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1 Introduction
During the NR SI phase, it was agreed to study a unified access control mechanism for NR. In RAN2#98 meeting the agreements are as follows:

Agreements

1
RAN2 aims that the 5G AC mechanism for a UE in RRC_IDLE is applicable to a UE in RRC_INACTIVE. 

FFS if any aspects may not be applicable or may need to be changed for RRC_INACTIVE relative to RRC_IDLE (to be addressed by both CT1 and RAN2).

2
RAN2 aims to define the 5G AC mechanism for a UE in RRC_CONNECTED. Details FFS

3
UE NAS provides the access category information to UE RRC at least for RRC_IDLE 
FFS for RRC_INACTIVE
4
Connection Request will include some information to enable the gNB to decide whether to reject the connection request

FFS whether the information that is included is e.g. provided by NAS, derived from the AC, etc 

FFS for RRC_INACTIVE
In this contribution, we further discuss some RAN2 part of unified access control, especially for RRC_CONNECTED mode.
2 Discussion
Motivation for access control in RRC_CONNECTED

In LTE, there are 4 access control mechanisms, i.e. ACB, EAB, SSAC, ACDC. ACB and EAB are applied in the granularity of access class. SSAC is applied for IMS services. ACDC is applied in the granularity of Apps. They work in different granularity and sometimes network may simultaneously configure some of them in one cell, which makes the access control in LTE complex and less efficiency. In NR, it was agreed to study a unified access control mechanism that can be applied to different services and Apps.

ACDC is a good starting point for access control discussion in NR. ACDC can be performed in RRC layer. However, ACDC is only applicable for UE in RRC_IDLE while not in RRC_CONNECTED. In the UE side, when an application belonging to a higher ACDC category passes the ACDC check and an RRC connection or E-RAB is established for it, a lower priority application can just utilize the existing RRC connection or E-RAB to transmit data without any additional ACDC check. It is unfair for other idle mode UEs who have to perform ACDC check due to the request of the same application. 

This case is called free-ride problem characterized by a low priority application skip the ACDC check after a high priority application passed the ACDC check. The free-ride issue leads different success probabilities of same application request from idle and connected UEs. There is a potential risk to bypass the ACDC functionality if users abuse free-ride issue. We propose to solve this problem in NR.
Proposal 1: Free-ride problem should be solved in NR through access control in RRC_CONNECTED mode.
Framework for Unified Access Control
In NR, we are aiming to define a unified access control mechanism to be applied not only for different services, but also for UE in different RRC states. That means, for UE in RRC_CONNECTED and RRC_INACTIVE, UE applies the similar AC mechanism just as UE in RRC_IDLE. 
Proposal 2: RAN2 aims to define a similar AC mechanism for RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED.

For RRC_IDLE mode, when an APP requests to connect to Internet, application layer send service request including APP id to NAS. NAS can figure out the corresponding access category through the mapping between APP id and access category received from operator. And then NAS sends access category to RRC to perform access barring check. However, for RRC_CONNECTED, the new service from a different APP can directly transmit data in existing bearer, which makes the current access control mechanism not applicable for RRC_CONNECTED mode, as well as RRC_INACTIVE mode. 

Therefore, for RRC_CONNECTED, some modification on the access control mechanism is needed. In RRC_CONNECTED, NAS is responsible for mapping between IP flow and QoS flow. When there is a new IP flow shows up, NAS firstly suspends the new IP flow. NAS then check the App/service id for the new IP flow and figure out corresponding access category. Then NAS sends the category to RRC. NAS will not map this IP flow to QoS flow until receiving barring check pass indication from RRC.
Proposal 3: In RRC_CONNECTED mode, when new IP flow shows up, NAS suspends new IP flow and doesn’t map the new IP flow to QoS flow until receiving access check pass indication from RRC. Final decision and details is concluded by CT1.
Whenever RRC receive access category from NAS, RRC performs access barring check. And then RRC informs NAS the access barring check result. If the result is ‘pass’, NAS maps the new IP flow to appropriate QoS flow. Otherwise, NAS continue suspend the new IP flow.

Proposal 4: In RRC_CONNECTED mode, when RRC receive access category from NAS, RRC perform access barring check and then inform the result to NAS, same as in RRC_IDLE mode.
Figure 1 shows framework of unified access control. Detail procedure is also listed as follows:
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Figure.1 Framework for unified access control

1.
UE receives access barring parameters from serving cell system information. The parameters is applied for all three RRC states.

2.1.
For IDLE mode, when NAS receives APP id from application layer, NAS maps the APP id to access category.

2.2.
For CONNECTED and INACTIVE mode, when NAS detects a new IP flow, NAS suspend the IP flow and maps the IP flow to access category.
3.
NAS sends the corresponding category to RRC.

4.
RRC performs access barring check according to access barring parameter corresponding to the received category. 
5.
RRC informs the access barring check result to NAS.

6.1.
For IDLE mode, if NAS is informed with result ‘pass’, NAS is allowed to continue connection setup procedure. Otherwise, NAS bars the APP/service temporary.
6.2.
For CONNECTED and INACTIVE mode, if NAS is informed with result ‘pass’, NAS maps the new IP flow to appropriate QoS flow. Otherwise, NAS continues to suspend the new IP flow.
It can be observed from the framework that the RRC procedure for unified access control is similar with ACDC in LTE.

Proposal 5:  RRC procedure for unified access control is similar with ACDC in LTE.

Access control related system information

In order to perform AC check in RRC layer, RRC needs to be informed the AC barring parameters. In LTE, the barring parameters for ACB, EAB, SSAC, ACDC are all broadcasted in system information. In order to maintain fairness between different UEs in NR, the same set of barring parameters should be applicable for all UEs in all RRC states. Broadcasting is more efficient than unicast. Therefore, for NR, AC barring parameter is broadcasted in system information.

Note: This does not preclude that some UE can have higher priority than others, just like Access Class 11~15 in LTE ACB.

Proposal 6: AC barring parameter is broadcasted in system information.

Since the AC related information is one of the essential information that UE needs to acquire before access to the network, it’s better to allocate AC related broadcasting information in RMSI. 

Proposal 7: AC related broadcasting information is allocated in RMSI.
There are mainly two kinds of AC parameter in LTE. One is ACDC-like barring factor and timer. The other is EAB-like bitmap. ACDC-like factor and timer is more flexible to be set, and easier to achieve fairness among different UE and among different services. We suggest that LTE ACDC-like broadcasting parameter is reused for NR, i.e. barring factor and timer. UE RRC layer draw a random number uniformly distributed in the range 0 ≤ rand < 1, and compare the random number with the barring factor. If AC barring is applicable, barring timer is activated to ignore frequent request. 
Proposal 8: LTE ACDC-like broadcasting parameter is reused for NR, i.e. barring factor and timer.
Since NAS layer can provide category information to RRC layer, it is reasonable that RRC layer should have the mapping information between category and AC parameters. Therefore, the gNB should broadcast AC parameters for each category.

Proposal 9: Network broadcasts AC parameter for each category.
3 Conclusions 
In this paper, we discuss on some RAN2 part of unified access control. We observe and propose:
Proposal 1: Free-ride problem should be solved in NR through access control in RRC_CONNECTED mode.
Proposal 2: RAN2 aims to define a similar AC mechanism for RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED.
Proposal 3: In RRC_CONNECTED mode, when new IP flow shows up, NAS suspends new IP flow and doesn’t map the new IP flow to QoS flow until receiving access check pass indication from RRC. Final decision and details is concluded by CT1.
Proposal 4: In RRC_CONNECTED mode, when RRC receive access category from NAS, RRC perform access barring check and then inform the result to NAS, same as in RRC_IDLE mode.
Proposal 5:  RRC procedure for unified access control is similar with ACDC in LTE.
Proposal 6: AC barring parameter is broadcasted in system information.
Proposal 7: AC related broadcasting information is allocated in minimum SI.
Proposal 8: LTE ACDC-like broadcasting parameter can be taken as baseline for NR, i.e. barring factor and timer.
Proposal 9: Network broadcasts AC parameter for each category.
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