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1 Introduction

For RRC_INACTIVE in NR, the UE AS context is stored in NG-RAN and the UE. So far the only consensus on the content of AS context for inactive UE is as follows.
1: Agree to the context description as a baseline, with additional enhancements FFS, and with the RLC information as FFS:

The UE context in RRC_INACTIVE includes the configuration of radio bearers, logical channels and security.  The UE maintains the same PDCP entity like in RRC_CONNECTED and maintains PDCP COUNT and SN of PDCP.  The possibility to maintain the RLC entity and SN is FFS.  Additional information can be considered for the context if a need is identified.

Based on the above agreements and related analyses in [1], it can be seen that the size of the future complete AS context for inactive UE may be not too small. At the same time, in NR it is expected that idle UEs will be replaced by inactive UEs to a large extent. In this contribution we will analyse the problems brought by storing inactive UEs’ AS contexts, and discuss the flexible storage and update of AS context for inactive UE in NR.

2 Discussion
2.1 The classification of AS context for inactive UE in NR  

Based on the above agreements and the related analyses in [1], the AS context for inactive UE may include:
· The configuration of SRB, logical channel and security of the last serving cell or PCell if CA is configured
· The DRB configuration of the last serving cell or PCell if CA is configured
· The CA configuration
· The DC configuration

· Additional configurations if a need is identified, e.g. RAN slice related information
Among these configurations, the configuration of SRB, logical channel and security of the last serving cell or PCell are the basic ones for inactive UE. The storage of the DRB configuration of the last serving cell or PCell could avoid the reconfiguration after resumption from inactive state to a certain degree as well as support data transmission in inactive state. Additionally, the CA or DC configuration may be able to be reused when the service triggering the resumption requires high data rate. Accordingly, the inactive UE AS context can be classified into two types, i.e. basic context and enhancement context, and the enhancement context can subdivided into several parts further.
Proposal 1: Inactive UE AS context can be classified into at least two parts, i.e. basic and enhancement parts.
2.2 The storage of AS context for inactive UE in NR  

In LTE, if leaving RRC_CONNECTED was triggered by suspension of the RRC, the complete UE AS context should be stored. In NR, there is no discussion on whether to store complete UE AS Context for inactive state. Therefore, storing complete AS context can be taken as the baseline for inactive UE. 
Observation 1: as the baseline, both the network and inactive UE store complete AS context in NR.
The model identifier based solution for reducing signalling overhead and storage requirements was discussed [2] in RAN2 NR AdHoc#2 2017. And in RAN2 NR AdHoc#1 2018, the contributions [3-4] further discuss how to handle UE capability information in order to reduce the storage load in gNB and CN, considering that UE access capability storage problem may be more serious than that in LTE mainly due to the increased users. 

The inactive UE has not only shorter control plane latency and less signalling overhead during network access than the idle UE, but also the same level of power consumption as the idle UE. So it is expected that the UE, if allowed, should be kept in inactive state as long as possible in 5G. However, considering that the size of the future complete AS context for inactive UE may be not too small, it is expected that with the increase in the number of inactive UEs, the storage requirements for the AS context will be also a potential problem that cannot be ignored at least for the gNB. Moreover, compared to the UE access capability which can be deemed as static, the AS context for inactive UE is dynamic, which means the storage resource is more limited for inactive UE AS context than for UE access capability information. Therefore, to support as many inactive UEs as possible, it is better to allow storing incomplete inactive UE AS context sometimes, i.e., flexible storage of inactive UE AS context should be supported. The simplest way is to determine the content of AS context required to be stored based on the up-to-date storage resource occupancy state in anchor gNB, and indicate it to the UE through the release kind of message.
Observation 2: the supportable number of inactive UEs by a gNB is limited by the dynamic storage resource in at least gNB.
Proposal 2: to support as many inactive UE as possible in the gNB, the content of the context that needs to be stored could be determined flexibly based on the up-to-date storage resource occupancy state of anchor gNB.
2.3 The update of AS context for inactive UE in NR  
It has be revealed in section 2.2 that the supportable number of inactive UEs by a gNB is limited by the dynamic storage resource in at least gNB, so a possible event is that anchor gNB cannot accept one or more new connected UE carrying high priority service due to lack of dynamic storage resource. In this case, we should make room for the new UE carrying high priority service as soon as possible, i.e. we should delete partial contexts of some inactive UEs in the anchor gNB according to the dynamic storage resource gap timely. A simply way is to delete the least important class of context based on the foregoing classification in section 2.1.
Proposal 3: when there is not enough dynamic storage resource in anchor gNB to support a new connected UE carrying high priority service, we could delete partial contexts of some inactive UEs that belongs to this anchor gNB as soon as possible.
Besides, some of the stored AS context may become invalid during the movement of inactive UE without state change. A common cause of validity is that some of the stored AS context are not supported or needed to be modified by the new gNB. In this case, it is a waste of dynamic storage resource to keep the invalid part, especially when the available dynamic storage resource in anchor gNB is scarce. Thus, it is better to delete the invalid part of the stored context timely. 
Proposal 4: during the movement of the inactive UE without state change, this UE and/or the network could judge the invalid content of the context and delete it.
2.4 The synchronization of inactive UE AS context between the UE and network
Based on the above analysis, it is beneficial to allowed flexible update of inactive UE AS context in anchor gNB. Actually, apart from the initiative update of inactive UE AS context, sometimes the UE AS context may be changed passively, e.g., because during path switch procedure some radio bearer(s) may have not been switched successfully in the core network, which has been revealed in [5]. Both the two types of updates will result in temporary asynchronism of AS context between the inactive UE and network.
Observation 3: for a UE in inactive state, its AS context may be updated separately in the corresponding anchor gNB initiatively or passively, which results in temporary asynchronism of AS context between the inactive UE and network.
It is expected that if anchor gNB deletes some of inactive UE AS context without notifying the corresponding UEs to perform the same AS context delete operation, some problems may occur. For instance, when some DRBs configuration is deleted only in anchor gNB and a certain UL service matching the deleted DRBs arrives at the UE, the UE may start UL data transmission in inactive using the deleted DRBs, e.g., over MSG3, which will lead to a failure. When the failure is detected the network could turn to normal resume procedure, after which the UE can continue UL data transmission after proper DRBs configuration, but the data over MSG3 will be lost if no retransmission is done. Moreover, if security configuration is updated separately in anchor gNB, problems will also occur during UL data transmission in inactive state. Therefore, it is best to keep the synchronism of AS context between the inactive UE and network.

Observation 4: the asynchronism of AS context between the inactive UE and network will cause some problems.
According to the current progress of the discussions on inactive state, during inactive state the AS context is updated only when the periodic RAN notification area update (RNAU) without UE state change occurs. In this way, MSG4 is used to configure the UE with updated AS context. However, many companies hold that periodic RNAU has the period of hour-level, which is too long and cannot support flexible update of the AS context. Take the above case when we should make room for the new UE carrying high priority service as soon as possible in section 2.3 for instance, after we delete partial contexts, e.g. DRB configurations, of some inactive UEs in the anchor gNB according to the dynamic storage resource gap, it is very probably too late to wait for the periodic RNAU to notify the corresponding UEs within the configured RAN notification area to perform the same AS context delete operation, because data transmission in inactive state may occur using deleted DRBs in the UE before periodic RNAU arrives. Therefore, we should figure out how to indicate to the UEs quickly through other methods instead of periodic RNAU procedure.
As to the case of judging and deleting invalid content of the context in section 2.3, periodic RNAU without UE state change could be used to position inactive UE at gNB-level to judge the invalid content of the context as well as notify the UE, but its period may be too long compared to the validity time of AS context for the inactive UE with high mobility. Accordingly, more effective methods needs to be identified.
Observation 5: during inactive state the AS context is updated only when the RAN notification area update without UE state change occurs, which may not be enable to support flexible update of the AS context.
Proposal 5: RAN2 is asked to discuss the solutions for the synchronization of inactive UE AS context between the UE and network, which are more timely than periodic RNAU without UE state change.

3 Conclusion
This contribution discusses the flexible storage and update of AS context for inactive UE in NR, and gets the following observation and proposals:
Observation 1: as the baseline, both the network and inactive UE store complete AS context in NR.
Observation 2: the supportable number of inactive UEs by a gNB is limited by the dynamic storage resource in at least gNB.
Observation 3: for a UE in inactive state, its AS context may be updated separately in the corresponding anchor gNB initiatively or passively, which results in temporary asynchronism of AS context between the inactive UE and network.
Observation 4: the asynchronism of AS context between the inactive UE and network will cause some problems.
Observation 5: during inactive state the AS context is updated only when the RAN notification area update without UE state change occurs, which may not be enable to support flexible update of the AS context.
Proposal 1: Inactive UE AS context can be classified into at least two parts, i.e. basic and enhancement parts.
Proposal 2: to support as many inactive UE as possible in the gNB, the content of the context that needs to be stored could be determined flexibly based on the up-to-date storage resource occupancy state of anchor gNB.
Proposal 3: when there is not enough dynamic storage resource in anchor gNB to support a new connected UE carrying high priority service, we could delete partial contexts of some inactive UEs that belongs to this anchor gNB as soon as possible. 
Proposal 4: during the movement of the inactive UE without state change, this UE and/or the network could judge the invalid content of the context and delete it.
Proposal 5: RAN2 is asked to discuss the solutions for the synchronization of inactive UE AS context between the UE and network, which are more timely than periodic RNAU without UE state change.
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