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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:  

[96#xx][NR/] UL data in inactive solution A (Huawei) and solution B (Ericsson)

To capture detail of the solution for sending UL data with RRC signalling in inactive state with/without transition to connected. Focus should be on the RAN2 aspects and to be as independent as possible of the Phy layer mechanism that is used. The solution should address the questions identified at the last meeting

This contribution aims to investigate general considerations on design principles of data transmission in inactive based on logical MAC design independent from RAN1 design of channel access including radio bearer configuration, UL synchronization, UE identifier for data transfer in inactive state.
2 Discussion
There are multiple candidate channel access options for data transfer in inactive or active state has been discussed in RAN2. For instance, depending on RAN1 decision/agreements, the channel access options such as grant-free (SPS-like, new MA (multiple access) and RACH (2-step, 4-step) can be applied for UL data transmission in inactive state.
In this paper, general considerations on design principles of data transmission in inactive is discussed based on logical MAC design for data transfer in inactive state regardless of RAN1 design of channel access. The main questions are as below.

- MAC/RRC procedures should be different for use cases such as URLLC and eMBB?
- How QoS can be support for data transfer in inactive state? 
- If UE moves to new gNB during inactive state, how data can be transfer still within inactive state?
2.1 Use cases for data transfer in inactive
The main scenarios for data transfer in Inactive and related performance requirements are UE energy saving for eMBB as well as latency reduction for URLLC as discussed in [4].
Same MAC/RRC procedures for URLLC and eMBB

The supporting data transmission in inactive state can be operated with same or different MAC/RRC for URLLC and eMBB procedures.  For instance, the criterion of RRC state transition to full connected state for various QoS or use cases such as URLLC and background traffic of eMBB

Option 1) Single solution framework: one (buffer size) threshold for default bearer or multiple (buffer size) thresholds for per bearers.

Option 2) Separate solution framework for each QoS or use case: for URLLC to gratify low latency requirement, immediate RRC transition to full connected state except first transmission. In other side, for background traffic of eMBB, RRC transition can be operated based on buffer size threshold.

Even Option 2, the separate framework depending on QoS or use case can be reducing the latency for URLLC for somehow, it can be more complex. Furthermore, during RAN2#96, RAN2 agrees that the latency for URLLC is defined only within full active state, excluding the latency from RRC state transition as below

Agreements

1
NR design will aim to meet the URLLC QoS requirements only after the control plane signalling for session setup has completed (to eliminate the case that the UE is initially in idle)

Proposal 1: For design simplify, the supporting data transmission in inactive state can be operated with the same MAC/RRC procedures from URLLC and eMBB bearers.
2.2 Data transfer in inactive supporting QoS considering UE mobility
In this section, QoS supporting for data transmission in inactive state considering UE mobility including radio bearer configuration, UE identifier for data transfer in inactive state.
The control plane solution in NB-IoT utilizes SRB (Signalling Radio Bearer) with NAS security, however it can causes heavy load to MME. In NR, within inactive state, SRB is required to transmit and receive RRC request and response and furthermore the DRB configuration is also needed for the UL data transmission such as URLLC and keep-alive of eMBB [5] which is likely to have more frequent and more traffic load than NB-IoT service. 

New UE context for data transfer in inactive state

When UE moves around to the inactive state, it is likely to UEs will keep parts of the RAN context those are at least for the semi-static information i.e. still valid after inactivity periods such as Access Stratum (AS) security context, UE capability information, etc. In addition to storing the RAN context the UE is allowed to move around within a pre-configured area without notifying the network. This avoids the need in the network to handle the mobility of these devices. Therefore, though UE context retrieving, the set of DRB parameters can be pre-configured before real data transmission in inactive state. The details of DRB configuration such as the number of DRB and its detail parameters can be left to the work item phase.
Considering UE mobility within inactive state, when UE transmits UL data, the gNB can be changed from the last camped gNB as full connected state. Therefore, the DRB can be configured to the current camp gNB just before the first UL data transmission of the data burst. 
However, to carry the required parameter of DRB configuration, additional transmission before real data transfers in inactive state. If we assume 4-step RACH, we can utilize RACH preamble with data indication and RACH response. Because the size of payload is not enough to inform parameter of DRB configuration, those can be pre-configured at the beginning of inactive state.
RAN2 agreed ‘reflective QoS’ for full active state in RAN2#96. For reflective QoS, the UE determines QoS Flow ID to DRB mapping in the uplink based on the downlink packets received within a DRB and applies those filters for mapping uplink Flows to DRBs which can save the managing overhead of UL TFT. Even in inactive state, the UE keeps its context including DRB, their configuration and QoS flow ID mapping to DRB.
Proposal 2: Considering UE mobility, the stored UE context retrieves can be reused and the set of DRB parameters can be resumed just before the data transmission. 

UE Identifier for data transmission in inactive state 
To be able to identify a UE in that INACTIVE state within larger area (paging area) that cell, a certain radio network identifier could be needed such as resume_ID in NB-IoT or new ID so called A-RNTI [6] and it can be much longer than legacy ID (i.e., C-RNTI). This kind of ID is required for the UE context retrieve and security procedures. 
However the longer size ID can cause the incensement of PDU size; it leads UE operation overhead to decode the message scrambled with longer size ID. After UE context retrieves, UE identifier needs to be unique at least within current cell. As an example operation, to reduce the overhead with longer UE Identifier for data transfer in inactive state, simply we can use C-RNTI even in inactive state for data transfer if UE remains last camped cell, Otherwise, if UE moves to the new gNB, UE also can use a temporary RNTI for data transfer during inactive mode which is converted to C-RNTI when UE moves to connected mode.
Proposal 3: Consider a solution with C-RNTI and A-RNTI as the baseline for further NR studies.
3 Conclusion

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

Proposal 1: For design simplify, the supporting data transmission in inactive state can be operated with the same MAC/RRC procedures from URLLC and eMBB bearers.
Proposal 2: Considering UE mobility, the stored UE context retrieves can be reused and the set of DRB parameters can be resumed just before the data transmission.
Proposal 3: Consider a solution with C-RNTI and A-RNTI as the baseline for further NR studies.
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