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1
Introduction

There remain open/incomplete issues within TR 45.820, section 8 “Network Architecture”. This document suggests how they can be completed.  

2
Proposal
It is proposed that the following revision marked updates are made to v1.3.1 of TR 45.820.
************* start of first change *******
2
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8
Network architecture options
8.1
Overall architecture

8.1.1
Overall architecture requirements

Independent of the choice of radio access solution, the cellular system for supporting ultra low complexity and low throughput Internet of Things (Cellular IoT), should:

a)
re-use existing Core Network (CN) features for reducing UE energy consumption e.g. Rel-12 Power Save Mode (PSM) and Rel-10 long periodic RAU/TAU timers. 

b)
support network sharing (both Full-MOCN and GWCN)

c)
support a mechanism to control MTC device access on a per PLMN basis e.g. equivalent to the existing PLMN specific access class barring mechanism.

d)
support Short Message Service (SMS)

e)
support IP header compression for IP-based services

f)
support mobility (in both Ready/Connected and Standby/Idle states) based on MS autonomous cell selection/reselection. Network controlled mobility with MS measurement reporting is not required.

g)
be capable of supporting a broadcast mechanism in the future, e.g. support for MBMS, PWS and CBS. There is no requirement to support broadcast in the initial release. Support for low latency warnings such as ETWS is not required.

h) 
if based on a Gb architecture, be able to support future introduction of O&M procedures equivalent to the "S1 Setup" procedure. There is no requirement to support this in the initial release. 


Device energy efficiency is a very important aspect, however, the radio interface signalling flows for Gb and S1 based architectures may be different (e.g. because the base station and UE do not know if the MME will want to change the encryption key (in which case the MME first responds to a Service Request message with a NAS Authentication Request message before supplying new encryption key information to the eNB in the S1AP Initial Context Setup procedure)). This current TR provides Energy Consumption comparisons between the candidate radio solutions using a Gb based architecture. Once the radio related signalling flows (including layer 2 ack/nacks) for an S1 based architecture are established,  the data provided for the Energy Consumption Evaluations by the different candidate solutions can be reused to evaluate the difference in battery life between Gb and S1 based architectures.

With a Gb based architecture, it is possible for the device to Attach to the SGSN without activating a PDP context. With an S1 based architecture, a default bearer must be activated. The Gb based architecture approach avoids costs (e.g. software licences) associated with maintaining permanently-open PDP contexts, and, may simplify the (re)allocation of an APN to a new device when the device only supports one PDP context.  
8.1.2
Security requirements

A security framework should be defined for the Cellular IoT system to support security features like mutual authentication, integrity protection and ciphering. 
The evaluation of the security frame work is under the responsibility of 3GPP SA WG3 (see 3GPP TR 33.863 “Study on battery efficient security for very low throughput Machine Type Communication Devices“ [16], and 3GPP TR 33.860: “Study on Access Security Enhancements with relation to cellular IoT” [17]).
8.1.3
 Architecture requirements related to new Radio Access solutions.

It is agreed that:

a)
an Iu interface based architecture will not be used.

b)
it is desirable that both a "flat-RAN" based architecture and a "BSC" based architecture are supported. 
As the 3GPP standards do not limit the number of BSSs that can be connected to an SGSN, and, GPRS mobiles in READY state send ‘cell update’ indications to the SGSN (not the BSS), it would seem that using the Gb based architecture for a network where every base station site contains its own BSC is feasible.

In clause 9.2.1.38 of TS 36.413 [vy], the E-UTRAN Cell Global Identity is split into 20 bits of Global eNB ID and 8 bits are used to identify the cell within the eNB. Hence multiple base station sites could be connected to a centralised node (c.f. “BSC”) that terminates an S1 interface from  an MME. The allocation of multiple IP addresses to that node could permit it to handle > 128 cells.
Thus both Gb and S1 based architectures seem able to support both “flat RAN” and “BSC” based approaches.

8.1.4
Architecture requirements related to GERAN Evolution solutions
It is agreed that:

a)
the Gb interface should be used for the GERAN evolution option. 
8.1.5 
Core network enhancements for paging devices in extended coverage
Independent of the choice of radio access solutions for ultra low complexity and low throughput Internet of Things (Cellular IoT) there is a need for core network assistance for transmission of paging as well as storage of coverage situation in the CN. The following common working assumptions apply: 
WA 1: The MS shall determine if currently estimated coverage class is different from last reported Coverage Class.  

WA 2: The MS should report changes of its coverage class to the CN. The trigger of the reporting, to avoid frequent signaling, is for the stage 3 design, but can be anticipated to contain some hysteresis.

WA 3:  At least the estimated coverage class for downlink will be indicated to the RAN when attempting system access.

WA4: The changes of estimated coverage class for downlink may be indicated to the RAN during data transmission.

WA 5: The RAN will include the coverage class information in the uplink data PDU sent to the CN. 

WA 6: Upon reception of the device specific coverage class information the CN stores it for use in subsequent paging for delivery of downlink data to that device.

WA 7: In order for RAN to send a page with the appropriate coverage enhancements the CN needs to convey the latest known coverage class information in the downlink paging PDU.

************* start of third change *******

8.3
 Architecture evaluation results

e.g. evaluation of signalling overhead, security implications, user plane handling etc.
8.3.1 
Evaluation of transmission efficiency


The transmission efficiency is evaluated for one uplink data transfer (further details of the methodology are in GP-150496 [8.3.1-1]). The MS is assumed to have attached successfully and activated a PDP context/default bearer, and the Attach/RAU/TAU procedures are not taken into account (e.g. the periodic RAU/TAU timer is longer than MAR reporting period). In the S1- based architecture, a MS in RRC_IDLE mode needs to establish the RRC and NAS connection via a NAS Service Request procedure before sending the periodic report.
The size of the uplink data payload is 20 bytes, the size of the application layer ACK is 0 byte, and the header overhead is defined in sub-clause Annex E.3. Retransmissions are not considered. The values are based on the NB M2M solution defined in sub-clause 7.1.

The transmission efficiency is evaluated for a zero overhead architecture (i.e., without any overhead on radio interface), the Gb-based architecture and the S1-based architecture RRC_IDLE mode. The results are given in Table 8.3.1-1.

Table 8.3.1-1 Transmission efficiency for different architectures

	Item
	Zero overhead on radio interface
	Gb based architecture
	S1 based architecture 
- idle mode

	PDT
	Without IP header compression
	13.30%
	10.36%
	9.13%

	
	With IP header compression
	25.64%
	16.53%
	9.13%

	SMS
	35.48%
	15.70%
	11.60%

	NOTE1:
Transmission efficiency using the header overhead defined in sub-clause Annex E.3; 

NOTE2:  The size of the uplink data payload is 20 bytes as an example, changing of this payload size will not impact the conclusion in Section 8.4.1.


8.4
Conclusions on architecture options evaluation
8.4.1 
Conclusion on evaluation of transmission efficiency

Based on sub-clause 8.3.1, the transmission efficiency is higher in the Gb based architecture than in the S1 based architecture - RRC_IDLE mode due to the significant signalling overhead required to establish the connection.
************* start of 4th change *******
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