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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 eNB 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:

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 ()
- 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”?
…
- 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)?

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

This contribution aims to investigate detailed solution for data transfer in inactive state considering all aspects as identified in RAN2 in R2-167211 [3]. In this paper, the overall procedure for data transfer in inactive state and decision for RRC state transition to full connected state is discussed. The design requirement issue for data transfer in inactive state is dealt separately in [4].
2 Discussion 
When data is transferred in inactive state, the signalling overhead and delay from RRC state transition (between inactive and active) can be avoided. Furthermore, inevitable 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 UE inactivity timer is running.
Based on the RAN2 agreement, which mentioned “at least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving comparable power efficiency to that of LTE’s idle state”, it is likely that UE does not send periodic UL feedback in the inactive state to achieve energy efficiency comparable with LTE idle state. Also the data may need to be transferred based on the grant-free transmission mechanism to achieve both delay reduction and energy efficiency by reducing the number of control signalling. But these changes may have drawbacks; lack of periodic CQI feedback can cause degradation in spectral efficiency, and grant-free transmission may cause potential collisions at higher loading [5]. To compensate the drawbacks of data transfer in the inactive state, RAN2 agreed how to progress the study for UL data transmission in NR new state.

2.1 Condition for RRC state transition to full connected (active) state
This section describes the solution approaches for the following questions: how to decide when to use small data transmission in inactive state rather than moving to connected state and then transmit data? How potential subsequent transmissions and/or “large data” is handled, requiring transition to “full connected state”? 

The data transmission options can be classified as follow;

1) Data transmission in inactive and then stay in inactive state
2) Directly RRC state transit to active (full connected) state then data transmission and stay in active state till connection close
Figure 1 shows exemplary call flow/procedures of decision making for RRC state transition. In the example, event condition that the UE should transitions to RRC active state for data transmission is configured when the UE first transitions to RRC inactive state from RRC active state. The event may be defined based on the UE MAC buffer size and/or received signal strength (RSRP).
 Proposal 1: Based on the network configured event/threshold, UE can transmit UL data in inactive state or transit to RRC active state directly.
For the UE operation perspective, above two RRC related data transmission modes can be translated as below 4 options with assumption of 4-step RACH based UL data transmissions;
Option-1) Data transfer only in MSG3 (i.e. single UL transmission) with RRC connection resume request
Option-2) Data transfer in MSG3 with RRC connection resume request and subsequent UL transmissions after receiving MSG4 in RRC inactive state
Option-2.1) Data transfer after receiving MSG4 (contention resolution) in RRC inactive state
Option-3) No data transfer in random access procedure, i.e. transit to full connected (active) state directly
Proposal 2: If data transmission in inactive state is supported, according to UL payload size, UE can transmit UL data with MSG3 and/or subsequent UL transmissions after receiving contention resolution (RACH MSG4) in RRC inactive state.
The first issue RAN2 needs to discuss would be feasibility of data transmission in RACH MSG3 from payload size perspective. Suitable payload size of RACH MSG3 needs to be studied considering cell edge spectral efficiency and minimum bandwidth of NR so that data transmission in RACH MSG3 is feasible in most of the coverage areas. To facilitate efficient data transmission in RACH MSG3, the maximum payload size of RACH MSG3 can be set differently according to UE’s location from the cell (gNB). I.e., if received signal quality such as RSRP is stronger than a pre-configured threshold, relatively larger data can be allowed and piggybacked in RACH MSG3.
Proposal 3: The feasible payload size of RACH MSG3 considering spectral efficiency and bandwidth of NR needs to be inquired to RAN1.
If MAC buffer size is way bigger than the allowable payload size of RACH MSG3, it would be more efficiency to transition to RRC active state and transmit all the data in the state. But if the MAC buffer size can be digested in a few DL/UL transmissions, sending the data in RRC Inactive state and avoiding state transition to RRC active state would be beneficial from UE energy consumption perspective as analysed in [5]. 
There can be two buffer size thresholds; one for identifying amount of data inserted in MSG3 so called ‘buffer threshold for MSG3’ and the other one for RRC state transition to full connected (active) state, ‘buffer threshold for transition to active state’. As explained above, the buffer threshold for MSG3 can be set considering cell edge spectral efficiency, minimum system or UE bandwidth (if UE bandwidth can be narrower than system bandwidth as discussed in RAN1) and received signal quality at UE.
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Figure 1: Exemplary procedures of decision for RRC state transition to transfer data.
If the MAC buffer size of UE is smaller than pre-configured threshold for MSG3, it can complete the data transmission only with MSG3 followed by MSG4 for RRC response from gNB, e.g. suspend message. The UE can indicate the need or intention of data transmission in MSG3 using MSG1 sent in a pre-configured time-frequency-sequence resource. The gNB can assign appropriate UL grant for the MSG3, e.g. assuming minimum MCS and minimum system/UE bandwidth gratifying UE requirement, if it receives MSG1 in the pre-configured resource. However, if the MAC buffer size of UE is larger than pre-configured MSG3 threshold, the UE can send data with buffer status report and possibly filtered CQI feedback in MSG3. The gNB can allow continuous UL transmission in the RRC inactive state based on the buffer status information in MSG3 and subsequent UL transmissions. The filtered CQI may help gNB scheduling the UE with proper MCS level that leads to the better spectral efficiency.

Proposal 4: The need or intention for data transmission in the inactive state can be indicated using RACH MSG1 sent in a pre-configured time-frequency-sequence resource.
If the MAC buffer size is smaller than the buffer threshold of RRC state transition to full connected (active) state, gNB can allow the UE to continue sending data in inactive states. Otherwise, (the MAC buffer size is larger than buffer threshold for active state), gNB sends RRC resume message to command the UE transit to full connected (active) state. The MAC buffer status of UE or information on whether the MAC buffer is larger than the threshold for state transition can be included in MSG3. 

If the MAC buffer size is smaller than the buffer threshold of RRC state transition to full connected (active) state, gNB can allow the UE to continue sending data in inactive states. Otherwise, (the MAC buffer size is larger than buffer threshold for RRC state transition to active state), gNB sends RRC resume message to command the UE transit to full connected (active) state. The information on whether the MAC buffer is larger than the threshold for state transition can be included in MSG3 to distinguish Option-2.1 (data transfer after receiving MSG4 (contention resolution) in inactive state) and Option-3 (directly transit to full connected (active) state).
Observation 1: The information on whether the MAC buffer is larger than the threshold for state transition can be included in MSG3 to distinguish from data transfer after receiving MSG4 (contention resolution) in inactive state.
2.2 Procedure for data transfer in inactive state
In this section, the detail procedures of UL data transmission are discussed following the condition for RRC state transition as described in previous section. For data transmission in inactive state, we assume the 4-step random access procedure as in LTE system.
Benefit and drawbacks of UL data transmission options 
For the UL data transmission within inactive state, there are two options as shown Figure 2; (a) data transmission only with MSG3 (i.e. single UL transmission) (Option-1) or (b) data transfer with MSG3 and subsequent UL transmissions after receiving MSG4 (contention resolution) in RRC inactive state (Option-2).
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(a) Data transfer with MSG3 (Option-1)
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(b) Data transfer with MSG3 and subsequent UL transmissions after receiving MSG4 (Option-2) 


Figure 2:  Example of UL data transfer with 4-step RACH procedures in RRC inactive state
As shown in Figure 2 (a), UL data can be transmitted on DRB and multiplexing with RRC connection resume request on SRB on MSG3. It is assumed that UE accesses the cell it connected at the last time, and both gNB and UE keep a valid radio network identifier allowing the UE to send the user plane DTCH data [6]. We also assume that the RRC signalling to control RRC state transition (from inactive to active state or just stay within inactive) can be RRC connection resume request and its response.
To enhance spectral efficiency of data transmission, information similar to BSR (e.g. Data Volume Indicator of NB-IoT) and CQI as in LTE are needed. However, such information can only be included in MSG1 before data transfer with MSG3 (Option-1) as MSG1 of random access procedure is the only UL transmission before MSG3. MSG1 is transmission of RA preamble, and it can deliver only limited information from UE to eNB (i.e. using grouping of RACH preamble). 
Observation 2: Data transferred in MSG3 (Option-1) can utilize limited control information such as CQI or BSR.
Data transfer with MSG3 (Option-1) has less the number of required Tx/Rx signaling than other options. However, if the collision probability is increased, the required number of Tx/Rx can be increased. Furthermore, data transferred in MSG3 (Option-1), which is transmitted before the complete of contention resolution, can be useless when the contention resolution fails.
Observation 3: Data transferred in MSG3 (Option-1), which is transmitted before the complete of contention resolution, can be useless when the contention resolution fails.
If UL data transmission is not completed in MSG3 and needs further UL resource, UE can transmit subsequent UL data after receiving MSG4 of RACH (contention resolution).

Figure 1 (b) shows (Option-2) data transfer with MSG3 and subsequent UL transmissions after receiving MSG4. Because in Option-2.1 the subsequent UL data is transmitted after receiving MSG4, the completion of the contention resolution, the data transmission is not affected by collision. In Option-2 and Option-2.1, UE can inform control information such as BSR, CQI and receive UL grant utilizing MSG3 to enhance transmission efficiency.
Observation 4: UE can inform control information such as BSR, CQI and receive UL grant utilizing MSG3 to enhance transmission efficiency.
Figure 3 shows the example of direct RRC state transition to full connected (active) state for data transmission similar with RRC state transition as in legacy LTE. Following the condition for RRC state transition as described in previous section, if the MAC buffer size is larger than the buffer threshold of RRC state transition to full connected (active) state, UE can send an indication of RRC transition to active state in MSG 3 to distinguish Option-2.1 (data transfer after receiving MSG4 (contention resolution) in inactive state) and Option-3 (directly transit to full connected (active) state). 
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Figure 3: No data transfer in inactive state, then transit to full connected (active) state directly
UE identity and DL acknowledgment for UL data
It is commonly assumed that when UE is transitioned to the inactive state, the RRC context of a UE can be stored at the last connected cell. This implies that if the UE tried to resume its connection with the cell that it connected at the last time, the same MAC layer ID as C-RNTI in LTE can be re-used for contention resolution and subsequent UL and possibly DL scheduling. If the cell is a new cell in the same RAN paging area, the UE needs to get its MAC layer ID at the new cell (e.g. for UL and DL scheduling) during RACH procedure, e.g. in MSG4. It is FFS whether a new MAC layer ID for the inactive state is needed and if it is same or different from the one for active state [6].
For all the UL data transmissions, DL acknowledgement (both HARQ and RLC) should be supported even in the inactive state. As UL data transmission is allowed from MSG3, DL HARQ feedback can be naturally supported as in LTE. For RLC acknowledgement, the gNB needs to schedule DL transmission for the UE and send the RLC STATUS PDU. 
Proposal 5: If data transmission in inactive state is supported, DL acknowledgement (both on RLC and HARQ level) related with UL data transmission should be supported.
3 Conclusion

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

Proposal 1: Based on the network configured event/threshold, UE can transmit UL data in inactive state or transit to RRC active state directly.

Proposal 2: If data transmission in inactive state is supported, according to UL payload size, UE can transmit UL data with MSG3 and/or subsequent UL transmissions after receiving contention resolution (RACH MSG4) in RRC inactive state.

Proposal 3: The feasible payload size of RACH MSG3 considering spectral efficiency and bandwidth of NR needs to be inquired to RAN1.

Proposal 4: The need or intention for data transmission in the inactive state can be indicated using RACH MSG1 sent in a pre-configured time-frequency-sequence resource.

Proposal 5: If data transmission in inactive state is supported, DL acknowledgement (both on RLC and HARQ level) related with UL data transmission should be supported.
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