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1 Introduction
RAN#71 in March approved the 5G SID [1]. The initial aspects for RAN2 as part of this SID are to study/agree on the radio protocol architecture and the associated procedures. Since energy efficiency is a key performance requirement for 5G, both from the gNB and UE perspective [2], we should carefully investigate the 5G procedures and signalling design while considering the energy efficiency aspects from the initial design stages. 
During RAN2#95bis, RAN2 discussed about a new RAN controlled ‘state’ for NR [3]. Based on the discussion, the RAN2 chairman report captured the following agreements for how to progress the study for UL data transmission in NR new state:  
Agreements for how progress the study:

1: 
For any solution to send uplink packet, the latency, signalling overhead and UE power consumption, UE mobility shall be evaluated.

1a
We need to discuss and determine the use case for data transmission

1b
Determine the latency requirements from the RAN TR that apply for the "new state". 
This contribution aims to investigate detailed solution for data in inactive state considering all aspects as identified in RAN2 in R2-167211 [3]. In this paper, the design principle and requirement for data transfer in inactive state is discussed. Firstly, the needs of data transfer with inactive state in NR and its requirement are discussed. Then according to use cases such as URLLC, mMTC, eMBB, the benefit of data transmission in inactive state is discussed.
For the other issues identified in RAN2 in R2-167211[3], the overall call flow for data transfer in inactive state and decision for RRC state transition to full connected state is discussed and based on that data transfer procedures, the detail issues including RACH enhancement such as contention resolution, grant-size are discussed separately in [4].  .
2 Discussion 
2.1 Design principle and requirement for data transfer in inactive state 
In the consequence of the email discussion for the data transmission in inactive state [5], latency, signalling overhead and UE power consumption are considered as the candidates for requirement indicator. For any solution to send uplink packet, the latency, signalling overhead and UE power consumption shall be evaluated.
Firstly, the latency requirement seems to the main motivation of data transfer in inactive state. Comparing to LTE in which control plane latency is 50 ms, NR requires relatively shorter control plane latency 10 ms. More specifically, the RAN requirements for "low delay" can be understood as the statement from TR 38.913 that "Control plane latency refers to the time to move from a battery efficient state (e.g., inactive) to start of continuous data transfer (e.g., active). The target for control plane latency should be 10 ms."

There is also a "latency for infrequent small packets" which is "the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point at the mobile device to the radio protocol layer 2/3 SDU egress point in the RAN, when the mobile device starts from its most "battery efficient "state". TR 38.913 includes a requirement that "the latency shall be no worse than 10 seconds on the uplink for a 20 byte application packet (with uncompressed IP header corresponding to 105 bytes physical layer) measured at the maximum MCL (164dB)", i.e. for edge of coverage. But as most of the latency for infrequent small packets would be caused by paging DRX, and 10 seconds are quite long period from radio perspective, this requirement seems not relevant as a motivation for data transmission in the inactive state. 

Observation 1: Because of stricter latency requirement of NR on both of control plane and user plane, RAN2 needs to investigate the data transfer procedure in inactive state.
The other requirements are signalling overhead and UE power consumption. If data transmission is supported in the inactive state, it may not cause RRC state transition from a battery efficient state (e.g. inactive) to the state for continuous data transfer (e.g., active).
In general, in legacy LTE, there is trade-off relationship between energy consumption of UE and network control signalling load related to user-inactivity timer configurations. UE remains in this RRC CONNECTED state until the packet connectivity timer, known as the user-inactivity timer, expires. When the timer expires, the gNB releases the RRC connection and UE immediately triggers a transition to the idle state. The UE transits to the idle state more frequently with a shorter user-inactivity timer. This may enhance the UE battery life. However, if a new packet arrives shortly after the UE’s transition to the idle state, CN needs to page the UE with a number of CN and radio signaling, causing extra service latency to transit to the connected state. i.e., the length of the user-inactivity timer creates a trade-off between UE energy consumption and connection latency/CN control signalling overhead [6].
Different to legacy LTE design, if data can be transferred in the inactive state, both of core network signalling overhead and UE power consumption can be reduced. By transferring small data in inactive state, CN signalling for paging the UE can be avoided, and UE can save its power consumption by removing C-DRX operation simultaneously.
Observation 2: If data can be transferred in the inactive state, differently from legacy LTE, the trade-off relationship between core network signalling overhead and UE power consumption may not hold.
2.2 Performance requirements for each use case
In this section, the performance requirement for each use case such as URLLC, mMTC and eMBB is discussed considering data transfer in inactive state. Based on these services, potential requirements such as data rate, latency, mobility, reliability, power consumption, connection density, can be different as shown Table 1 [7].
Table 1: Performance requirements of 5G services, i.e. eMBB, mMTC and URLLC
	
	eMBB
	mMTC
	URLLC

	Data Rate
	Very high
(e.g. peak rate 10 Gbps)
	Not much considered
	Not much considered

	Latency
	Low
	Not much considered
	Very Low
(e.g. 1 ms end-to-end)

	Mobility
	0km/h to 500km/h
	Not much considered
	Not much considered

	Reliability
	Not much considered
	Not much considered
	Very High
(e.g. Packet loss rate: as low as 1e-04)

	Power Consumption
	Not much considered
	Very Low
	Not much considered

	Connection Density
	High

(e.g. 200-2500 UEs/km2)
	Very High
(e.g.1M connections/ km2)
	High
(e.g. 10k sensor /10km2)


URLLC: low initial latency avoid control plane latency
When data is transferred in inactive state, the signalling overhead and delay from RRC state transition (between inactive and active) can be avoided. RRC state transitions to active state for data transfer can be avoided. And thus low latency for URLLC can be achieved by avoiding control plane latency at the initial transmission when UE is in inactive state. 
However, based on the RAN2 agreement, which is “at least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving a comparable power efficiency to that of LTE’s IDLE state”, it is likely that UE does not send periodic CQI feedback in the inactive state for energy efficiency. Also the data may be transferred based on the grant-free transmission to achieve both delay reduction and energy efficiency by reducing the number of control signalling. At the same time, these changes may have drawbacks; lack of periodic CQI feedback can cause degradation in spectral efficiency and grant-free transmission may cause potential collisions with higher loading [8]. Thus the average latency for data transmission can be longer or similar to the data transfer in active state. 
Observation 3: For URLLC, the latency to transmit the first user plane packet can be reduced by avoiding control plane latency of RRC state transition from inactive to active.
eMBB: background traffic (keep-alive traffic) with no C-DRX

In many case, eMBB requires higher data rate and size of data is much larger 10s GB to support FHD video etc thus it seems to be not applicable to data transfer in inactive state, however, it also has small data so called keep-alive traffic. UE periodically transmits and receives small amounts of data, “keep-alive message”, for the purpose of maintaining a TCP connection with the network or to check the presence of a UE in the downlink. The traffic pattern of keep-alive message highly depends on the server and application.
One of common smartphone behaviours is to periodically transmit small amounts of data, for the purpose of maintaining a connection with the network or confirming its presence. These transmissions do not enhance the user experience directly and therefore are not time critical. It is however more crucial to minimize the UE power consumption to prolong its battery operation. From this perspective, the UE should avoid performing any battery consuming tasks such as the ones typically associated with full connected state [8]. 
UE energy consumption can be benefited from removing unnecessary C-DRX duration for eMBB background traffic considering UE mobility. If data can be transferred in the inactive state, both of signalling overhead and UE power consumption can be reduced.
Furthermore, power consuming UE operations in the active state such as monitoring its serving cell and neighbour cells continuously and providing channel status feedback periodically can be avoided. Note that the operations should be continued for connected mobility support and spectral efficiency while the UE inactivity timer is running.

Observation 4: For the background traffic of eMBB, UE energy consumption can be reduced removing unnecessary C-DRX duration and RRC state transition between inactive and active state. 
mMTC: down-prioritized/postponed until March 2017    
NB-IoT already discussed data transfer procedure in IDLE keeping UE context and had drawn similar solutions such as control plane solution which transmits the data packet piggybacked RACH message and user plane solution which resumes the RRC connected state from Idle state keeping UE context. We can expect the low energy consumption by avoiding unnecessary RRC transition for sparse mMTC traffic.
However, the down-prioritization decision from RAN plenary [9] as below, the requirement and design of data transfer in inactive state can be studied excluding mMTC service at least for first phase of NR.
	"The following studies are not included  in the target content for Rel-15 without changing the scope of SID and postponed until March 2017

- mMTC features" 


Proposal 1: UE energy saving for eMBB as well as latency reduction for URLLC can be main use cases for data transfer in inactive state.
3 Conclusion

Observation 1: Because of stricter latency requirement of NR on both of control plane and user plane, RAN2 needs to investigate the data transfer procedure in inactive state.

Observation 2: If data can be transferred in the inactive state, differently from legacy LTE, the trade-off relationship between core network signalling overhead and UE power consumption may not hold.

Observation 3: For URLLC, the latency to transmit the first user plane packet can be reduced by avoiding control plane latency of RRC state transition from inactive to active.

Observation 4: For the background traffic of eMBB, UE energy consumption can be reduced removing unnecessary C-DRX duration and RRC state transition between inactive and active state. 

Based on the above observations and conclusions, RAN2 is requested to discuss and if possible agree on the following proposal:

Proposal 1: UE energy saving for eMBB as well as latency reduction for URLLC can be main use cases for data transfer in inactive state.
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