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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 this document, we discuss the RAN2 impact to introduce UE specific DRX for NB-IoT.
Discussion
Support of UE specific DRX in RAN2 specifications
Since UE specific DRX is an existing mechanism in legacy LTE and eMTC, it is already described in the specification. In Rel-13 NB-IoT, several notes were added to exclude NB-IoT to use UE specific DRX. Thus, the RAN2 impact due to introduction of UE specific DRX is very simple.
In TS36.300:
	[bookmark: _Toc12642659]10.1.4	Paging and C-plane establishment
Paging groups (where multiple UEs can be addressed) are used on PDCCH:
-	Precise UE identity is found on PCH;
-	DRX configurable via BCCH and NAS, for NB-IoT DRX configurable via BCCH only;
-	Only one subframe allocated per paging interval per UE;
-	The network may divide UEs to different paging occasions in time;
-	There is no grouping within paging occasion;
-	One paging RNTI for PCH.



In TS36.304:
	
The following Parameters are used for the calculation of the PF, i_s, PNB, and the NB-IoT paging carrier:
-	T: DRX cycle of the UE. Except for NB-IoT, if a UE specific extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T =512. Otherwise, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. UE specific DRX is not applicable for NB-IoT. In RRC_INACTIVE state, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layers.




In TS36.331:
	
A UE is in RRC_CONNECTED when an RRC connection has been established or in RRC_INACTIVE (if the UE is connected to 5GC) when RRC connection is suspended. If this is not the case, i.e. no RRC connection is established, the UE is in RRC_IDLE state. The RRC states can further be characterised as follows:
-	RRC_IDLE:
-	A UE specific DRX may be configured by upper layers (not applicable for NB-IoT);
-	UE controlled mobility;
-	The UE:
-	Monitors a Paging channel to detect incoming calls (by CN paging), system information change, for ETWS capable UEs, ETWS notification, and for CMAS capable UEs, CMAS notification;
-	Performs neighbouring cell measurements and cell (re-)selection;
-	Acquires system information.
-	Performs logging of available measurements together with location and time for logged measurement configured UEs.
-	May perform EDT.




According to the above standard impact analysis, UE specific DRX can be easily supported for NB-IoT by removing corresponding restrictions in above specifications without introducing any new mechanism.
Proposal 1: Remove restrictions on using UE specific DRX for NB-IoT UEs in TS36.300, TS36.304 and TS36.331.
Extension of value range for UE specific DRX cycle
A 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 2: 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: Remove restrictions on using UE specific DRX for NB-IoT UEs in TS36.300, TS36.304 and TS36.331.
[bookmark: _GoBack]Proposal 2: It is up to SA2/CT1/RAN3 to decide whether and how to extend the value range of UE specific DRX cycle.
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Text proposals
TP for 36.300:
10.1.4	Paging and C-plane establishment
Paging groups (where multiple UEs can be addressed) are used on PDCCH:
-	Precise UE identity is found on PCH;
-	DRX configurable via BCCH and NAS, for NB-IoT DRX configurable via BCCH only;
-	Only one subframe allocated per paging interval per UE;
-	The network may divide UEs to different paging occasions in time;
-	There is no grouping within paging occasion;
-	One paging RNTI for PCH.

TP for 36.304:
The following Parameters are used for the calculation of the PF, i_s, PNB, and the NB-IoT paging carrier:
-	T: DRX cycle of the UE. Except for NB-IoT, if a UE specific extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T =512. Otherwise, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. UE specific DRX is not applicable for NB-IoT. In RRC_INACTIVE state, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layers.
TP for 36.331:
A UE is in RRC_CONNECTED when an RRC connection has been established or in RRC_INACTIVE (if the UE is connected to 5GC) when RRC connection is suspended. If this is not the case, i.e. no RRC connection is established, the UE is in RRC_IDLE state. The RRC states can further be characterised as follows:
-	RRC_IDLE:
-	A UE specific DRX may be configured by upper layers (not applicable for NB-IoT);
-	UE controlled mobility;
-	The UE:
-	Monitors a Paging channel to detect incoming calls (by CN paging), system information change, for ETWS capable UEs, ETWS notification, and for CMAS capable UEs, CMAS notification;
-	Performs neighbouring cell measurements and cell (re-)selection;
-	Acquires system information.
-	Performs logging of available measurements together with location and time for logged measurement configured UEs.
-	May perform EDT.
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