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[bookmark: _Ref298777854]Introduction
In RAN2#94, companies agreed on the introduction of a RAN controlled “state” characterized at least by UEs in this state having minimum signaling, power consumption, resource costs in the RAN/CN and making it possible to maximize the number of UEs utilizing (and benefiting from) this state. In addition, the UE should be able to start data transfer with low delay (as required by RAN requirements).
In order to progress the RRC state model discussions, RAN2 decided to discuss whether this low delay data transfer is achieved by:
· By Leaving the "state" or
· [bookmark: _GoBack]Data transfer can occur within the "state".
In this paper, we explain how the first alternative (i.e. by leaving the state) based on enhancements to the LTE solution is able to fulfil RAN latency requirements in an efficient way. We also show that the enhancements not only the infrequent small data transmissions but also any kind of traffic pattern benefiting from low delay and low overhead, avoiding the creation of multiple standard tracks for the same problem.
[bookmark: _Ref458150826]Discussion
Infrequent Small data transmission
Before Rel-13, the standard procedure in LTE to transmit data coming from a sleeping state (i.e. optimized for battery savings) involved considerable signaling. First, the UE sets up an RRC connection through a Random Access procedure followed by RRC Setup signaling and finally an RRC Connection reconfiguration to enable encrypted transmissions. The standard signaling also required CN involvement. IDLE is considered the RRC state optimized for inactive UEs so a typical transmission of an UL data packet for a UE starting from IDLE will require in the order of 9 messages (RA and RRC signaling) before the actual data transmission, as shown in Figure 1. Especially in the case of infrequent small data transmissions, companies acknowledged that the signaling overhead was unduly large. Hence, we make the following observation.

[bookmark: _Toc450867387][bookmark: _Toc450867438][bookmark: _Toc450933046][bookmark: _Toc450953299][bookmark: _Toc458086776][bookmark: _Toc458152514][bookmark: _Toc458152709][bookmark: _Toc458523823][bookmark: _Toc458718424][bookmark: _Toc458753539]In legacy LTE, infrequent small data transmissions produce a large signalling overhead.
[image: ]
[bookmark: _Ref458757068]Figure 1: Illustration of LTE legacy connection setup and release
To solve this specific problem, an RRC suspend/resume procedure has been introduced in Rel-13 for both IoT UEs and normal LTE UEs. RRC context is stored in the UE and eNodeB in order to reduce both air-interface signaling and CN involvement for moving to CONNECTED. By this procedure, the RRC connection can be resumed for an IDLE UE and it does not have to be set up again. This reduces latency, processing and signaling overhead compared to legacy procedures. Further enhancements are being standardized in LTE Rel-14, in the light connection WI where it is assumed that “S1 connection of a UE lightly connected is kept and active, in order to hide the mobility and state transitions from CN” in order to reduce the Control Plane (CP) latency. Figure 2 illustrates the signaling over the air interface. 

[bookmark: _Toc458718425][bookmark: _Toc458753540]Suspend/Resume procedure has been introduced in LTE to reduce CP latency and signalling overhead which is especially important for infrequent small data transmissions.
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[bookmark: _Ref458757133]Figure 2:  Illustration of signalling flow to resume a stored context and transmit data
State transition to RRC CONNECTED
The new RAN controlled “state” which RAN2 is studying has very similar characteristics and principles compared to the suspended mode for LTE IDLE UEs, regardless how the final modelling will be. These characteristics are that the AS context is stored in RAN, CN/RAN interface connection up (assuming Rel-14 light connected solution) and the requirement that the UE should be able to start data transfer with low delay (as required by RAN requirements). Therefore, it seems very natural that UEs should be in that “state” as the primary dormant state (i.e. optimized to battery savings), and the RRC CONNECTED state is optimized for when the UE is active and performs data transmission.

[bookmark: _Toc458718426][bookmark: _Toc458753541]It is a natural choice to assume that a RAN “controlled” state with minimum signalling and power consumption is the primary state for battery savings.
In that case, regardless how the final model of this new “state” is, an optimized state transition to RRC CONNECTED will be necessary to standardize so UEs can better exploit characteristics such as QoS control, resource management and link adaptation [1].

[bookmark: _Toc458718427][bookmark: _Toc458753542]An optimized transition from an inactive “state”, optimized for battery savings, is necessary regardless how the final state model for NR will be.
Synchronization is another aspect to consider for inactive UEs. The UEs that are in the inactive state can maintain the DL synch using the listening periods of the DRX configuration. On the other hand, since UL synch should not always be assumed for mobile UEs, RA will typically be the first step when transmitting an UL data packet. By using a Resume procedure of a suspended RRC connection, the signaling would be reduced to 5 messages (RA and RRC) before the data transmission takes place, which is a substantial reduction compared to the legacy connection setup. It should be observed that additional messages are needed to suspend the RRC connection after the data transmission. 

The support for new use cases in NR may require even lower latency and lower overhead. Therefore, enhancements based on the LTE RRC suspend/resume procedure should be studied. Performance should analyzed in terms latency and it potential to fulfill RAN requirements before new solutions are considered .

[bookmark: _Toc458718430][bookmark: _Toc458753561]Enhancements to the Suspend/Resume procedure should be studied for NR rather than completely new solutions.

Proposed enhancements to LTE solution
A first potential enhancement (which could be assumed by default) consists of transmitting data in conjunction with message 3 i.e. together with the RRC Connected Resume Request. The main steps would be the following, as illustrated in Figure 3:
· The Random access response (message 2) contains a grant large enough to transmit both the RRC Connection resume request and a small data packet. 
· If the UE only has one small packet to transmit, it can be considered how to make signalling even smaller.  The UE may not be needed to activate the entire RRC context. E.g. initiating DL measurements may not be needed when transmitting only a single small UL packet.
· The small data could be sent simultaneously (multiplexed on the same TB) with the RRC Connection resume request that activates the context. The data transmission could be sent on a shared/contention based, and always active, DRB.
· If the UE only has one small packet to transmit, the context could be in-activated immediately after the transmission or after a timer expiration without any extra in-activation signaling. The RRC response also serves as a contention resolution message, i.e. acknowledging the successful reception of the packet.

 
[image: ]
Figure 3: Illustration of enhanced procedure for transmission of a small data packet for inactive UEs
One of the benefits of the solution is the minimum amount of changes required, limited to:
· The UE needs to retrieve the Next Hop Chaining Counter (or similar) in advance of entering RRC suspend so that it can use it for the RRC resume procedure (i.e. avoids the need to wait for MSG4)
· The UE needs to indicate to the network that it has no more data to send so the network can immediately suspend the UE
[bookmark: _Toc458718431][bookmark: _Toc458753562]Enhanced Suspend/resume procedure where data is transmitted with Msg3 during state transition should be the baseline for infrequent data transmissions in NR.

Analysis of the proposed solution
In Table 1, we show an estimate of the latency of the proposed procedure (Section 2.3.1) from inactive state until start of data transfer having Table 16.2.1-1 in [3] and LTE numerology as baseline. The components accounted for are up to the encoding of the message 3, i.e. until the UE transmits data. As can be seen from the table, the total time until data can be transmitted in the case data is transmitted after Msg3 is 9.5ms assuming 1ms TTI. From TR 38.913, the control plane latency or the time it takes to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE) is targeted to be 10ms. An important step for latency reduction in NR is L1 optimizations such as shortening of TTIs. Assuming that processing time scales proportionally with TTI length and considering the TTI lengths used for NR these absolute latency values can most probably be reduced by a factor 2 or 4.

[bookmark: _Toc458718428][bookmark: _Toc458753543]Enhancements to Suspend/Resume procedure can fulfil RAN requirements in terms of latency for NR.
Table 1
	Component
	Description
	TTI

	1
	Average delay due to RACH scheduling period (1ms RACH cycle)
	0.5

	2
	Transmission of RACH Preamble
	1

	3
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3

	4
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5



In addition to latency improvements, the proposed solution presents no significant addition of overhead compared to a solution allowing data transmission in Inactive state since also in those solutions it is required to provide the UE context identity and a long enough Message Authentication Code (to prove that the UE is a valid UE), etc. 
Another benefit of the proposed solution is that the same procedure can be used regardless if the UE has small data, large data, or NAS signaling. Specifying a different way of sending small data from an inactive state for small data compared to large data will provide no latency or overhead benefits and would add complexity since both solutions will need to be supported, which could have impact on access control procedures, QoS priorities etc. Another clear advantage of the single approach is that it is under operator control (e.g. based on load) if and when optimized procedures should be used, with the small data in inactive state the decision to use the procedure may be up to UE implementation.

Usage of a contention-based channel for the state transition
CP latency could be further reduced when/if necessary by allowing the UE to skip the RA step and directly do the RRC activation and transmit on a contention-based channel, as proposed in [2]. In this contribution, the UE sends random access preamble together with a RRC connection request (i.e. message 1 and 3 simultaneously) and the network responds by sending the random access response including UE identifier assignment, timing advance information, contention resolution (i.e. message 2 and 4 simultaneously). Applying the two-step RA could further reduce latency in scenarios where the two-step RA would be supported, e.g. small cells or when a known TA can be applied.
[bookmark: _Toc458152516]Conclusion
In section 2 we made the following observations:
Observation 1	In legacy LTE, infrequent small data transmissions produce a large signalling overhead.
Observation 2	Suspend/Resume procedure has been introduced so an LTE UE to reduce CP latency and signalling overhead which is especially important for infrequent small data transmissions.
Observation 3	It is a natural choice to assume that a RAN “controlled” state with minimum signalling and power consumption is the primary state for battery savings, as LTE IDLE.
Observation 4	Regardless how the final state model for NR will be, an optimized transition to RRC CONNNECTED will be needed.
Observation 5	Enhancements to Suspend/Resume procedure can fulfil RAN requirements in terms of latency for NR.

Based on the discussion in section 2 we propose the following:

Proposal 1	Enhancements to the Suspend/Resume procedure should be studied rather than completely new solutions.

Proposal 2	Enhanced Suspend/resume procedure where data is transmitted with Msg3 during state transition should be the baseline for infrequent data transmissions in NR.
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