the E-UTRAN relevant information from the UE Specific DRX Parameters (to help determine the DRX cycle length) and information derived from the IMSI (which defines when the UE will be awake from its sleep mode). Details are specified in TS 36.304 [34]. The UE Specific DRX parameter is not used by the E-UTRAN for paging from NB-IoT cells (see TS 36.304 [34]).
NOTE 1:	To ease backward compatibility with Pre-Release 8 SGSNs, the UTRAN and E-UTRAN DRX cycle lengths are encoded in the same field within the TS 24.008 [47] DRX parameter information element.
At MME to MME, MME to SGSN and SGSN to MME mobility, the UE Specific DRX Parameters are sent from the old CN node to the new CN node as part of the MM context information and should not be sent by the UE in the Tracking Area Update message.
NOTE 2:	it is assumed that all SGSNs are Release 99 or newer and hence support storage of the Release '99 encoding of the TS 24.008 [47] DRX parameter information element.
During Attach and Tracking Area Update procedures performed on NB-IoT cells, the normal EPS procedures apply, e.g. the UE can (but need not) provide a UE Specific DRX parameter that applies on WB-E-UTRAN cells.



According to above specification, we can make the following observations on UE specific DRX for legacy NB-IoT, i.e. Rel-13/14/15:
· It is already possible for a legacy NB-IoT to signal UE specific DRX cycle in Attach procedure to the MME
· Upon reception of the UE specific DRX cycle for the NB-IoT UE, the MME shall accept the value and send it to the eNB in S1 paging message, regardless the RAT of the cell
· It is already possible for a legacy NB-IoT eNB to receive UE specific DRX cycle in the S1 paging message.
· For a NB-IoT cell, both the UE and the eNB will not use the UE specific DRX cycle (if any) according to TS 36.304.

Observation 1: For legacy NB-IoT:
· It is possible for the UE to signal UE specific DRX cycle in Attach procedure to the MME.
· It is possible for the eNB to get the UE specific DRX cycle in S1 paging message.
· The UE and the eNB will not use UE specific DRX cycle in a NB-IoT cell as required by TS 36.304.

According to TS 23.401, the intention of the UE specific DRX cycle signaled by legacy NB-IoT UE in attach procedures and received by the eNB in S1 paging message if for WB-E-UTRAN cells:
	During Attach and Tracking Area Update procedures performed on NB-IoT cells, the normal EPS procedures apply, e.g. the UE can (but need not) provide a UE Specific DRX parameter that applies on WB-E-UTRAN cells.



In order to support UE specific DRX in NB-IoT cell in Rel-16, the following two issues need to be addressed:
· Issue1: For a new eNB, upon reception of the UE specific DRX cycle in S1 paging message, the eNB needs to know whether the UE intends to use UE specific DRX cycle in NB-IoT cell.
· Issue 2: For a new UE which has signalled UE specific DRX to the MME, when camping on a NB-IoT cell, the UE needs to know whether UE specific DRX cycle will be used in NB-IoT.

For Issue 1, an AS UE capability needs to be introduced and included in UE-RadioPagingInfo-NB-r13. 
For Issue 2, 1 bit indication in SIB2-NB can be introduced to indicate whether UE specific DRX is used in the cell.
Based on above, the conditions for a NB-IoT UE to use UE specific DRX are:
· The UE supports UE specific DRX; and
· UE specific DRX cycle has been signalled to the MME; and
· UE specific DRX is enabled in the NB-IoT cell.

The conditions for the eNB to page the UE in a NB-IoT cell using UE specific DRX are:
· The UE supports UE specific DRX, according to UERadioPagingInformation-NB in S1 paging message; and
· UE specific DRX cycle is received in S1 paging message; and
· UE specific DRX is enabled in the NB-IoT cell.

Proposal 1: AS UE capability on support of UE specific DRX in NB-IoT cell is introduced and included in UE-RadioPagingInfo-NB-r13.
Proposal 2: Support of UE specific DRX in the cell is indicated in SIB2-NB.
PO overlapping and fractional nB
PO overlapping
In NB-IoT, cell specific DRX cycle has been extended to avoid PO overlapping when large repetition number is configured for CSS. When large PDCCH repletion number is configured and UE specific DRX is used, PO overlapping may exist. We think it is up to eNB implementation to address PO overlapping issue. Assuming PO1 (earlier) and PO2 (later) are overlapped, the eNB only pages the UEs associated with PO2 when there is no paging with large repetition number ongoing for PO1. Note that the same issue exists in eMTC in which UE specific DRX is mandatory supported.
Proposal 3: It is up to eNB implementation to address PO overlapping issue, similarly to eMTC.

Fractional nB
Fractional nB value issue has been discussed in eMTC for about half year. Finally companies agreed to leave it to NW implementation, i.e. it is up to the NW to provide proper configuration to avoid this issue. We do not see any difference on this issue between NB-IoT and eMTC. Thus, we think fractional nB value issue can be avoided by NW implementation in NB-IoT also.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Proposal 4: It is up to NW implementation to provide proper configuration to avoid fractional nB issues, similarly to eMTC.
EPC and 5GC
In the LS from RAN plenary, it is clearly indicated that UE specific DRX should be supported in both EPC and 5GC. Above analysis are common for both EPC and 5GC. With proposal 1 to 3, UE specific DRX can be supported in both EPC and 5GC from RAN2 point of view.
Proposal 5: From RAN2 point of view, UE specific DRX is supported in both EPC and 5GC with the same changes in Uu interface.
Extension of value range for UE specific DRX cycle
As part of the added objective, it is mentioned to consider expanding the current DRX range. The value range of UE specific DRX cycle is transparent in RAN2 specifications. The value is negotiated by the UE in the NAS signaling and sent from the MME to the eNB via the S1 interface. The value extension should be discussed and specified (if needed) in SA2/CT1/RAN3.
Proposal 6: It is up to SA2/CT1/RAN3 to decide whether and how to extend the value range of UE specific DRX cycle.
Conclusion
In this document, we have discussed the RAN2 impact to support UE specific DRX in NB-IoT. Corresponding proposals are listed as follows:
Proposal 1: AS UE capability on support of UE specific DRX in NB-IoT cell is introduced and included in UE-RadioPagingInfo-NB-r13.
Proposal 2: Support of UE specific DRX in the cell is indicated in SIB2-NB.
Proposal 3: It is up to eNB implementation to address PO overlapping issue, similarly to eMTC.
Proposal 4: It is up to NW implementation to provide proper configuration to avoid fractional nB issues, similarly to eMTC.
Proposal 5: From RAN2 point of view, UE specific DRX is supported in both EPC and 5GC with the same changes in Uu interface.
Proposal 6: It is up to SA2/CT1/RAN3 to decide whether and how to extend the value range of UE specific DRX cycle.

Draft CRs related to proposal 1 and 2 are provided in [3]-[6].
References
RP-192313, “WID revision: Additional enhancements for NB-IoT”, Futurewei, RAN#85 Newport Beach, USA, Sep. 16-20, 2019
RP-192338 “LS on NAS impact of UE specific DRX for NB-IoT”, RAN, RAN#85 Newport Beach, USA, Sep. 16-20, 2019
R2-1915303, “Introduction of UE specific DRX for NB-IoT in 36.300”, Huawei, RAN2#108, Reno, Nevada, USA, 18 - 22 November 2019
R2-1915304, “Introduction of UE specific DRX for NB-IoT in 36.304”, Huawei, RAN2#108, Reno, Nevada, USA, 18 - 22 November 2019
R2-1915305, “Introduction of UE specific DRX for NB-IoT in 36.306”, Huawei, RAN2#108, Reno, Nevada, USA, 18 - 22 November 2019
[bookmark: _GoBack]R2-1915306, “Introduction of UE specific DRX for NB-IoT in 36.331”, Huawei, RAN2#108, Reno, Nevada, USA, 18 - 22 November 2019


	4/4	
