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1
Introduction
A new study item [1] was agreed at RAN#71 where the main objective aims to develop a New Radio Access Technology (N-RAT) where “Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including, Enhanced mobile broadband, Massive machine-type-communications, Ultra reliable and low latency communications”. The new radio access technology enables a diverse and wide range of services which needs to deliver high throughput, connect numerous of devices or terminals and provide immediate feedback on demand.

RAN2 #94 [2] agreed to study the introduction of a RAN controlled “state”, during which UEs should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN, making it possible to maximise the number of UEs utilising (and benefiting from) this state. Within this RAN controlled “state”, the CN and RAN connection may be maintained, the AS context is stored in RAN and there might be no dedicated resources for UE. The UE’s location is known to network within an area and UE performs mobility within that area without notifying the network.
RAN2 #95 [3] and RAN2 #95bis [4] discussed the aspects for transmitting data in the new state, and how to progress the study for UL data transmission in NR new state is addressed in [5] as following
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".

2
2 potential approaches for further evaluation (in addition to baseline move to connected and then transmit data)

b) Transmit data together with initial RRC message for transition to connected

c) Transmit data in "new state"

3
Questions for be answered for any proposal ()

- whether there is RACH, if so whether it is 2-step or 4-step (there could be 3 options)?

- contention resolution, full details including identifiers, resolution at which step (depends on exact procedure), etc?

- grant size, what are the supported sizes and how does the network determine the size to allocate?

- whether 0, 1, 2 or 3 RRC messages are used (from latency and overhead perspective, less messages could be better)?

- usage of HARQ/ARQ?

-  how is the UE context located and identified in the network?

- how to ensure that only the right UE is using the UE context, including the UE need to provide some proof of having the right UE security context?- how to configure U-plane? Handling of DRB/SRBs, what level of QoS is supported?

-
How the AS state is updated and maintained in the network (incl. security keys, NCC, sequence numbers)?


- Which tasks does the UE perform, e.g. RLM, CSI/RRM measurements, etc at each step.


- whether the proposed solution would affect the coverage by deteriorating the success rate of   RRC signalling transmission

- how to decide when to use small data transmission (b) or c)) rather than move to connected and then transmit data? how potential subsequent transmissions and/or “large data” is handled, requiring transition to “full connected state”?

- How are DL acknowledgement handled (both on RLC and HARQ level) and on application layer?

As per the agreement, three options are proposed to transmit data when UE is in the new state. Besides, RAN1 [6] is studying and some companies see potential benefits of a simplified RACH procedure consisting of two main steps (Msg1 and Msg2) for UEs. With the two-step RA procedure, the UE is allowed to send UL data with preamble in Msg1 without requesting UL grant in prior, which may influence the transition to connected state. Thus, in this paper, we’d analyze the proposed solutions further by considering the different RA procedures into account.
2
Discussion
2.1

Solutions for small data transmission when UE is in the NR RRC_INACTIVE state
The remaining discussions in the this sections will assume the UE stays in the last serving gNB unless explicitly stated that only the Uu signaling procedure is illustrated.

Solution-a: initiate the state transition to connected state and then transit data as the legacy MO data transmission procedure
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Figure 2-1 State transition procedure

The basic idea of this solution is illustrated in Figure 2-1, that UE performs the state transition to connected state when it has data to transmit. 

For the legacy four-step RA procedure, after generating a preamble from a given RACH opportunity, the UE will look for the corresponding RA-RNTI on the PDCCH during the associated RACH Response Window. The RAR acknowledges the receipt of the RA preamble, and provides timing alignment information, the UL grant for Msg3 and the temporary C-RNTI to the UE. Then the UE sends a message containing the unique UE ID (which may identify also the previous gNB) and the short MAC-I to request the state transition. The gNB responds the request after successfully verifying the UE according to the UE ID and the short MAC-I, the data transmission starts after UE moving to connected state.
According to the discussion in RAN1, the Msg1 in two-step RACH may include preamble signal and data signal. Therefore, the UE may send the request message with preamble in Msg1. The NW needs to preconfigure the resource the UE could utilize. This option may save the signaling by one round trip (i.e. transmission of Msg2 and Msg3 in 4-step case) compared to 4-step case otherwise being equally handled. 
When UE is in connected state, the NW has full flexibility of varying the resource allocation based on the reported channel conditions. It allows a tight control of the uplink activity to maximize the resource usage compared to schemes where the terminal autonomously selects the resource for UL data. However this would introduce longer latency for UL data transmission caused by the state transition procedure.
Observation 1: The data transmission can more effectively take advantage of UE capabilities in scheduling therefore trade off delay for higher throughput when UE is in connected state.
Solution-b: send data together with the RRC message for transition to connected state

The illustration of this solution is shown in Figure 2-2. The UE still performs state transition procedure, the difference with solution-a is that the UL data is multiplexed with the first UL request message. I.e. the UL data is sent with the request message in Msg3 for four-step RA procedure or in Msg1 with preamble and UL request message for two-step RA procedure.
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Figure 2-2 Data transmission during state transition 

For the legacy RA procedure triggered by the state transition, the UE may select preamble from different preamble groups to provide information regarding the size of the data that is pending at the UE, by which eNB could determine the size of uplink grant to provide in the corresponding RAR. Therefore, for four-step RA, the UE may decide whether the encrypted user data could be sent with state transition request according the size allowed for Msg3 and indicate the pending uplink message size by counting both the size of the state transition message and the user data. While for the two-step RA, the contention based data resources and the scheduling information are preconfigured, if preconfigured TBS could accommodates the message size, UE then could trigger the data transmission during the state transition.

Observation 2: Whether all the data pending for transmission in the UE could be sent during state transition is determined by the allowed message size of the UL transmission and the pending uplink message size in UE.
This solution could reduce the latency for sending the first UL user data. However in case the UE moves to a new gNB which has no valid UE context, the context fetch procedure has to be performed before handling the user plane packet. The user data may need to be buffered until the UE context is retrieved from the last serving gNB, thus the data transmission during the state transition may not gain advantage in terms of latency unless it is possible to forward data to anchor gNB without UE context in the serving gNB.

Observation 3: The context fetch performed during mobility may limit the advantage of transmitting data during state transition.
It is also proposed in [7] that the NW may immediately suspend the UE after receiving the UE state transition request, but this will bring limited advantage at the cost of the extra signalling overhead required for the state transition. 

Observation 4: To send UE back to the RRC_INACTIVE after transmitting data during the state transition to RRC_CONNECTED does not provide obvious advantages.
Solution-c: send data directly in the “new state” by the grant free/contention based UL data transmission. 
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Figure 2-3 grant free/contention based transmission 

With this option illustrated in Figure 2-3, the NW preconfigures the resources allowed for UL grant free/contention based data transmission. When the UE has uplink data to transmit, it sends UL data based on the scheduling information preconfigured (in 2-step approach) or provided in RAR with 4-step approach. The UL data transmission contains the UE ID, short MAC-I and encrypted higher layer data. When the gNB receives the UL data, it retrieves a stored UE context that matches the UE ID carried in the message, and then verifies the UE with the short MAC-I. If it is prepared with a UE context, it will decrypt data according to retrieved AS context. The gNB provides the feedback for the UL data transmission, including the UE ID or the preamble and the C-RNTI (which could be temporary for a configured time), which is used by the UE for subsequent data transmission or reception.
The reliability of the UL data transmission relies on the preconfigured scheduling information without performing any link adaptation in gNB, because the UE does not report the CQI information and the full UE capabilities could not be applied in scheduling. In addition, the unsuitable TBS utilization may increase the signalling overhead, thus the data transmission is not optimal from spectral efficiency point of view. To most efficiently utilize radio resource, such data transmission may be beneficial for small amounts of data which could be sent in a short period, during which channel condition may vary in a limited range, therefore the dynamic resource allocation may not be necessary. This approach may, though, be beneficial from UE power consumption point of view as UE does not need to be subsequently directed again to RRC_INACTIVE mode.
Observation 5: The data transmission in the RRC_INACTIVE state is applicable for those UEs which have timed transmission with a small amount of data to minimize UE power consumption.

2.2 
Analysis of solutions 

Based on the discussion in section 2.1, for those applications which are subject to high throughput and have relax delay requirement, the UE may transit to connected state to get benefit from the dynamic scheduling. Based on the analysis from [8], a state transition time of 7.125ms, 9ms and 12.75ms can be achieved for different TTI lengths (0.25ms, 0.5ms and 1ms) based on the assumptions on the increase of processing speed in UE and gNB. Then the time of sending the first UL data starting from the “new state” will be longer by counting the user plane latency in connected state. Therefore, the optimization of the state transition will be desirable to reduce the latency of the first UL data transmission.
Proposal 1: RAN2 to study methods which enable fast state transition from RRC_INACTIVE state to connected state.
When UL data arrives, UE needs to select the data transmission scheme. For those applications which have tight latency requirement but only have infrequent small amount data, the grant free/contention based UL transmission may be applied to reduce the data transmission latency and avoid the extra signalling overhead. The NW might preconfigure a threshold, the UE will initiate the grant free/contention based transmission if it has less amount of data than this threshold in the buffer.

Proposal 2: The eNB provides a threshold by which UE decides whether to apply UL grant free/contention based transmission depending on the amount of data in the buffer.

A UE in the RRC_INACTIVE state may suffer from inter-cell interference, low link budget or even inaccurate UL synchronization. In this case, the data transmission without link adaptation may not guarantee the QoS performance and the scheduled data transmission could operate at its best at poor radio link condition of the UE. However as the performance analysis of the grant free/contention based transmission is still ongoing in RAN1, how those aspects impact the transmission scheme selection may need to wait for the further progress from RAN1. However there are some aspects needs investigation from RAN2 perspective.
· The legacy LTE RAR is a grouped message providing the feedback for multiple UEs who monitor the PDCCH addressed by a RA-RNTI determined by when and where the preamble is sent. If the UE specific feedback message will be introduced, the scheme for monitoring the feedback and the design of the identifier for this feedback may be different.
· The NW may allocate a non-permanent C-RNTI in the feedback message, which could be utilized by UE to receive the DL message corresponding to the UL data previously sent. The NW may assign different non-permanent C-RNTI for the UE for each UL data transmission or associate a unique non-permanent C-RNTI with each UE by maintaining a mapping table. Nevertheless, alignment of the non-permanent C-RNTI has to be guaranteed during a period to ensure the NW and UE could use the same identifier for transmission/reception of DL data followed.

· The UL grant free/contention based data transmission may fail due to the transmission collision with other UEs from the same resource. In this case, it is proposed that the UE may reattempt the UL transmission after a backoff time. However if the gNB fails to get the UE context, such failure may need to be indicated to UE thus UE could differentiate this from errors caused by other reasons, and perform suitable operation, e.g. to perform state transition instead of reattempting the UL data transmission.

Proposal 3: RAN2 to study those open issues for supporting the grant free/contention based transmission in the new state.

The question of “how potential subsequent transmissions and/or “large data” is handled, requiring transition to “full connected state”?” from [5] can be solved by a generalized procedure in solution b) and solution c), by defining that physical layer MCS selection defines TB size for the first uplink UE message and whether it send in four-step or two step manner. The TB is then containing UE ID, short MAC- ID and rest of the TB is filled by MAC based on logical channel priorities, according to multiplexing and transmission rules. This manner the first uplink message can contain uplink data, RRC message such as measurement report if such would have been triggered, but there is no explicit need of sending RRC message. The gNB response then defines the UE action and whether it is moved to CONNECTED or maintains in RRC INACTIVE and uses grant free channel for subsequent uplink transmissions. 

Proposal 4: Define grant free/contention based transmission generic from uplink data content point of view and UE state transition from the new RRC state to RRC connected state is dependent on gNB response to the grant free transmission.  
If UE moves to a new gNB, the X2 transfer latency and the processing delay for retrieving the UE context should be taken into consideration, which can vary depending upon its deployment. As shown in Figure 2-4, when UE sends UL data to a gNB within the same location area, this gNB may buffer and forward the UL data till it gets valid UE context from the anchor gNB. Hence, the benefit from sending UL data before entering connected state will be affected due to the potential delay caused by context fetch procedure. 
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Figure 2-4 Forward UL data after retrieving UE context

In order to mitigate such impact, the context management and user data handling may need to be improved. E.g., the UL data could be forwarded to anchor gNB in parallel with the context request from the new gNB as shown in Figure 2-5. Thus, the UE context derivation and UL data transferring could be performed simultaneously in anchor gNB to reduce the UL data transmission latency.
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Figure 2-5 Forward UL data when retrieving UE context

Proposal 5: RAN2 to study the optimization of the UE context fetch, authentication and forwarding of the UL data to minimize the latency of initial UL data transmission when grant free/contention based transmission is applied in new state.

At the present, the NW may restrict access attempts from some UEs to prevent the network overload. In addition, results from Rel10 contention based study [9] shows the gains of a contention based access were shown as quickly collapsing when the number of collisions increases which are related to the number of UEs and the attempt of the UL contention based transmission. Thus how to prevent the overload and reduce the collision by selecting a proper barring mechanism may need consideration.
Proposal 6: RAN2 to study the access control for different solutions on data transmission in new NR state.
3
Conclusions

This contribution has analysed potential solutions for supporting data transmission when UE is in new NR state, following observations were made:
Observation 1: The data transmission can more effectively take advantage of the appropriate scheduling therefore trade off delay for higher throughput when UE is in connected state.

Observation 2: Whether all the data pending for transmission in the UE could be sent during state transition is determined by the allowed message size of the UL transmission and the pending uplink message size in UE.
Observation 3: The context fetch performed during mobility limits the advantage of transmitting data during state transition.
Observation 4: To send UE back to the RRC_INACTIVE state after transmitting data during the state transition to RRC_CONNECTED state does not provide obvious advantage.

Observation 5: The data transmission in the RRC_INACTIVE state is applicable for those UEs which have timed transmission with a small amount of data minimize UE power consumption.

Based on those observations, we propose

Proposal 1: RAN2 to study methods which enable fast state transition from RRC_INACTIVE state to connected state.
Proposal 2: The eNB provides a threshold by which UE decides whether to apply UL grant free/contention based transmission depending on the amount of data in the buffer.

Proposal 3: RAN2 to study those open issues for supporting the grant free/contention based transmission in the new state.

Proposal 4: Define grant free/contention based transmission generic from uplink data content point of view and UE state transition from the new RRC state to RRC connected state is dependent on gNB response to the grant free transmission.  
Proposal 5: RAN2 to study the optimization of the UE context fetch, authentication and forwarding of the UL data to minimize the latency of initial UL data transmission when grant free/contention based transmission is applied in new state.

Proposal 6: RAN2 to study the access control for different solutions on data transmission in new NR state.
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