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Introduction
Currently, UE specific DRX is not supported in NB-IoT. The reason is that the main use case for NB-IoT is delay tolerant service with use of coverage enhancement techniques.
In this document, we discuss the motivation to introduce UE specific DRX for NB-IoT and the standard impacts.
Discussion
Motivation
UE specific DRX is not supported in Rel-13 NB-IoT, the reasons are:
· Most of NB-IoT UEs are only for delay tolerant service. Those UEs mainly work on eDRX mode or PSM mode for power saving purpose. Thus, UE specific DRX which allows the UE to use a smaller DRX cycle than the cell specific DRX cycle is not useful.
· Most of NB-IoT UEs need coverage enhancements. Due to repetition of the paging transmission, the interval between two paging occasions cannot be very small in order to avoid overlapping. Thus, small DRX cycle cannot be used in most cases.
Above intentions make a lot sense to early releases of NB-IoT. However, more and more uses cases have brought new requirements in real deployments, for example:
· There are services that require low latency. For example, lock in shared bicycle. Lower latency is important for user experience. Shorter DRX cycle is beneficial for these services.
· There are services that are only under good coverage. For example, shared bicycles and streetlights. Shorter DRX cycle is feasible for these services.
In the email discussion [1] in RAN2#105, all companies could see the benefit of using UE specific DRX for the above reasons, i.e. for the use cases that are latency sensitive and work in good coverage.
Since there will be areas covered by NB-IoT but not covered by eMTC at the same time, it is better to introduce UE specific DRX for NB-IoT to serve latency sensitive services and services under good coverage.
We think the impact on legacy UEs should be avoided thus Rel-13/14 NB-IoT should not be changed. Considering that there are already services that are latency sensitive and work in good coverage existing in real deployments, we think UE specific DRX can be introduced in Rel-15 NB-IoT.
Proposal 1: Introduce UE specific DRX in Rel-15 NB-IoT.
Standard impact
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 standard impact due to introduction of UE specific DRX is very small.
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.




In TS23.401:
	[bookmark: _Toc11128555]5.13	Discontinuous Reception and UE Specific DRX Parameter handling
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]).




In TS24.301:

	[bookmark: _Toc525232148]5.5.1.2.2	Attach procedure initiation
….
If the UE supports A/Gb mode or Iu mode or if the UE needs to indicate its UE specific DRX parameter to the network, the UE shall include the UE specific DRX parameter in the DRX parameter IE in the ATTACH REQUEST message.
NOTE 2:	The UE specific DRX parameter is not used by the E-UTRAN for paging from NB-IoT cells (see 3GPP TS 23.401 [10] and 3GPP TS 36.304 [21]).




	5.5.3.2.2	Normal and periodic tracking area updating procedure initiation
….
In order to indicate its UE specific DRX parameter while in E-UTRAN coverage, the UE shall send the TRACKING AREA UPDATE REQUEST message containing the UE specific DRX parameter in the DRX parameter IE to the network, with the exception of the case if the UE had indicated its DRX parameter (3GPP TS 24.008 [13]) to the network while in GERAN or UTRAN coverage. In this case, when the UE enters E-UTRAN coverage and initiates a tracking area updating procedure, the UE shall not include the UE specific DRX parameter in the DRX parameter IE in the TRACKING AREA UPDATE REQUEST message.
NOTE 4:	The UE specific DRX parameter is not used by the E-UTRAN for paging from NB-IoT cells (see 3GPP TS 23.401 [10] and 3GPP TS 36.304 [21]).
If the UE supports eDRX and requests the use of eDRX, the UE shall include the extended DRX parameters IE in the TRACKING AREA UPDATE REQUEST message.



UE specific DRX can be easily supported for NB-IoT by removing corresponding restrictions in above specifications. There will be SA2 and CT1 specification impacts, thus it is proposed to send a LS to ask SA2 and CT1 to support UE specific DRX for NB-IoT in Rel-15.
Proposal 2: Send a LS to ask SA2 and CT1 to support UE specific DRX for NB-IoT in Rel-15.
Conclusion
In this document, we have discussed the motivation and standard impact to support UE specific DRX in NB-IoT. Corresponding proposals are listed as follows:
Proposal 1: Introduce UE specific DRX in Rel-15 NB-IoT.
Proposal 2: Send a LS to ask SA2 and CT1 to support UE specific DRX for NB-IoT in Rel-15.

[bookmark: _GoBack]The sourcing companies have provided CRs in [2], [3] and [4] for proposal 1.
The sourcing companies have provided draft LS in [5] for proposal 2.
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