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1
Introduction

After the RAN#71 meeting, a new SI was agreed [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. During the RAN2#93bis meeting, several proponents brought discussion papers sharing their view on design principles for allowing fast data transmission, including more detailed views on a potential new state and its characteristics [3-7] 
In this discussion paper we present our technical view on how a new RRC state may look like. Firstly, we provide a coarse overview of states in the UMTS and LTE technologies pointing out weak and strong points; and then we present our detailed considerations for the new state functionality
2
RRC states 
Before delving into the details of states that we already have in wireless technologies, such a UMTS and LTE, it is worth saying a few words about requirements that trigger a motivation for considerations to have a new state. While developing the LTE technology, we catered predominantly for the mobile broadband scenario striving for peak rates and improved performance. With such a scenario in mind, it is more than sufficient to have IDLE and CONNECTED as baseline states, as a UE having large volumes of data to exchange will be switched to the CONNECTED mode. We did not anticipate frequent IDLE/CONNECTED mode transitions because of small data bursts. 

As it became more evident recently and as was captured explicitly for the NR requirements, there are other use cases, whereupon a UE will not necessarily send large volumes of data, but rather is expected to send frequently small bursts of data (e.g. MTC like scenarios). Even though we can support these scenarios with the existing IDLE/CONNECTED functionality, it seems somewhat sub-optimal, which in turns calls for studies on new states and related functional enhancements. 
2.1
RRC states for UMTS and LTE
As mentioned in the Introduction part, to understand what kind of functionality we could adopt for a new state in NR, it is worth presenting what was done in previous technologies, in particular for UMTS and LTE, in conjunction with strong and weak points of each wireless technology. The Table 1 below provides a high level overview of what a UE does in each particular UMTS state and what kind of information it keeps. 
Table 1: Summary of UMTS states
	
	IDLE
	CONNECTED

	
	
	URA_PCH
	CELL_PCH
	CELL_FACH
	CELL_DCH

	Identity
	IMSI
	U-RNTI 

(+ optional C-RNTI, H-RNTI, E-RNTI)
	U-RNTI, C-RNTI, H-RNTI, E-RNTI

	Mobility


	Autonomous
	Network controlled

	Location tracking
	Tracking area
	URA area
	Cell area

	DL reachability
	Paging IMSI
	Paging U-RNTI
	Direct scheduling

	UL reachability
	After RRC setup
	After CELL UPDATE 

(or MEASUREMENT REPORT)
	Direct scheduling


Generally speaking, UMTS has two major modes as in LTE – IDLE and CONNECTED – with a difference that the CONNECTED mode is an umbrella term covering a number of exact states. While the CELL_DCH state is a direct match to the LTE CONNECTED mode, in addition to that UMTS offers a number of additional states, which as can be seen from Table 1. They differ in granularity of tracking the UE, how it can be reached in DL, and whether any additional signaling is needed before initiating UP activity. It should be noted that the CELL_FACH state can be construed as a low performance CELL_DCH state as the former has a limited number of features (e.g. no DL 64QAM, no carrier aggregation, no MIMO etc). The CELL/URA_PCH states are so-called low power consumption states, performance and functionality of which are very close to IDLE with the only important difference that a UE keeps its context meaning that a UE can come quickly back to the CELL_FACH/CELL_DCH state to exchange data.
Table 2 below makes a summary of LTE states including the recently adopted RRC_SUSPENDED mode. When compared to the UMTS states presented in Table 1, one can see that the RRC_SUSPENDED state matches almost directly UMTS URA_PCH: a UE keeps C-RNTI+eNB ID (which corresponds logically to U-RNTI), there is an autonomous mobility, UE is not tracked at the cell level and is reached by means of paging, a UE can exchange data after RRC resume (which logically corresponds to UMTS CELL UPDATE). 
Table 2: Summary of LTE states

	
	IDLE
	CONNECTED

	
	
	RRC_SUSPENDED
	RRC_ACTIVE

	Identity
	S-TMSI
	C-RNTI + eNB ID 
	C-RNTI

	Mobility


	Autonomous
	Network controlled

	Location tracking
	Tracking area
	Cell

	DL reachability
	Paging S-TMSI
	Direct scheduling

	UL reachability
	After RRC setup
	After RRC resume
	Direct scheduling


Referring back to UMTS and LTE states presented in Table 1 and Table 2, one can see that LTE has fewer states, which in fact makes the LTE specification and operation simpler when compared to UMTS. Indeed, the TS 25.331 specification has to cover a sheer number of transitional and error cases making the procedural text too cumbersome. Thus, one of the first observations that we can make is that we must strive to keep the number of states as small as possible. Ideally, available states should be limited to IDLE and CONNECTED (as in the baseline LTE), or to IDLE and CONNECTED augmented with one additional state in which a UE can keep its context information to avoid signaling burden.
Yet another important observation is that due to historical reasons, the UMTS UE may have four different RNTI values: U-RNTI, C-RNTI, H-RNTI, and E-RNTI. This was simplified a lot in the baseline LTE with adoption of a single C-RNTI value. However, RRC_SUSPENDED mode added a new "resume" radio identifier. Catering for simplicity, new NR state(s), if any, should avoid as much as possible introduction of new identifiers.    
2.2
RRC states for Next Radio

Following our considerations presented in the previous section, our view is that if we decide to introduce a new state in addition to baseline IDLE and CONNECTED, we should ideally constrain ourselves to just one additional state. Otherwise, we may end up with a number of states close to UMTS with all the known problems and challenges. In addition, accounting for the fact that LTE has recently got a new RRC_SUSPENDED state, it seems beneficial to consider a similar state, in which a UE would keep its context thus allowing it to start exchanging data without additional AS or NAS level signalling.  
Table 3: Summary of potential NR states
	
	IDLE
	CONNECTED

	
	
	RRC_XXX
	RRC_ACTIVE

	Identity
	S-TMSI
	C-RNTI / NEW ID 
	C-RNTI

	Mobility


	Autonomous
	Network controlled

	Location tracking
	Tracking area
	Tracking / paging / cell area
	Cell 

	DL reachability
	Paging S-TMSI
	Paging S-TMSI / NEW ID
	Direct scheduling

	UL reachability
	After RRC setup
	After RRC resume
	Direct scheduling


Regarding potential functionality of a new state, we have to analyse carefully all pros and cons by taking into account good practices from other technologies. In particular, as already mentioned earlier, the LTE RRC_SUSPENDED state is quite close to URA_PCH, which is widely used in commercial networks. At the same time, since the UE location is not known at the cell level, it is not as efficient as UMTS CELL_PCH. Yet on the other hand, a UE in CELL_PCH sends indications every time it moves from one cell to another, which makes UMTS network to use URA_PCH in certain circumstances. Thus, one of the immediate questions for a (potential) new state in NR would be whether we need to track a UE on the cell level, or within some area. In turn, it will enable us to progress further on other aspects of a new state, such as which ID a UE should be used upon transition to a new state, which ID should be used in paging, etc.
Referring to [5], there have been proposals to introduce a so-called low performance state, basic principles and use case for which are logically close to the UMTS enhanced CELL_FACH (which can be viewed as a low performance CELL_DCH mode). It should be noted that a decision to introduce such a state (in addition to e.g. RRC_SUSPENDED) will result in almost as many states as the UMTS system at the moment has. Thus, aiming at the specification and functional simplicity, we should assess carefully all the pros and cons behind adoption of several new states.   
3 Conclusion
In this discussion paper we have presented our initial considerations on which RRC states we might potentially have for the NR system. Accounting for the fact that the commercial UMTS networks have been heavily relying upon CELL/URA_PCH states and the fact that LTE has already adopted almost identical functionality with the RRC_SUSPENDED mode, it seems beneficial to consider a similar concept also for the NR system. Nevertheless, RAN2 WG should assess carefully all the advantages and drawbacks of having more states and should ideally avoid introduction of several new states catering for specification and functional simplicity.   
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