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1   Introduction
RAN2 NR AdHoc discussed various aspects of data transmission in RRC_Inactive state [1], where Solution-A and Solution-B were considered. While, Solution-A provides a method where UE initiates UP data transfer in RRC_Inactive state without transmitting any RRC message, Solution-B uses LTE based RRC framework with further enhancements to support UP data transmission while remaining in RRC_Inactive state. Note that, both solutions support the transition of UE to RRC_Connected state if required.
In this contribution, we discuss various commonalities and differences between the two solutions and provide our view on how to progress this study.
2   Discussion
Solution-A, as discussed in [2], provides a mechanism where UE is not required to transmit any RRC signaling to initiate data transfer in RRC_Inactive state. The solution assumes a subset of DRBs to be maintained during inactive state, which can be used to transmit UP data along with a UE identifier to locate and/or fetch the UE AS context from the anchor node. Although the proponents of the scheme assume grant-free (or contention based) resources at least for initial data transmission, some companies have also indicated support of RACH prior to UP data transmission.
Solution B as a baseline uses three RRC messages (resume request, resume, resume complete) with further enhancement to multiplex UP data with the given RRC messages [3]. The first RRC message (resume request) is expected to carry a UE identifier required to locate and fetch the UE AS context in the network. Although, the basic call flow of the solution is designed with the assumption of 4-step RACH, the framework can also be applied to 2-step RACH if required. 

It was agreed in RAN2#NR AdHoc to initiate email discussion to identify commonalities and differences among Solution-A and Solution-B which could help to decide a way forward for UL data transmission in RRC_Inactive state. We, thereby, provide a few differentiating aspects among the given solutions to help make an informed decision.
2.1   RRC Signaling Considerations
In Solution-A, when UL data becomes available for transmission, the UE is required to make the decision whether to initiate RRC procedure to transition to RRC_Connected state or perform data transfer while remaining in RRC_Inactive state. In order to take this decision, a threshold based procedure is assumed based on different parameters like buffer status, latency, etc. If network decides to move the UE to RRC_Connected state during data transfer (e.g. based on indicated buffer status), it can transmit RRC connection resume message to UE. However, given that UE may not transmit RRC connection resume message, it should be considered how network performs admission/congestion control for inactive mode data transfer in the absence of any establishment cause value.
In Solution-B, UE would be required to make a similar decision whether to transmit data in Msg3 or not. The UE also transmits RRC resume request message along with Msg3. Based on the information provided in Msg3 (e.g. buffer status indication), network may reuse the LTE resume framework to move the UE to connected mode by transmitting RRC connection resume message with state change indication. 

Observation 1 Whether the UE stays in RRC_Inactive or moves to RRC_Connected is handled using one procedure in case of Solution-B. In Solution-A, the network may transmit RRC connection resume message directly to UE, if the network decides to move the UE to RRC_Connected state during inactive mode data transmission.
Observation 2 Impact on admission/congestion control performed by network for inactive mode data transmission needs to be considered in the absence of establishment cause value in Solution-A.
It should also be noted that in absence of RRC resume request message, Solution-A requires inclusion of RRC resume request contents (e.g. UE identity) in MAC CE or RLC/PDCP headers. While, it is relatively easier to extend or modify the RRC messages, the same is not applicable for MAC CE or PDCP/RLC headers. So, Solution-B is expected tofare better with respect to forward deployment considerations. 

Observation 3 Solution-B is more robust with respect to forward compatibility consideration. 
2.2   UE Context Management
In both solutions A and B, one potential commonality is that the UE context can be stored in anchor gNB and can be fetched by the new serving gNB when required upon triggering of small data transmission and/or transition from RRC_INACTIVE to RRC_CONNECTED. 
For Solution-B, context fetch may have to be triggered as soon as gNB receives resume request message in order to authenticate the UE and establish RRC connection. Where as, Solution-A, as proponents claim, can potentially delay the context fetch procedure by routing the UP data directly to the anchor gNB using the UE AS context identifier included in the UP data header. This may reduce Xn signaling overhead arising due to frequent context fetch, but its benefits needs to be carefully studied against extra signaling arising due to UP data tunneling and complexity of the procedure required to implement this feature. In our understanding, for both solutions, the serving gNB which receives verification information needs to forward the information to anchor gNB where the UE context is stored. Hence, some amount control signaling would be required between the serving and anchor gNB to authenticate the UE. 

Note that, it needs to be clarified whether in Solution-A, UE provides authentication information or not to the network. This is dependent on the decision taken by SA3 for inactive mode data transmission. Based on our assumption, some kind of UE context validation information would be required for both solutions.
Observation 4 For both solutions, the serving gNB which receives the verification information from UE needs to forward the information to anchor gNB where the UE context is stored.
2.3   Physical Layer Transmission
Solution A assumes use of grant-free resources for initial UL data transfer, while support of RACH is also suggested by other companies. For the case when grant-free resources are used for Solution-A, UL data transfer can be initiated in the first UL transmission by UE, while Solution-B using 4-step RACH would require atleast 2 message exchanges (Msg1 and Msg2) before any UL data can be transmitted which results in higher delay. Hence, using grant-free resources has latency benefits over 4-step RACH.
However, our understanding is that usage of same physical layer transmission for UL data transmission would result in similar delay performance of both Solution-A and Solution-B, as UP data can be transmitted in the first L2/L3 message for both solutions and no prior control signaling is required to initiate UP data transfer. Hence, Solution-A using 4-step RACH will provide similar latency performance as Solution-B. 
It should be noted that RAN1 has not made significant progress on grant-free transmission procedure and any decision by RAN2 pertaining to grant-free transmission may require additional RAN1 input. 
Observation 5 Since, RAN1 has not made significant progress on grant-free transmission mechanism, it is highly anticipated that RACH procedure will be used for Solution-A. 

Observation 6 The latency performance for Solution-A and Solution-B is expected to be similar when same physical layer transmission mechanism (e.g. RACH procedure) is used.  
3   Conclusion
This paper discusses different aspects of direct downlink transmission for RRC_INACTIVE mode. Following observations are made in this paper:
Observation 1:
Whether the UE stays in RRC_Inactive or moves to RRC_Connected is handled using one procedure in case of Solution-B. In Solution-A, the network may transmit RRC connection resume message directly to UE, if the network decides to move the UE to RRC_Connected state during inactive mode data transmission.
Observation 2
Impact on admission/congestion control performed by network for inactive mode data transmission needs to be considered in the absence of establishment cause value in Solution-A
Observation 3:
Solution-B is more robust with respect to forward compatibility consideration.

Observation 4:
For both solutions, the serving gNB which receives the verification information from UE needs to forward the information to anchor gNB where the UE context is stored.

Observation 5:
Since, RAN1 has not made significant progress on grant-free transmission mechanism, it is highly anticipated that RACH procedure will be used for Solution-A.
Observation 6:
The latency performance for Solution-A and Solution-B is expected to be similar when same physical layer transmission mechanism (e.g. RACH procedure) is used.
Based on our observations, the UP latency performance is expected to be similar for both Solution-A and Solution-B. Given that Solution-B has better advantage in terms of forward compatibility, we propose to consider Solution-B as baseline solution for further study of UL data transmission in RRC_Inactive state.
Proposal 1:
Consider Solution-B as baseline solution for UL data transmission in RRC_Inactive state.
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