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1 Introduction
In RAN2#96 meeting, RRC Inactive state is discussed to enable a UE to realize small packet transmission with small signaling overhead and low power consumption. However, since NR needs to serve a wide range of services, it could be observed that some UEs, such as UEs who are running URLLC, may not be suitable to transit to RRC Inactive state. Therefore, RAN2 is suggested to study which assistance information that the UE could provide for gNB to configure RRC Inactive state transition for the UE.    
In addition, with the introduction of 2-step RA procedure, RRC Inactive UEs may also apply 2-step RA procedure for different attempt purposes (e.g. for small packet transmission). Based on the agreements in RAN2#96 meeting, it is agreed that NW can configure/restrict the usage of the 2-step RA procedure for certain cases (e.g. procedures/services/radio condition, etc). In addition, RAN2 also needs to study for which cases that it is possible to configure/restrict the usage of 2-step RA procedure in RRC Inactive state. Based on our observations, we propose that RAN2 should study to differentiate the configuration of the RA procedures, which include 2-step RA procedure and LTE RA procedures, for RRC Inactive UEs with different attempt purposes.
2 Discussion
2.1 Serves upon RRC Inactive state 

NR needs to serve a wide range of applications (e.g. eMBB, URLLC, and mMTC). With the introduction of RRC Inactive state in UE side, we need to analyse the impact of RRC Inactive state to eMBB, URLLC, and mMTC:   

URLLC:
URLLC is applied to support services which require extreme low latency and high reliability such as tactile internet, which requires 1 ms end-to-end latency and very high reliability [5]. In contrast, power consumption requirement is not as important as latency and reliability to a UE which has on-going URLLC (URLLC UE). 

If a URLLC UE could transit to RRC Inactive state, then the URLLC UE may need to apply contention-based RA procedure and even RRC Connection establishment procedures before URLLC packet transmission. In addition, the URLLC UE may suffer collision with other UEs during the contention-based RA procedure. Therefore, the latency of UL packet transmission would be increased inevitably. So, it would be doubtful whether a URLLC UE is suitable to transit into RRC Inactive state. Similar observations can also be found in [3]. 

Observation 1: An URLLC UE may suffer additional transmission latency when the URLLC UE is in RRC Inactive state. 
eMBB:
Comparing with URLCC UE, an eMBB UE, which is a UE has on-going eMBB service, could transit to RRC Inactive state without degrading QoS seriously. The eMBB UE could achieve power saving while staying at RRC Inactive state. However, it is not reasonable to require an eMBB UE to transit to RRC Inactive state when the eMBB UE requires continuous large packet transmissions. Based on the same assumption of continuous large packet transmissions of eMBB traffic, the benefit of small packet transmission of RRC Inactive state is not clear. 
Observation 2: The benefits of configuring an eMBB UE to transit to RRC Inactive state needs to be clarified. 

mMTC:
RRC Inactive state would bring many benefits to mMTC UEs, which are a massive amount of UEs have on-going MTC service. Firstly, mMTC UEs normally require in-frequent small packet transmission/reception. Secondly, battery life time is critical to mMTC UEs. So, mMTC UE could transmit small packets efficiently while staying in RRC Inactive state (or through temporary state transition). To network side, RRC Inactive state also helps gNB not to maintain the RRC Connections of a huge amount of mMTC UEs simultaneously.  

Observation 3: It would be beneficial to both the 5G-RAN and mMTC UEs by keeping mMTC UEs in RRC Inactive state. 

Based on our observations above, it is clear that RAN should consider whether a UE is suitable to transit to RRC Inactive state by jointly considering the service type running on the UE. In addition, in NR, a UE may have more than one type of on-going service (e.g. a UE may have both a URLLC service and an eMBB service on-going simultaneously). Therefore, we propose RAN2 to study which assistance information that the UE could provide for gNB to configure the RRC Inactive state transition for the UE.  
Proposal 1: RAN2 should study which assistance information that the UE could provide for gNB to configure RRC Inactive state transition for the UE.  
2.2 Random Access (RA) procedures for RRC Inactive state

In RAN2#96 meeting, it is agreed that both the contention-based and contention-free RA procedure, which follow the steps of LTE, are supported in NR. 

Agreements:

1: Both contention-based and contention-free RA procedure should be supported in NR.

2: Contention-based and contention-free RA procedures follow the steps of LTE (does not preclude consideration of 2 step RA)

3: RAN2 should strive for as much commonality in random access procedure as possible across all use cases.

In addition, it is also agreed that 2-step RACH resources are optionally configurable by the NW.

Agreements

If 2 step RACH is supported:

1 The 2-step RACH resources are optionally configurable by the NW 

FFS whether it can be configured by broadcast and/or by dedicated signalling.

2: NW can configure/restrict the usage of the 2-step RACH for certain cases (e.g. procedures/services/radio condition, etc) (FFS for which cases for which it is possible to configure/restrict the usage)

3 RAN2 expects a benefit in latency for the 2 step RACH procedure

4 From RAN2 point of view, the 2-step RACH procedure is not restricted to be used with certain UE ID 
size.

5 Can provide RAN1 with the different size of message size and UE ID size for the different scenarios in 

LTE. Indicate to RAN1 that for some use cases the UE ID only would not be sufficient. For NR we are 
still studying.

Therefore, both the 2-step and conventional LTE RA procedures may also be applicable to RRC Inactive UEs. 

Observation 4: Both 2-step RA procedure and conventional LTE RA procedures may be applicable to RRC Inactive UEs. 
So, RAN2 is suggested to study 2-step RA procedure for RRC Inactive UE. 
Proposal 2: RAN2 is suggested to study 2-step RA procedure for RRC Inactive UE.
It is clear that 2-step RA procedure out-performs 4-step RA procedure in latency and UEs are normally benefitted
by 2-step RA procedure. However, RAN2 still needs further study whether to configure/restrict the usage of the 2-
step RA procedure for certain cases. Now, RRC Inactive UEs would start RA procedure for the following attempts: 
a) Small packet transmission, 
b) RRC Resume attempt, 
c) RAN notification area update, and 
d) CN level location update.
Observation 5:  RRC Inactive UEs would start random access procedure for the following attempts: a) small packet transmission, b) RRC Resume attempt, c) RAN notification area update, and d) CN level location update.
So, RAN2 should configure the usage of the 2-step RA procedure for RRC Inactive UEs based on the cases above. 
Proposal 3: RAN2 is suggested to consider the following cases: a) small packet transmission, b) RRC Resume attempt, c) RAN notification area update, and d) CN level location update, when RAN2 is studying 2-step RA procedure for RRC Inactive UE. 
 For small packet transmission, 2-step RA procedure could save signalling overhead and latency. However, it is doubtful whether the gNB could allow all RRC Inactive UEs to start small packet transmissions by 2-step RA procedure, especially when a huge amount of mMTC UEs are in RRC Inactive state. In comparison, it may be desirable for UEs to realize RRC Resume attempt through 2-step RA procedure. Based on the observations, RAN2 is suggested to differentiate the configuration of the RA procedures, which include 2-step RA procedure and LTE RA procedures, for RRC Inactive UEs with different attempt purposes.
Proposal 4: RAN2 should study to differentiate the configuration of the RA procedures, which include 2-step RA procedure and LTE RA procedures, for RRC Inactive UEs with different attempt purposes. 
3 Conclusion
In this contribution, we have reviewed the suitability of RRC Inactive state to UE with URLLC, eMBB, and mMTC service. Based on our observations: 
Observation 1: An URLLC UE may suffer additional transmission latency when the URLLC UE is in RRC Inactive state. 

Observation 2: The benefits of configuring an eMBB UE to transit to RRC Inactive state needs to be clarified. 

Observation 3: It would be beneficial to both the 5G-RAN and mMTC UEs by keeping mMTC UEs in RRC Inactive state. 

RAN2 is proposed to configure a UE to transit to RRC Inactive state based on the service types running on the UE.    

Proposal 1: RAN2 should study which assistance information that the UE could provide for gNB to configure RRC Inactive state transition for the UE.  
With the agreements about LTE RA procedures and 2-step RA procedure, both the 2-step RA procedure and conventional LTE RA procedures may be applicable to RRC Inactive UEs.
Observation 4: Both 2-step RA procedure and conventional LTE RA procedures may be applicable to RRC Inactive UEs. 
Therefore, we suggest RAN2 to study 2-step RA procedure for RRC Inactive UE. 
Proposal 2: RAN2 is suggested to study 2-step RA procedure for RRC Inactive UE.
Based on our observations about the cases which RRC Inactive UEs would start random access procedure:
Observation 5:  RRC Inactive UEs would start random access procedure for the following attempts: a) small packet transmission, b) RRC Resume attempt, c) RAN notification area update, and d) CN level location update.
RAN2 is suggested to configure the usage of the 2-step RA procedure for RRC Inactive UEs based on the cases above. Moreover, RAN2 is suggested to differentiate the configuration of the RA procedures, which include 2-step RA procedure and LTE RA procedure, for different RRC Inactive UEs.
Proposal 3: RAN2 is suggested to consider the following cases: a) small packet transmission, b) RRC Resume attempt, c) RAN notification area update, and d) CN level location update, when RAN2 is studying 2-step RA procedure for RRC Inactive UE. 
Proposal 4: RAN2 should study to differentiate the configuration of the RA procedures, which include 2-step RA procedure and LTE RA procedures, for RRC Inactive UEs with different attempt purposes. 
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