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1 Introduction
During RAN2#97, RAN2 discussed about UL data transmission in inactive. Based on the discussion, the RAN2 chairman report captured the following agreements of the baseline operations for UL data transmission in NR as follows [1]: 

Agreements for common aspects of the potentials solutions for UL data in inactive (as yet there is no agreement to support UL data in inactive):
1a1: The UE AS context identifier used for uplink data transmission in RRC_INACTIVE should be the same as the one used in state transition from RRC_INACTIVE to RRC_CONNECTED.
1a2: The UE AS context is located and identified in the network via an “AS Context ID” which is allocated by the network and stored in the UE (and the network) when the UE goes to RRC_INACTIVE and is used to locate the AS context when the UE either tries to transmit small data and/or to perform a transition to RRC_CONNECTED.
1c: The UE AS Context can be stored in an “anchor”/source gNB and may be fetched to the new serving gNB when needed upon the triggering of small data transmission and/or transition from RRC_INACTIVE to RRC_CONNECTED. 
1d:  The network should have the ability to perform a context update when the UE sends small data in RRC_INACTIVE. That update should rely on RRC signalling and should be done in the “second” message (e.g. RRCConnectionResume or a control response message triggered by small data transmission).
2a: Small data transmission can both operate with 2-step or 4-step RACH procedure.  
2b: Small data transmission uses the AS Context ID transmitted in the “first” message for contention resolution (at least when RACH is used).
3: 	After the “first” message with small UL data is received the network should be able to inform the UE that it should move to RRC_CONNECTED via a DL RRC message (e.g. RRCConnectionResume).
5a1: Transmission of large data is envisioned to cause a state transition to RRC_CONNECTED.  The state transition is a network decision.
5b: The UE provides in the “first” message with the initial uplink data transmission all necessary information to enable the network to move the UE to RRC_CONNECTED state or to enable the network to let the UE remain in RRC_INACTIVE e.g. BSR.  It is FFS if a data threshold would be applied to trigger a separate procedure for data transmission as opposed to connection resume.
6a: Subsequent small uplink data transmissions (I.e. transmissions after the first UL data) in RRC_INACTIVE should be supported. FFS whether the term “subsequent small data” cover only the case of infrequent transmissions or also frequent transmissions.
6b: It is beneficial to send small downlink data to the UE with the network response message (e.g. Msg4) if user plane data are available, provided that the user plane design supports it.
8a: Small data transmission solution should be able to support at least RLC ARQ mechanism. 
Note: Wait for RAN1 progress regarding HARQ retransmissions.
10: Whichever solution is selected, the UE performs the tasks based on its RRC state.  Further tasks specific to the data transmission procedure can be discussed if they are found necessary.
12: The “first” message with small UL data could provide information to enable the network to apply Overload control and prioritisation, if needed.  It is FFS what form of overload control/prioritisation might apply in the contention based case.



During RAN#75, RAN plenary discussed the working scope on NR WI (Release 15) and for the data transmission in INACTIVE, the working scope is decided as below [2]:

UL and DL data transfer in RRC_INACTIVE might be studied only if all of the other objectives have been completed and time is permitted.



As the decision of RAN plenary, the further discussion data transmission in INACTIVE may be delayed to the later meeting of NR WI. Because of limited time to online discussion in RAN2 meeting, RAN2 may prefer and prioritize simpler design for data transmission in INACTIVE to complete its design within NR WI.  
In this paper, the remaining issues on data transmission in INACTIVE are discussed except the baseline operations as potentials solutions already agreed through email discussion and previous RAN2 meeting including supporting security and sub-sequent data transmission or not, and DRB configuration for QoS.
2 Discussion 
When data is transferred in INACTIVE, 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 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. To compensate the drawbacks of data transfer in the INACTIVE, RAN2 agreed to progress the study for UL data transmission in INACTIVE.
However, following the decision of RAN plenary #75, the further discussion on data transmission in INACTIVE may be delayed to the later meeting of NR WI. Because of limited time for online discussion in RAN2 meeting, RAN2 may prefer and prioritize simpler design for data transmission in INACTIVE to complete its design within NR WI. And other candidate schemes/options deal with NR Phase 2 or further study.
Proposal 1: [bookmark: _Ref477540426]RAN2 should consider a simpler design for data transmission in INACTIVE.
2.1 Security support for data transfer in INACTIVE
For the RAN2’s question  regarding encryption, does it have any security risk to continue sending UL and DL data using the old encryption key in RRC_INACTIVE, SA3 replied the security key need to be changed when different PDCP entity is used with different security context [3]. 
Proposal 2: [bookmark: _Ref477956082]Security for data transmission in INACTIVE is supported only when UE initiates transmission within same PDCP entity without new security key derivation.
To apply the new security key or not, UE and network need to know when the PDCP security context changes. In LTE, there is an equal sign between eNB and the PDCP security context, and in UMTS there is an equal sign between the RNC and the PDCP security context. In NR, the same PDCP context can be applied for multiple nodes but specifically it may depend on the CU-DU architecture.
[bookmark: _Ref477852829]However, normally network operators do not expose network architecture so UE does not know in which node the PDCP entity resides. For the handover procedures in RRC_CONNECTED, the RAN2 agreed that the network can inform the UE in the handover command whether security key needs to be updated or not but does not inform to the UE on the network architecture. While in RRC_INACTIVE, if it is at the different cell from the cell where UE was previously connected, UE can enter RRC_CONNECTED to send data [4]. 
2.2 Maintain reflective QoS in INACTIVE
RAN2 agreed ‘reflective QoS’ in RAN2#96, which applies QoS mapping rule (flow ID to DRB) based on monitoring result of DL QoS mapping. Reflective QoS can save the overhead caused by UL TFT mapping in CN and gNBs. Even though this QoS mapping rule (QoS flow ID to DRB) is mainly discussed for active state, QoS flow ID mapping can be transparent to RRC state (ACTIVE or INACTIVE).  For instance, network and UE can keep the QoS mapping rule of active state and apply it when new data is initially transmitted in INACTIVE.
Therefore, the DRB for data transmission related to reflective QoS in INACTIVE can be configured with the two alternatives as below:
1) Use just one DRB during INACTIVE state without reflective QoS
2) Keep the same QoS mapping rule with the recent active state
At a glance, operating one DRB within INACTIVE seems simple. However, it may cause the signalling overhead for DRB configuration when RRC state transits to active, which can lead longer latency [5].
Proposal 3: [bookmark: _Ref477795615]In INACTIVE, the DRB configuration including the rule of QoS flow ID mapping to DRB is maintained.
2.3 Same MAC/RRC procedures for URLLC and eMBB
The data transmission in INACTIVE can be operated with the same or different MAC/RRC procedures for URLLC and eMBB service as below: 
1) Apply single MAC/RRC procedure regardless of the use case such as URLLC and eMBB:
The same MAC/RRC procedure can be applied. For instance, if UL data transmission in INACTIVE with RRC signalling is applied to both URLLC and eMBB, or UL data transmission in INACTIVE without RRC signalling can be used for all services. 
2) Apply separate MAC/RRC procedures for each QoS or use case:
Different solutions can be applied according to use case or service requirement. For instance, for URLLC, UL data transmission in INACTIVE with RRC signalling, whereas for eMBB, UL data transmission in INACTIVE without RRC signalling or vice versa can be applied.
If the initial UL data is transmitted with RRC signalling in INACTIVE, UE context identifier can be carried with that RRC connection resume request. Even though RRC signalling is used or not, it can gratify the same the service requirements. However, without RRC signaling, data transmission in INACTIVE requires new MAC header, MAC CE format for the UE context identifier.  And it also may require additional bearer configuration and security procedures. The additional RRC signalling at the initial UL data transmission in INACTIVE itself is not a big burden, because it can be multiplexed with UL data with same MAC PDU [6].
Observation 1: RRC signaling for UE context delivery can be multiplexed with UL data, making it more efficient to apply the same MAC/RRC procedures regardless of the service requirements. 
Proposal 4: [bookmark: _Ref477540915]For design simplicity, data transmission in INACTIVE is operated with the same MAC/RRC procedures from URLLC and eMBB bearers. 
2.4 Support subsequence data transmissions in INACTIVE
During RAN2#97, RAN2 agreed subsequent small uplink data transmissions (I.e. transmissions after the first UL data) in RRC_INACTIVE should be supported. FFS whether the term “subsequent small data” cover only the case of infrequent transmissions or also frequent transmissions.
There can be the two types of subsequent UL transmission, the first one is segmented UL traffic with known buffer size with BSR, and the second type is new arrived UL transmission after first UL data transmission within short time duration with unknown UL buffer size at the time of the first UL data transmission:
Type 1) because of limited payload size of the first UL data transmission, the UL traffic already buffered in UE need to be segmented with subsequent UL data transmissions. 
Type 2) the other case is new UL traffic arrivals after first UL data transmission and before the following subsequent UL data transmission.
Proposal 5: [bookmark: _Ref477768151]Subsequent data transmission in INACTIVE is supported with an assumption that data volumes are below the threshold. 
When UE transmits the first UL data transmission in INACTIVE, the first UL transmission can be based on contention-based RACH, the residual subsequent UL data can be transmitted with UL grant as shown Figure 1.
 For simple design, the baseline of UE operation can be set to decode PDCCH continuously after the first UL data transmission (RRC connection request) as in legacy LTE RACH operation. However, even with continuous PDCCH decoding, it is not same with full connected ACTIVE state, thus UE doesn’t need to report periodic CQI feedback with CRS decoding and measurement for mobility support. 
To save UE power consumption further, as an example of optimized solution, UE can selectively turn on the receiver for UL granted slot with multiple UL grant. The multiple acknowledgments for the subsequent UL transmissions (RLC SDU or MAC SDU) can be aggregated with one packet and piggybacked with RRC response message (suspend or resume) [7]. 


Figure 1: Example of subsequent UL transmission with BSR in INACTIVE.
3 Conclusion
Based on the above observations and conclusions, RAN2 is requested to discuss and if possible agree on the following proposal:
Proposal 1: RAN2 should consider a simpler design for data transmission in INACTIVE
Proposal 2: Security for data transmission in INACTIVE is supported only when UE initiates transmission within same PDCP entity without new security key derivation.  
Proposal 3: In INACTIVE, the DRB configuration including the rule of QoS flow ID mapping to DRB is maintained.
Proposal 4: For design simplicity, data transmission in INACTIVE is operated with the same MAC/RRC procedures from URLLC and eMBB bearers.
Proposal 5: Subsequent data transmission in INACTIVE is supported with an assumption that data volumes are below the threshold. 
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