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Introduction
In RAN2#95bis, it has been agreed that there will be a procedure where the UE moves from RRC_INACTIVE to RRC_CONNECTED. What has not been agreed yet is whether there is a need for an additional solution and/or optimization for small data transmission. Based on previous experiences, the following design questions have been identified and should be answered by any proposal: 
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?

This contribution shows that since a state transition from RRC_INACTIVE to RRC_CONNECTED is required and most of these questions need anyway to be responded for that case, RAN2 should simply focus the effort in designing the state transition and possibly optimize it for that case minimize the amount of standardization efforts.
[bookmark: _Ref178064866]Discussion
It has been agreed that there will be a procedure to move UEs from RRC_INACTIVE to RRC_CONNECTED. In one of the approaches agreed to be studied, the state transition signaling from RRC_INACTIVE to RRC_CONNECTED can be optimized to enable small data transmission in message 3 as shown in Figure 1.
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[bookmark: _Ref465255361]Figure 1. Proposed baseline solution based on the state transition from RRC_INACTIVE to RRC_CONNECTED
In the following we respond how the design questions cold be addressed by the procedure for the transition from RRC_INACTIVE to RRC_CONNECTED. 

i.	How DL acknowledgement is handled (both on RLC and HARQ level and on application layer) and how DL data is handled?
To ensure reliability, it is quite likely that acknowledgement of UL transmissions should be provided on many layers e.g. HARQ, RLC, TCP and application layer. If the UE would remain RRC_INACTIVE after UL transmission these acknowledgments would trigger paging, which could lead to significant inefficiencies and/or delays. Since the proposed solution could benefit of the explicit signalling to indicate whether the UE remains in RRC_INACTIVE or moves to RRC_CONNNECTED it is possible for the network to acknowledge any UL packets both on RLC and HARQ level before sending the RRC response. Any DL data or application acknowledgements arriving prior to the network indicating that the UE can remain in RRC_INACTIVE can also be delivered in an efficient way since the UEs RRC context is active. This makes it possible for the network to learn typical application behaviour and delay the RRC response to avoid frequent paging which would result if the UE had returned to RRC_INACTIVE. UE based or timer based methods, if configured wrongly, could lead to signalling storms.
In the case of unpredictable DL packets in response to the small data UL transmissions, the UE could be configured with additional Paging Occasions (POs), possibly more frequent and only valid within a certain time window, to be used right after the network send the message 4 after the small data transmission. That can occur to reduce the delay of the DL messages triggered by the small data UL transmission. 

ii.	How contention resolution (e.g. RACH collisions) is handled?
Contention resolution is also needed in the state transition from RRC_INACTOVE to RRC_CONNECTED and the same mechanism could be reused here. That is done by using the AS context identity provided in the RRC message. No additional UP functions is necessary. In the case shown in Figure 1, where a random access scheme as in LTE is assume, contention is resolved in message 4. In case of a two-step RA procedure, as also described in R2-166922, contention resolution would be in message 2. In both cases contention resolution is after the data transmission. This is the same as would be the case for all contention based access.

iii.	How the potential overload and congestion is handled in initial access (like RACH)?
Any solution for data transmission without entering RRC_CONNECTED is in fact opportunistic since the UE attempts to transmit data prior to being properly verified in the network. The UE would need to use a configuration either received when it was last connected or from system information. Some risk with such opportunistic solutions are the risk for high load from multiple UEs attempting to send data at the same time and the risk for low resource efficiency either due to that to many UEs are attempting and there are collisions or due to that too few UEs are using the resources
For the reasons above it is critical that the RAN has control over the usage of opportunistic transmission to control the resource usage and efficiency. In the state transition from RRC_INACTIVE to RRC_CONNECTED, the UE may be subject to access class barring before establishing connection. In addition, the UE may provide some establishment cause, which can be used to reject the connection attempt. Similar mechanism can be used in the solution of Figure 1.

iv.	How is the UE context located and identified in the network (e.g. based on UE context ID)?
In the state transition from RRC_INACTIVE to RRC_CONNECTED the AS context should also be located and identified in the network based on an AS context ID. Therefore, for small data transmission based on optimization of the transition signalling one can use the same procedure-without the need to define any additional UP functions.

v.	How to ensure that only the right UE is using the UE context meaning the UE need to provide some proof of having the right UE security context?
This also should be ensured for the state transition from RRC_INACTIVE to RRC_CONNECTED. Therefore, one can simply use the same procedure for small data transmission. No UP functions need to be defined for this. UP data will be encrypted and possibly integrity protected if required.

vi.	How potentially existing subsequent transmissions and/or “large data” is handled requiring transition to full “connected state”?
A first benefit of identifying the UE transmitting small UL data by using the same signalling used for RRC_INACTIVE to RRC_CONNECTED transition is the fact that the network can simply move the UE to RRC_CONNECTED if subsequent transmission is expected. The remaining question is basically how the network identify subsequent transmissions on the UL when the UE is in RRC_INACTIVE.
In one scenario an UL burst generate a first UL packets to be transmitted in RRC_INACTIVE but the UL buffer cannot be emptied by using the grant supplied for the small data transmission. In that case the UE should indicate with a Buffer Status Report (BSR), possibly transmitted with message 3, that it needs a new grant. Depending on the information in the BSR, the network can move the UE to RRC_CONNECTED in message 4 or allow the UE to remain in RRC_INACTIVE.
In another scenario new UL data arrives in the UL buffer after it has been emptied using the grants provided and before the network has sent the RRC response in message 4. In that case the UE could send a Scheduling Request (SR) so the network can then decide to put the UE in RRC_CONNECTED. It should be noted in this scenario that the optimized mechanism should be used for infrequent transmissions. Therefore, a UE could be configured with a timer to control how data arriving in the UL should be transmitted. The timer can either be configured via system information or via dedicated signalling in the Suspend message. The timer can be triggered when the UE transmits an UL message with the RRC Resume Request and, if the UE has more incoming UL packets these should be buffered until the timer expires to be transmitted in RRC_INACTIVE again with message 3 and/or transmitted when the network moves the UE to RRC_CONNECTED, if that occurs before the timer expires. In addition to the configured timer smart network implementations could figure out how often small UL data is being transmitted by the same RRC_INACTIVE UEs and possibly move then to RRC_CONNECTED.

vii.	How the AS state is updated and maintained in the network (incl. security keys, NCC, sequence numbers)?
Same principles as during state transition to RRC_CONNECTED can be used. In case the network decides to allow the UE to remain in RRC_INACTIVE the network can provide the UE with update AS info in message 4 (e.g. new NCC). The use of explicit signalling in both directions ensures synchronization of the AS context between the UE and the network.

viii.	How the user plane (e.g. DRBs) should be configured for sending the data?
This needs to be studied further regardless of solution. Potentially the UE can use previous DRB configuration or some default configuration. This is the same as for any other contention based approach in inactive. In cases the target RAN node is not able to use the same configuration the data will need to be re-sent using new configuration (e.g. provided in the resume message).

ix.	Relation to existence of contention based (RACH less) channel i.e. whether there is RACH, if so whether it is 2-step or 4-step (there could be 3 options)?
The state transition signalling should possibly benefit from that and the proposed solution is independent on the existence of such a channel. If such a channel is defined it could also be used for initial UL data transmission in conjunction with initial RRC message (e.g. multiplexed on MAC layer).

x.	Whether 0, 1, 2 or 3 RRC messages are used (from latency and overhead perspective, less messages could be better)?
It is our understanding that what really matters is the latency and the amount of overhead regardless if that is carried within RRC messages or via other mechanisms. We do not foresee that there would be significant extra overhead using RRC since essentially the same information would need to be exchanged for any solution (i.e. same size identifiers, keys etc.).

xi.	Which tasks does the UE perform, e.g. RLM, CSI/RRM measurements, etc. at each step.
The UE does not enter RRC_CONNECTED until it receives the RRC response from the network (message 4). Therefore, the UE behaves as in RRC_INACTIVE and does not run any procedure requiring higher power consumption such as RLM, CSI-RS processes, beam management, etc.

xii.	Whether the proposed solution would affect the coverage by deteriorating the success rate of   RRC signalling transmission.
If the solution affects the success rate of RRC signalling transmission, under the assumption that the overhead among solution is equivalent any kind of solution will not achieve the UL coverage necessary to transmit the small data. In other words, any kind of solution in such a UL coverage limited scenario should be avoided.

xiii.	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”?
The state transition signalling may be optimized so the network can either be assisted by the UE with some buffer status information or some request to be kept in RRC_INACTIVE or the network itself can detect the incoming DL traffic and/or acknowledgements in response to the UL transmissions sent by the UE. 

xiv.	Grant size, what are the supported sizes and how does the network determine the size to allocate?
How the eNB assigns the grant size for small data transmissions could be based on special set of preambles (a preamble partition) as in LTE to indicate a small data transmission. The indication of small data transmission could mean that the UE expects some fixed (standardized) grant size.  However, it will be very difficult to have a fine granularity of the wanted grant size when indicating small data transmission with the preamble. However, the eNB may give grants depending on load where a larger grant is given in low load situations. Hence, there may be situations where the grant is less than the UE has expected (e.g. in high load) and the UE will need to segment the UP data and continue transmission upon reception of a new grant.

More details on the analyses of requirements and use cases associated to small and infrequent data transmission can be found in R2-168715. 
[bookmark: _GoBack]More details on the proposed solution for the transition between RRC_INACTIVE to RRC_CONNECTED can be found in R2-168713. 
Conclusion
As can be seen above almost all the questions are anyway addresses by the state transition signalling from RRC_INACTIVE to RRC_CONNECTED and optimizations of that have the potential of creating very low additional impact to the specifications. 
[bookmark: _Toc347822666][bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244]Almost all design question for small data transmission in RRC_INACTIVE have been responded for the RRC signalling required to perform the transition from RRC_INACTIVE to RRC_CONNECTED
Small data transmission should be supported by optimizing the signalling for the transition from RRC_INACTIVE to RRC_CONNECTED
The above mentioned answers for “data transmission by leaving the inactive state” solution should be captured in the TR.
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