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1. Introduction 
A UE that is running an application that requires very infrequent signalling might want to deregister and switching off the modem to save energy when not communicating. 
Such UE behaviour is a compliant, and the network cannot deny the UE requested detach. However, deregistering and re-registering creates excessive network signalling, if it is done over a short data transmission cycle. It is inefficient to run the attach/registration signalling along with the security procedures and setting up the user plane for one-shot message. 

If the UE needs to run very long inactivity cycles, then MICO mode can provide very efficient UE power saving optimisation by allowing the UE to remain registered in the serving PLMN, but with minimum responsibilities to spend battery power on:

· Neighbour cell measurements

· Cell re-selections

· Paging channel monitoring

· Mobility Registration Update (especially with “All PLMN” TAI list) 

· Periodic Registration Update (assuming long periodic update timer)
The maximum value of the 5G Periodic Registration Update is not specified yet, but for the sake of power budget of IoT devices, it is expected to be “long”. The maximum value of the EPS Periodic TAU timer T3412 is determined by GPRS Timer 3 IE in 3GPP TS 24.008 as 

31 x 320 hours = 9920 hours, which is more than 413 days
A UE that applies long power saving cycles spends a lot of time in sleep mode, being unreachable from the network. However, even a long power cycle means that a NAS level agreement exists between the UE and the CN on the next scheduled connection. In EPS, this negotiated power cycle can be at most more than a year. The advantage of having the UE registered in the network instead of deregistering is that 
· MICO UE is registered to serving PLMN, which can report UE reachability for monitoring purposes

· Location services apply, based on the last known location and deferred location request

· According to HLcom principles, the network could buffer MT data to be delivered later, if the network (based on local policy) considers the UE unreachability period reasonable for buffering.
With the exception of (possibly very long) Periodic Registration Update timer, MICO seems as efficient power saving method for the UE as deregistration, but remaining registered has got certain clear advantages over deregistration. 

With or without this 5G optimisation to deregister at the end of connection, it is not foreseen that the network would be able to control the deregistration if the UE that wants to deregister. The network cannot deny the deregistration, but the UE should not be encouraged to deregister for very short period of time when no connectivity is needed. 
2. Technical analysis
2.1
5G Mobile Deregistration at the end of communication

3GPP TS 23.501 clause 5.4.1.4 currently specifies the capability for Mobile Deregistration at the end of communication. The logical meaning of this procedure is the same as the UE and the network entering CM-CONNECTED state for whatever signalling is necessary, and then indicating that the UE intends to perform deregistration procedure at the end of connection without sending an explicit Deregistration Request. So the Mobile Deregistration at the end of communication saves one NAS message in the case when the UE is already in CM-CONNECTED state and intends to deregister. 

As can be seen in the below comparison table, the benefits of this procedure optimisation and deregistration when having nothing to send are a bit questionable:

	Criteria
	MICO mode
	Deregistration

	Efficiency of deregistration signalling
	No detach is signalled
	No detach is signalled

	Neighbour cell measurement
	Not needed
	Not needed

	Cell re-selection
	Not needed
	Not needed

	Paging reception
	Not needed
	Not needed

	Mobility Registration Update
	Not needed in “all PLMN” TAI list
	Not needed

	Periodic Registration Update
	At least every second year, unless the AMF turns the Periodic Registration Update off completely (Note 1)
	Not needed

	Note 1: Assuming similar timer value range as is used in EPS. 


Assuming the network is kind enough to assign “very long” timers, then the UE power saving depends on how frequently the UE needs to enter CM-CONNECTED state for the application level communication. This depends on the application, and assuming the same very long application level communication interval, the UE power saving by deregistration is minimal.
2.2
DL data buffering in the network for MICO UE

Currently TS 23.501 clause 5.4.1.3 requires that the network (AMF) shall consider a MICO UE as not reachable in CM-IDLE. This principle follows High Latency Communication (HLCom) logic. But there is also an unnecessary strong requirement that the network shall always reject all DL data towards a MICO UE, quote from TS 23.501 clause 5.4.1.3:

“The CN rejects any request for downlink data delivery for an MICO UE in idle mode. The CN also defers downlink transport over NAS for SMS, location services, etc. The UE in MICO mode is only reachable for mobile terminated data or signalling when the UE is in CM-CONNECTED mode for the PDU sessions that are resumed.”

The above behaviour to reject DL data is appropriate, if the network has issued extremely long Periodic Registration Update timer, or the timer is completely disabled so that the network has got no knowledge on when the UE might need to enter CM-CONNECTED next time. 
However, when the AMF has assigned a MICO UE a short Periodic Registration Update timer or there is very little left of the timer that is still running, then it would be beneficial to allow the network to optionally buffer the data until the UE reachability that is expected to be imminent. 
3. Proposal
This discussion paper proposes the following decisions as part of Rel-15 work:

1. Re-consider the usefulness of the Mobile Deregistration at the end of communication in the 5G TS 23.501, as it does not seem justified optimisation of the detach procedure that is run very rarely. The related P-CR S2-17xxxx proposes to remove the procedure.
2. Irrespective of the above item 1, consider the option for the 5G CN to buffer DL data towards MICO UE, if the network considers it reasonable in relation with the remaining Periodic Registration Update timer. The related P-CR to document this proposal is in S2-17xxxx. [image: image1.jpg]Y
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