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1
Introduction

After the RAN#71 meeting, a new SI was agreed followed by the WI [1], with the main objective of developing a new radio access technology. As also captured in [2], one of the design goals of a new radio access technology is to allow a UE to stay in "always connected" mode, which effectively embraces a number of scenarios such as initial establishment of connection and/or transition to a state when a UE can start exchanging data with the network. 
As already captured in TR 38.804 [3], the NR system is expected to have a new RRC state called INACTIVE, purpose of which is to combine power efficient properties of the IDLE combined with a possibility of a quick come back to the mode where data exchange could take place. When compared to the LTE system, it poses additional design challenges as now we need to have a way to identify a UE not only in the CONNECTED state (e.g. by means of C-RNTI) but also in INACTIVE.

In this discussion paper we present our technical view on which radio network identifiers we might need to adopt for the NR system and how they can be used in different states.
2
Radio network identifiers 
2.1 Background information on UMTS and LTE

Before delving into the details of the NR system, we present a high level overview of what was done in previous radio access technologies to exemplify better pros and cons of potential solutions. Referring to the Figure 1 showing the UMTS system, it can be seen that it has four basic RNTIs. It must be noted that C-RNTI, H-RNTI and E-RNTI are cell specific ones, which are used by the nodeB while sending/receiving data from the UE. At the same time, the U-RNTI is unique at the RNC scope and is of 32-bits (as opposed to 16-bits with other RNTIs). It is also worth noting that U-RNTI is the only identifier kept by the UE in the URA_PCH state so that the network can identify a UE when it moves within the area. It also used when a UE moves from one RNC to another, because the U-RNTI encodes a particular RNC ID.
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Figure 1: UMTS logical architecture with radio network identifiers.
The LTE system has simplified a lot UE radio network identifiers ending up with just one C-RNTI, which is a unique value within the scope of a particular eNB. Due to the flat LTE architecture there was no need to introduce additional radio network identifiers, and as can be seen from Figure 2 both eNB and a UE have the same protocol stack and the same set of identifiers they rely upon. 
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Figure 2: LTE logical architecture with radio network identifiers.
However, with introduction of NB-IoT/CIoT, a new radio network identifier, Resume ID, was added, purpose of which is logically close to the UMTS U-RNTI as the latter encodes "anchor" eNB ID and a UE ID.
2.2 Next Radio
Concerning radio network identifiers in the NR system, we should avoid a design with multiple identifiers, e.g. what we have in UMTS (U-RNTI, C-RNTI, H-RNTI, E-RNTI). Ideally and if possible, there should be just one radio network identifier striving for simplicity of operation. However, a decision to have one or several identifiers could be dictated by other aspects, such as overall network architecture. 
As the bare minimum, we need something like UMTS/LTE C-RNTI to be able to address a particular UE within a cell when it is in the CONNECTED mode with dedicated resources. In addition to the CONNECTED mode, a UE can be in a new INACTIVE state, whereupon it could move within a certain area (so called RAN paging area) without any indication to the network. To be able to identify a UE in that INACTIVE state, a certain radio network identifier is also needed that, hence for the sake of clarity, will be referred to as (area) A-RNTI. 
With regards to potential radio network identifiers – C-RNTI and A-RNTI – mentioned in the previous paragraph, we can envision the following major options:

1.
We adopt both C-RNTI and A-RNTI as two explicit and independent identifiers. Then, C-RNTI will be used in the CONNECTED mode and A-RNTI will be used in the INACTIVE mode. Logically, such a model is almost identical to the UMTS C-RNTI/U-RNTI and LTE C-RNTI/RESUME_ID.


The downside of this solution is that A-RNTI identifier cannot be used to initiate the user plane transmission, but it will merely serve a purpose of identifying the UE and its anchor base station (logically, performing the function as UMTS U-RNTI and LTE RESUME_ID do). As the outcome, whenever a UE receives the paging message or has to initiate the mobile originated call, it will need to exchange control messages with the network to obtain a valid C-RNTI in a new serving cell. A UE will need to send first the CCCH message with the A-RNTI, and only once the contention resolution is resolved and a new valid C-RNTI is assigned, a UE can proceed with the user plane data.
 

2.
We adopt A-RNTI as the only radio network identifier. The premise idea is that we unify the way the UE is address regardless of the state it has, i.e. A-RNTI is used both for CONNECTED and INACTIVE states. Furthermore, since A-RNTI is unique within the whole RAN paging area, a UE can initiate the user plane transmission (in response to paging or upon the mobile originated call) with minimum RRC signalling. In fact, the resulting procedure would be similar, if not identical, to the legacy LTE handover when the UE sends the "complete" message with the piggy-backed C-RNTI, which is acknowledged by the network through the PDCCH transmission with the same C-RNTI. A UE having a valid and globally unique A-RNTI can start with DCCH/DTCH data by appending its first transmission with the A-RNTI identifier.
The only downside of this approach is a potential overhead. Both in UMTS and LTE the C-RNTI identifier is of the 16-bits, while U-RNTI/RESUME_ID is of a larger size, which caters for the lower overhead when the C-RNTI value is included into the PDU header and/or PDCCH control channel. It should be also noted that feasibility of a single radio network identifier also depends on the final structure of the NR network. If it has a CU/DU split somewhat similar to the UMTS, then there will be a central entity capable of assigning a unique ID across several cells comprising the whole RAN paging area. Otherwise, if the final architecture is similar to LTE EPC, then there is no option but to use two separate identifiers.
Table 1 below makes a coarse summary of different options for radio network identifiers and how they can be applied for different purposes. As an example, if we take both C-RNTI and A-RNTI, then C-RNTI will be used in the CONNECTED mode, while A-RNTI can be used in INACTIVE to identify and page the UE. Otherwise, A-RNTI can be used in all the cases. 
Table 1: Summary of potential usage of radio network identifiers in NR
	
	IDLE
	CONNECTED_INACTIVE
	CONNECTED_ACTIVE

	Identity
	IMSI/S-TMSI
	A-RNTI 
	C-RNTI or A-RNTI

	Mobility
	Autonomous
	Network controlled

	Location tracking
	Tracking area
	Paging or cell area
	Cell 

	DL reachability
	Paging IMSI/S-TMSI
	Paging IMSI/S-TMSI or A-RNTI
	Direct scheduling

	UL reachability
	After RRC setup
	After RRC resume
	Direct scheduling


3 Conclusion
In this discussion paper we have presented our further views of the radio network identifiers in the NR system. According to our preliminary analysis, two major options are feasible, whereupon availability of the radio network identifier, which is unique within the whole RAN paging area, will allow for eliminating some of the RRC messages upon transition from INACTIVE to CONNECTED. In addition, it can be used in different RRC states and for different purposes unifying how a particular UE will be addressed in different phases. 

On the other hand, globally unique identifier will cause higher overhead. Furthermore, the final choice can be governed by the final NR network structure, i.e. whether there will be some central network entity capable of assigning a radio network identifier unique within the whole area. 
Accounting for all the aforementioned considerations, our preliminary technical view is that a solution with two identifiers (e.g. C-RNTI and A-RNTI) does not depend on a particular network structure or architecture, and thus can be viewed as the baseline solution. At the same time, as RAN2 and RAN3 progress further on the CU/DU split solutions, other options can be explored. 

Proposal 1: Consider a solution with C-RNTI and A-RNTI as the baseline for further NR studies.

Proposal 2: A solution with a single A-RNTI identifier can be revisited when 3GPP agrees on NR network architecture.
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� If a UE stays in the same cell in which it has been re-configured to the INACTIVE state, then same C-RNTI can be re-used. A similar solution has been adopted for the Rel-13 UMTS enhanced URA_PCH feature, in which a UE is re-configured to the URA_PCH state with RNTI, which a UE can use only if it stays within the same cell; otherwise they are cleared.





