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1
Introduction

The chairman’s notes from RAN3#102 contain the following agreement:
“gNB-CU signals to the gNB-DU assistance information helping the gNB-DU to configure UAC parameters to be broadcast in the SI. The gNB-DU remains the node that takes the final decision about how UAC parameters are configured.”

At RAN3-103 online and offline discussions revealed that there is support for a solution where UAC information sent from gNB-CU to gNB-DU are signalled via dedicated F1AP IEs. During such discussions it emerged that the solution described in R3-190622 could be a suitable baseline for the majority of companies.

This contribution takes the proposals in R3-190622 as a starting point and elaborates further on the final solution.
2
Discussion
UAC is a mechanism available to reduce the rate of UE access to a cell. It needs to be clear that there are a number of tools available to reduce UEs access and signalling load to a given cell. The main two such tools are:

· RRC rejections and releases: The UE is allowed to perform the initial radio access signalling (up to MSg5) and then it is rejected or released potentially with a back off time to avoid immediate reattempts  

· UAC: A percentage of UEs (determined by the rate reduction required) does not attempt access to the cell if the service for which the UE would access corresponds to the Access Category broadcast in the UAC parameters contained in SIB1. 
It is also worth noting that whenever the RAN has resources to serve the initial access signalling for a UE (e.g. up to Msg5), the best way to decide which UEs should access the network and which should be released/rejected is via RRC procedures. 

If we take RRC rejections as an example, in fact, it is clear that a gNB-DU or a gNB-CU can dynamically decide which UE will be rejected based on different criteria such as RRC connection establishment cause, UE identifier, load conditions at gNB-DU, load conditions at gNB-CU. RRC rejections/releases are an ideal tool when the traffic load fluctuates between acceptable levels and levels that can compromise the correct functioning of the RAN.

UAC in turn is a mechanism typically used in situations where load levels are consistently non sustainable and where it is clear that a semi-permanent barring decision for a given percentage of UEs needs to be in place. Using UAC, the advantage is that the barred UEs do not generate any signalling towards the RAN. In turn, the disadvantage is that it is not possible to be very specific on which UE is rejected, i.e. all UEs accessing for the barred access category are subject to access rate reduction. 
Observation 1: RRC rejections and releases are dynamic ways of preventing the UE to further access the network. UAC is a semi static configuration to consistently block a percentage of UEs attempting access to a given Access Class.

2.1 Use case for UAC use at DU

On the basis of the above, one way the RAN could work when load approaches saturation levels is the following:
1. When close to a capacity limits, UEs are rejected or releases at RRC level. Such rejection may come as a decision of the DU (DU does not include the DU to CU RRC Information IE) or as a decision of the CU (e.g. if CU receives the gNB-DU Overload Information IE set to “overloaded”).
2. Depending on the RejectedWaitTime, UEs re-attempt the random access after a certain time 
3. As long as the network can handle the load on the random access channel the network may decide to not activate UAC.
4. If load on random access channel is close to saturation, access class barring can be activated.

5. When UAC is activated, previously rejected UEs (as well as newly accessing UEs) would delay the next random access attempt according to UAC settings in SIB1 which results in a reduced load on the random access channel.
The node most suitable to measure the load on the random access channel and to understand if the channel is close to saturation is the DU. Therefore, it seems plausible to allow the gNB-DU to set UAC parameters in SIB1 in a way to delay and reduce UE access for those restricted classes. The latter is in line with the agreements taken at RAN3-102.
A second use case where the DU is in need of reducing the amount of served UEs is when it reaches the capacity limit on the number of UEs which can be served by the DU. The measures taken are normally the following:
1. The DU indicates to the CU that the UE should be rejected by not including the DU to CU RRC Information IE in the INITIAL UL RRC MESSAGE TRANSFER message
2. The CU sends a RRCReject message.
As an alternative, the DU may configure the UAC parameters in SIB1 and reduce the number of UEs accessing its cells. 

An observation of relevance would be that there could be cases where the DU is subject to temporary peaks of overload for which the best solution is to reject as quickly as possible UEs without the need to handle extra signalling at the DU. In these cases UAC usage may not be the best solution because the overload situation may recover within a small time window. Also, the RRC rejection mechanism would be suboptimal because the DU needs to anyhow signal an INITIAL UL RRC MESSAGE TRANSFER to the CU and receive an DL RRC MESSAGE TRANSFER from the CU before the rejection can occur, i.e. UEs to be rejected generate traffic to an overloaded DU. 
With this in mind RAN3 should consider whether it is possible to allow the DU to generate an RRCReject message towards the UE without the need to signal the CU. Such RRCMessage could be pre-coded at the DU or it could be sent by the CU to the DU in advance, for usage in these special cases of sudden overload.

Proposal 1:  It is proposed to allow the DU to autonomously set UAC parameters in SIB1 to limit the rate of UE access 
Proposal 2:  It is proposed that RAN3 discusses the possibility to allow the DU to issue a pre-coded RRCReject message to the UE, so to reject a UE without the need of signalling towards the CU 
2.2 Use case for UAC use at CU

The two use cases where a CU is in need of reducing UE access are:
1. The CU has reached its capacity limit on the number of UEs it can serve.
2. The CU has reached its capacity limit on the total rate of incoming UEs from its connected DU’s.
The first step, and by all means the fastest and most granular mechanism, by the CU to address these use cases is to reject UEs using the RRCReject message. 
By using the RRCReject message the CU is able to reduce the rate of incoming UEs or to block access to all UEs in a very dynamic way (i.e. reduce/block for 1 second, admit for the next second etc).

This will however not prohibit the UEs to initiate a new attempt which will derive in resources allocation while the CU is likely to anyhow reject the UE again. 
In such cases where the resource overhead caused by RRC rejections is not bearable, the CU could indicate that the rate at which a category of UEs are requesting access to the network needs to be reduced. 
Keeping in mind that the DU oversees MIB/SIB1 encoding, the DU could change the UAC configuration for the appropriate set of UEs to reduce the rate at which those UEs request network access. 
As it was described above, the first line of defence for an overloaded CU is to reject UEs at RRC level. That mechanism is believed to work at short time scales. On the other hand UAC is a longer time scale mechanism, e.g. kicking in when peak hour traffic implies a prolonged overload for the network. For this reason it is believed that the indication from the CU to the DU of triggering UAC does not need to be state-full. 
Namely, the CU may send to the DU an indication to trigger UAC, which produces a traffic reduction, if this is not sufficient the CU sends another rate reduction message to the DU, which triggers a new reduction and so on. If the CU does not signal an indication of rate reduction anymore the DU will increase the rate of UEs that can access the network. 
This allows a simple implementation of the feature, where the CU does not need to keep a state for the rate reduction required at the DU and where the DU remains in control of how to set SIB1 parameters to generate a reduction in traffic.

Proposal 3: Introduce a new, stateless, F1AP message which enables the CU to indicate that it would like the incoming rate of UEs over the F1 interface to be reduced. 
2.3 Use case AMF
The NGAP overload start procedure enables the AMF to request the gNB-CU to reduce the signalling load per PLMNs and slice (S-NSSAIs). 
As a consequence of this procedure the gNB-CU can use the information in the AMF Overload Start message to reduce the rate of incoming UEs. This can be achieved by rejecting or releasing UEs for which S-TMSI indicates that the UE belongs to the AMF. 
Observation 1: Reception of the F1: AMF Overload Start message does not imply use of UAC

In the scenario that all AMFs for a specific slice or PLMN indicate overload, the CU could indicate to the DU that the incoming rate of UEs needs to be reduced by means of signalling UAC support information 
Observation 2: Only if all AMFs connected to a gNB-CU, which support PLMN x and S-NSSAI y, signal an AMF Overload Start for PLMN x and S-NSSAI y, the gNB-CU may decide to signal UAC support information for PLMN x and S-NSSAI y access rate reduction to the gNB-DU
With the above observations in mind, it can be appreciated that triggering of UAC as a result of reception of an NG: AMF Overload Start message is not always the right decision to take. Nevertheless, there might be cases where UAC is triggered by AMF Overload Start messages received by the gNB-CU. For such cases the UAC support information should be able to reflect the information carried in the NG: AMF Overload Start.
Proposal 4: the new F1: UAC Assistance Information message should reflect information available in the NG: AMF Overload Start message 
3
Conclusions:
In this contribution an explanation of the tools available to reject, release or totally prevent UE access to the network have been described. 
The following is proposed:

Proposal 1:  It is proposed to allow the DU to autonomously set UAC parameters in SIB1 to limit the rate of UE access 
Proposal 2:  It is proposed that RAN3 discusses the possibility to allow the DU to issue a pre-coded RRCReject message to the UE, so to reject a UE without the need of signalling towards the CU 
Proposal 3: Introduce a new, stateless, F1AP message which enables the CU to indicate that it would like the incoming rate of UEs over the F1 interface to be reduced. 
Proposal 4: the new F1: UAC Assistance Information message should reflect information available in the NG: AMF Overload Start message 

A CR capturing the proposals above is presented in R3-191658
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