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1   Introduction
The new radio (NR) is envisaged to support a wide range of services [1] which have different Quality of Service (QoS) requirements. For example, the requirements on latency, reliability, throughput vary for the services such as HD video, road traffic safety and massive sensor communication. It is expected that latency and reliability requirements will be even more pronounced for mission-critical services. Accordingly, QoS requirements pertaining to latency, reliability and data rate in case of short packets should be handled in the very first steps of the initial access so as to fulfil particularly stringent service requirements. 
In this contribution, we will provide some initial analysis on how to enable QoS-aware initial access.
2   Discussion

2.1   The demand for QoS-aware initial access
Since NR network is going to be more versatile, a mixture of services with very different QoS requirements will increasingly coexist in the network. Considering the limited access resource, NR should differentiate the priority for the services. For instance, it is expected that mission-critical services from mMTC, URLLC and V2X have strict delay requirements and thus should have high priority compared to other uncritical services [2]

 REF _Ref456110120 \r \h 
[3]. Without service differentiation at the initial access, the uncritical services can impair the successful access of the mission-critical services. For example, the initial access of mission-critical services can be delayed due to the collisions in the random access channel [2]
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[3].
Observation 1: Priority differentiation at initial access is important for fulfilling the different QoS requirements of different services. 
Proposal 1: NR should differentiate the service priority during the initial access according to the QoS requirements.
2.2   Enable of QoS-aware initial access
In LTE, after one particular service is initiated, there are three steps during the initial access phase before normal service data transmission and reception can take place, as shown in Figure 1. For NR, it is natural to use the LTE procedures as the baseline. 
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Figure 1: Initial access after one service is initiated
Step 1 (Access Barring)

Access Barring is an access control mechanism to prevent users from making access attempts in conditions e.g. RAN or CN is congested. In LTE, several access barring mechanisms were specified for different purposes in different releases, as below:
· ACB (Access Class Barring): Access barring mechanism based on the type of access attempt (e.g. mobile originating data or mobile originating signalling) and Access Class that the UE belongs to;
· ACB Skip: ACB enhancements to allow the prioritization of MMTEL voice/video and SMS;
· SSAC (Service Specific Access Control): Access barring mechanism for MMTEL voice/video originating calls;

· EAB (Extended Access Barring): Access barring mechanism specific to machine-type communications;
· AB for NB-IoT: Access barring mechanism specific for NB-IoT;
· ACDC (Application specific Congestion control for Data Communication): Access barring mechanism for particular, operator-identified applications in the UE;
Access Barring mechanism allows the network to prevent some UEs from making access attempts, i.e. not to trigger the random access procedure. Therefore, Access Barring mechanism can avoid the congestion of the random access channels and ensure that mission-critical services can still access the network. On this basis, Access Barring mechanism is still a very import mechanism to enable QoS-aware initial access in NR. In NR, it is desirable to learn the lesson from LTE and design a unified Access Barring mechanism, so as to avoid the complicated specifications caused by the supporting of multiple Access Barring mechanisms in LTE. In addition, NR can consider the support of Access Barring mechanism also for UEs in Active Mode. RAN2 can coordinate with SA1 to further study how to design the unified Access Barring mechanism in NR.
Proposal 2: NR should study a unified Access Barring mechanisms to enable QoS-aware initial access.
Step 2 (Random Access)
Even with the Access Barring mechanism, short-term congestions in random access channels may still happen, given that Access Barring is kind of reactive mechanism and in general it will not be activated as soon as congestion is observed. Therefore, during the random access procedure, it is still beneficial to prioritize the mission-critical services among all the services that passed the Access Barring (if activated), e.g. to prioritize the scheduling of Msg2/3 for mission-critical services. Otherwise, a possible congestion can cause substantial delays for the access of mission-critical services. 
During the preamble transmission in the random access procedure, the service prioritization can be achieved based on the use of the random access resources. LTE doesn’t support the service prioritization during the random access procedure. In NR, considering that increasing type of services with very different QoS requirements will be supported by a single network, it is desirable to support the service prioritization. For instance, the random access resources can be separated or portioned e.g. in time/frequency domain. Particularly, the high priority services can be assigned with exclusive resources which are not shared with other services. In another scheme, the high priority services can send multiple preambles in multiple time slots to increase success rate of random access, or can use a combination of the preamble signatures at one random access time slot to “overwrite” the other low priority services with single preamble. By this way, the fast initial access of the high priority services is targeted.

Proposal 3: NR should study service prioritization during preamble transmission to enable QoS-aware initial access.
Step 3 (RRC Connection Setup)
After the successful detection of the preambles, the RAN will assign UL grant in Msg2 so that the UE can transmit the RRC Connection Request message in Msg3 to setup a connection with the network. In the RRC Connection Request message, “Establishment Cause” is conveyed to inform the network about the priority/cause of the service that triggered the RRC connection establishment procedure. Based on the “Establishment Cause”, the network can do an appropriate admission control. For example, if the RAN or CN is congested, the RAN may reject the RRC Connection Request triggered by non-critical services. 
In LTE, the following Establishment Causes are defined. In addition, one special Establishment Cause “mo-ExceptionData” was introduced to NB-IoT. In the context of Rel-14 SI “Enhancement of VoLTE”, companies are also discussing whether new Establishment Causes for Video Call are needed.
{emergency, highPriorityAccess, mt-Access, mo-Signalling, mo-Data, delayTolerantAccess, mo-VoiceCall}

On this basis, service prioritization in RRC Connection Request is still a very import mechanism to enable QoS-aware initial access in NR. In NR, it is desirable to design a unified set of “Establishment Cause” that applicable to all the use cases (i.e. eMBB, mMTC and URLLC). RAN2 can coordinate with SA1/SA2/CT1 to further study how to define them.

Proposal 4: NR should study a unified set of “Establishment Cause” that are applicable to all the use cases (i.e. eMBB, mMTC and URLLC) to enable QoS-aware initial access.
3   Conclusion
In this contribution, we proposed to study QoS-aware initial access to support diverse services. The detailed proposals are:
Proposal 1: NR should differentiate the service priority during the initial access according to the QoS requirements.
Proposal 2: NR should study a unified Access Barring mechanisms to enable QoS-aware initial access.
Proposal 3: NR should study service prioritization during preamble transmission to enable QoS-aware initial access.
Proposal 4: NR should study a unified set of “Establishment Cause” that are applicable to all the use cases (i.e. eMBB, mMTC and URLLC) to enable QoS-aware initial access.
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