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1 Introduction

In RAN2 NR AdHoc #1 [1], a number of baseline assumptions for two solutions (A and B) for UL data transmission in INACTIVE were agreed. 
In this contribution we we compare the two solutions  based on these assumptions.  
2 Comparison of Solution A and Solution B
In order to compare solution A and Solution B, we describe the different aspects of the procedure from the UE perspective.  We think that in many respects, the two solutions are very similar and it is possible to make conclusions on several aspects without the need for immediate down-selection.  In addition, we discuss the aspects where the two solutions deviate and give our views on the differences.  
2.1 Initial Uplink Transmission
The UE needs to identify itself to the network for context fetch and contention resolution.  Both solutions A and B require the transmission of a UE ID, and differ only in how such ID is transmitted (i.e. MAC signalling for solution A vs RRC signalling for solution B).  Since the UE may move around the RAN notification area without informing the network, this ID needs to be unique within the notification area.  In addition, the UE would need to provide its ID whether it transmits data while remaining in INACTIVE or it requests to move to CONNECTED.  It would therefore make sense to use the same UE ID in both these cases.   
Proposal 1:
The UE includes a UE ID in the initial UL data transmission.  The UE ID used for transmission of UL data should be the same as the ID used for transition to RRC Connected.  

Proposal 2:
The UE ID used in INACTIVE state is unique within the RAN notification area.  

A UE in the inactive state may only have occasional data to transmit and may remain in this state for a significant amount of time without performing any UL data transmission.  During this time, the UE may lose timing alignment with the target cell, or may reselect to a different cell, possibly requiring re-alignment of the uplink timing. 

Observation 1:
Initial data transmissions by UEs in Inactive state may occur when the UE does not have proper UL timing alignment. 

To address cases of UL timing misalignment, solution A should have RACH transmission as the baseline.  Therefore, both solution A and B would use the same procedure as a baseline.  Solution A further allows for transmission on CB resources without timing alignment, and this would require further study on the conditions required for such transmissions to be possible.  
Proposal 3:
Data transmission in INACTIVE should be supported using at least the RACH procedure.  It is FFS whether other methods can be supported (e.g. contention-based resources), and under what conditions.  

Assuming a RACH procedure for both solutions, both solutions will perform its initial data transmission in msg3.  As a result, there is no difference from a latency point of view between solutions A and solution B.
Observation 2:
The proposed baseline approaches for solutions A and B have the same latency  

In our understanding, for both solution A and B, the UE will maintain the context of one or more DRBs. UL data transmission can be allowed for all DRBs or the network can configure the UE with UL data transmission only for a subset of these DRBs.   The discussion on whether the network can specifically allow UL data transmission only for a subset of DRBs should take place regardless of the solution chosen.     .    
Proposal 4:
The UE maintains the context of one or more bearer(s) in RRC INACTIVE 

Proposal 5:
UL data transmission can be performed for one or more of the configured bearers in INACTIVE.  
The details of QoS and bearer maintenance is discussed in more detail in our companion contribution [2].  Although not discussed at length in the agreements associated with either solution, we also expect such details will be common for the two solutions.  

2.2 DL Transmission
For all use cases (eMBB, URLLC, mMTC) UL and DL transmissions should support HARQ, ARQ, and application-layer acknowlegdements.  For support of HARQ, since both Solution A and Solution B use RACH, we think both solutions would support HARQ using the same mechanism for support of HARQ for msg3 of LTE RACH.  Although this agreement was taken specifically for solution B, we think it applies equally to both solutions. 
Proposal 6:
HARQ can be supported in the same way as it is supported in LTE when MSG3 is transmitted.  

For Solution B it was agreed that DL transmissions/responses after msg3 should be supported without having to move to RRC Connected.  Furthermore it was agreed that RLC ACK/NACK messages can be scheduled normally while the UE is monitoring DL channels.  The method for transmission of DL data for solution A was not yet agreed on, although it was observed that a common method should be used to transmit DL data and application layer response.  .  It was suggested in [3] that one way to perform DL data transmission or ACK/NACK transmission would be through paging.  This may be undesirable as it requires the need to initiate a paging procedure (potentially causing transition to connected) for the transmission of a single ACK/NACK.  It may also result in delay of the ACK/NACK due to the timing of the paging occasion relative to the UL data transmission.  
Therefore, regardless of solution A and B, DL data transmission/responses should be supported after msg3 without having the need to move to RRC connected.  Such data can be included in msg4 or scheduled normally when the UE still listens to the DL channels.  
Proposal 7:
DL transmissions/responses after msg 3 should be supported without the UE having to move to RRC connected.   
Proposal 8:
DL data can be included in msg4 or scheduled normally while the UE is listening to DL channels.   

2.3 Context transfer and update 
In general, the UE may be under three potential situations:

· Case 1: The UE transmits data in the same gNB or a gNB for which context does not change

· Case 2: The UE transmits data to a different gNB for which context needs to be changed

· Case 3: The UE needs to be moved to CONNECTED by the network
Case 1: 
In case 1 the UE has to transmit at least the UE ID.  Whether a MAC-I is needed in this case is FFS and depends on SA3.  Both these information can be included with the UL data for both solution A and solution B (e.g. either in RRC message or in MAC CE).   Solution B may require that MAC-I is always included and that PDCP entity is reset. 
In addition, another difference is that solution B would also have to include a RRC transaction ID and cause code,  which is not required in solution A.   
Lastly, for solution B the network still has to respond with a DL RRC message just to indicate to the UE to remain in the inactive, which is unnecessary and inefficient.  

The reduced signalling associated with solution A may improve coverage associated with UL transmissions in this case.  In addition, since solution B transmits RRC signalling, the RRC entities at both the UE and the network would need to be involved in each data transfer for this case.  
Observation 3:
Solution A has UL/DL signalling and coverage benefits over solution B 

Cases 2 & 3:
To perform a context update (e.g. RRC reconfiguration) or a state transition to RRC connected, the network has to perform DL RRC signalling.  These situations are the same regardless of the solution chosen, the only difference is whether the DL RRC signalling is triggered as a result of an UL RRC procedure or not.  

Solution B can handle the context update or transition to CONNECTED using the same procedure as data transmission.  A RRC Resume request (with data) will trigger a RRC resume message which can either update the context or move the UE to connected). For solution A, an RRC procedure occurring after the UL data transmission would be required for transition to CONNECTED or to perform context update.  A number of options are possible:

A)   The network sends paging that initiates UL RRC procedure (e.g. RRC resume request, or what ever RRC message is sent after a paging message)   
B)   The network sends a trigger in msg4 to initiate RRC signalling similar to solution B (resume request)

C) The NW provides the new context/parameters in an RRC message (e.g. RRC resume message triggered by the network) 
Option C) has the least latency and signalling overhead.  Even though in LTE the network cannot trigger a RRC Resume without the Resume Request, we think that given that the characteristics of INACTIVE are similar to CONNECTED, the network should be allowed to initiate DL RRC signalling (e.g. like RRC re-configuration in RRC CONNECTED).  As in RRC Connected, triggering a DL message directly in the network should not introduce any real complexity and therefore should be considered a significant disadvantage to solution A.    In the case where option C) is considered for solution A, the UE will likely need to send msg5 to confirm the new parameters or the resume from the network.  However, depending on response from SA3, msg5 may be required in the case of Solution B as well.
Proposal 9:
DL RRC signalling (e.g. Resume) sent it in msg4 can be used to update the context of the UE or to move the UE to connected.  

There are a number of scenarios in which  a UE can transmit without requiring a context update or needing to move in RRC connected  (e.g. transmission to the same cell or within cells in the same gNB).  In such scenarios, the RRC signalling overhead in the UL and the DL for solution B are unnecessary and ineffiecinent.  In the case of contex update or state transition, we have shown that the same procedure as Solution B can be used from a DL perspective.  Therefore, solution A has the benefit of reduced signalling for case 1 and both A and B are similar in signalling for case 2 and 3.   Based on the above observations, it would be advantageous to allow the UE to transmit UL data without RRC signalling.  

Proposal 10:
The UE can send data in INACTIVE state without RRC signalling (e.g. Solution A)  

Case 2 described above may consist of a scenario where a key change is required in order to transmit to the new gNBs PDCP entity.  This case was described in scenario 3 of [4].  Assuming the gNBs use different keys which are not exchanged or known to eachother, the UE may send data to the new gNB that cannot be deciphered as the UE used the old key (from the source gNB) to cipher the data.  Although data could be tunnelled over an X2-like interface, sending RLC ACK to the UE from the source gNB would introduce additional complexities.  This problem is common to both Solution A and B.
Observation 4:
Support for sending data to a new gNB (with different PDCP) that is ciphered with the source gNB key would require tunnelling the data and supporting RLC ACK over an X2-like interface 

Although a straightforward way to avoid such complexity would be to have the new gNB discard the data if it realizes that the UEs context is stored in a gNB with a different PDCP entity, such approach would result in inefficient resource usage (especially for cases where this may occur often for a given UE).  In this case, a preferred approach would be simply not to support data transfer by the UE in this case.

Proposal 11:
The UE does not transmit data in INACTIVE state when it moves to a gNB with a different PDCP entity.

3 Conclusion

In this contribution the following observations we made related to the comparison of Solutions A and B for data transmissions in inactive state:
Observation 1:
Initial data transmissions by UEs in Inactive state may occur when the UE does not have proper UL timing alignment. 

Observation 2:
The proposed baseline approaches for solutions A and B have the same latency  

Observation 3:
Solution A has UL/DL signalling and coverage benefits over solution B 

Observation 4:
Support for sending data to a new gNB (with different PDCP) that is ciphered with the source gNB key would require tunnelling the data and supporting RLC ACK over an X2-like interface 

Based on these observations, the following proposals were made on data transmissions in inactive state:
Proposal 1:
The UE includes a UE ID in the initial UL data transmission.  The UE ID used for transmission of UL data should be the same as the ID used for transition to RRC Connected.  

Proposal 2:
The UE ID used in INACTIVE state is unique within the RAN notification area.  

Proposal 3:
Data transmission in INACTIVE should be supported using at least the RACH procedure.  It is FFS whether other methods can be supported (e.g. contention-based resources), and under what conditions.  

Proposal 4:
The UE maintains the context of one or more bearer(s) in RRC INACTIVE 

Proposal 5:
UL data transmission can be performed for one or more of the configured bearers in INACTIVE.  

Proposal 6:
HARQ can be supported in the same way as it is supported in LTE when MSG3 is transmitted.  

Proposal 7:
DL transmissions/responses after msg 3 should be supported without the UE having to move to RRC connected.   

Proposal 8:
DL data can be included in msg4 or scheduled normally while the UE is listening to DL channels.   

Proposal 9:
DL RRC signalling (e.g. Resume) sent it in msg4 can be used to update the context of the UE or to move the UE to connected.  

Proposal 10:
The UE can send data in INACTIVE state without RRC signalling (e.g. Solution A)  

Proposal 11:
The UE does not transmit data in INACTIVE state when it moves to a gNB with a different PDCP entity.
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