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1
Introduction

The topic of unified access class barring information signalling over the F1 interface was discussed at length during RAN3-103bis. During discussion good progress was made on how to determine the access class category and index for a given access class to be barred. The following agreements were taken:
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

This information is signaled per PLMN

For standardized access categories, it was agreed to do the mapping to Access Category/Identity in the DU by sending an “UAC action” (same definition as Overload Action in TS 38.413) to the DU.

For non-standardized access categories, mapping to Access Category/Identity is done in the CU; the CU sends the Access Category/Identity to the DU.

The above agreements imply the following: 

1) Upon reception of UAC assistance information, it is up to gNB-DU implementation to decide how to convert such information into the UAC parameters ultimately broadcast over SIB1

2) The information signalled from gNB-CU to gNB-DU is always per PLMN

3) The information signalled from gNB-CU to gNB-DU shall contain an indication of Access Category/Access Identity if barring of non-standardised access categories is requested or an UAC Action IE (equivalent to NG Overload Action) if barring of standardised access categories is requested  

The remaining open point to resolve is on the information to be signalled to indicate the level of access rate reduction to be achieved. Here two alternatives have been outlined:
Alternative 1: gNB-CU signals to gNB-DU a single IE, e.g. the UAC Reduction Indication IE, similar to the Traffic Load Reduction Indication IE over the NG interface. This value indicates the reduction percentage of access rate as seen by the gNB-CU

Alternative 2: gNB-CU signals to gNB-DU two IEs, the UAC Barring Factor and the UAC Barring Time IEs. These IEs are present in SIB1 and are defined as follows in TS 38-331

- UAC Barring Factor: Indicates the probability that access attempt would be allowed during access barring check as defined in subclause 6.3.2 in TS 38.331.
- UAC Barring Time: Indicates minimum time before a new access attempt is to be performed after an access attempt was barred at access barring check for the same access category as defined in subclause 6.3.2 in TS 38.331.

2
Discussion
When analysing the two alternatives outlined in Section 1 it is easy to see that Alternative 1 provides a clear and error free way for the gNB-DU to achieve the access rate reduction suggested by the gNB-CU. This is because a definition of an equivalent IE is already available over the NGAP. The interpretation of this IE at the gNB-DU would be the same as the interpretation of the mirror NG Traffic Load Reduction Indication IE at the gNB-CU. 

Namely, taking the NGAP specification as a reference the new UAC Reduction Indication IE could be defined as follows:
UAC Load Reduction Indication
This IE indicates the percentage of the type of traffic relative to the instantaneous incoming rate at the gNB-DU, as indicated in the UAC Action IE, to be rejected.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	UAC Reduction Indication
	M
	
	INTEGER (1..99)
	


Note that the definition of the IE (imported from the NGAP) states that the rate of reduction is “relative to the instantaneous incoming rate at the gNB-DU”, namely this reduction is calculated with respect to the access rate currently experienced. 
If for example, 

· gNB-DU has already enabled UAC with a rate reduction of 30% for a certain Access Class, i.e. only 70% of UEs for that class attempt access, and

· gNB-DU receives from gNB-CU an indication that the same Access Class needs an access reduction of 30% then

· gNB-DU needs to configure UAC parameters so that 30% of the 70% of UEs attempting access would be barred, i.e. a total absolute access reduction of 51% (30% + (70*0.3)%) should be guaranteed.
Conclusion 1: The use of an access rate reduction over F1, equal to the NGAP Traffic Load Reduction Indication IE ensures, ensures easy interpretation and error free rate reduction calculation because it is based on existing NGAP mechanisms  

When considering Alternative 2, there are two main drawbacks that can be identified. 
Drawback 1: the use of UAC Barring Time and UAC Barring Factor is up to RRM at the gNB-DU

UAC offers the possibility to achieve access rate reduction by increasing the time between access attempts for a UE or by barring a larger percentage of UEs or by a combination of both. 
Whether and how to use these two tools should be up to the gNB-DU. This is because it is up to the gNB-DU implementation and resource status to decide whether to delay access or whether to have a shorted access time but barring a higher percentage of UES. In fact, the gNB-DU could by its own will decide to modify these parameters due to its own needs. For example, if the rate of access needs to be increased (either due to a decision at gNB-DU or at gNB-CU), the use of a longer UAC-BarringTime and a higher UAC-BarringFactor would allow for a more gradual increase of rate access. The latter choice would be good if the gNB-DU resources are becoming available at a slow rate. On the contrary, if the gNB-DU resources are suddenly available in high quantities, a short UAC-BarringTime could be better.

Drawback 2: the use of UAC Barring Time and UAC Barring Factor is prone to errors prone and poor interoperability
In TS 38.331, the UAC Barring Time and UAC Barring Factor are described and interpreted from a UE point of view. Their definition is as follows:
	uac-BarringFactor

Represents the probability that access attempt would be allowed during access barring check.

	uac-BarringTime

The minimum time before a new access attempt is to be performed after an access attempt was barred at access barring check for the same access category.


Let us assume that, for a given Access Category, the gNB-DU is already applying a certain UAC-BarringFactor and UAC-BarringTime. Let’s assume these are 

DU-Applied-UAC-BarringFactor == p30

DU-Applied-UAC-BarringTime == s32

With this configuration UEs will be barred with a 70% probability and they will come back after timer T390 (see TS38.331) calculated as T390 == (0.7+ 0.6 * rand) * uac-BarringTime from the last failed access barring check.

The gNB-CU will therefore “see” about 30% of UEs accessing and UEs accessing after a previously failed access barring check will be subject to the T390 barring time delay. 

Note: if considering UEs of all Access Classes, the gNB-CU will see an overall time between UE accesses that is the result of UEs accessing without any barring  and UEs accessing after barring (i.e. UEs delayed by 32 seconds from last attempt). Let’s assume the overall period between UE access seen at gNB-CU is 8 seconds.
Let’s assume the gNB-CU wants to achieve a reduction of traffic access of 30%.

By signalling the UAC-BarringFactor and UAC-Barring time there is ambiguity at the gNB-DU on how to interpret this information. 

According to the definition of UAC-BarringFactor in TS38.331, the indication from gNB-CU means to change UAC-BarringFactor over SIB1 to p30, i.e.

CU-Applied-UAC-BarringFactor == p30

However, this would not produce a reduction of total UE access, BUT AN INCREASE OF IT, because UAC-BarringFactor is already set by DU to p70.

To resolve this issue we would need to modify the definition of the UAC-BarringFactor, i.e. having a definition in 38.473 that is different from the one in 38.331.

If gNB-CU wants to achieve the reduction by an increase of the UAC-BarringTime, it may signal UAC-BarringTime == s32, i.e.

CU-Applied-UAC-BarringTime == s32
but this is what the DU is already applying. So that would mean no change over SIB1 and therefore no reduction in rate access.

Conclusion 2: By assuming the definitions of UAC-BarringTime and UAC-BarringFactor as specified in TS38.331 a solution based on signalling of such parameters from gNB-CU to gNB-DU is error prone and non interoperable.  

In light of the above it is therefore proposed to adopt a solution based on Alternative 1 in Section 1.
Proposal 1: It is proposed to adopt a solution for UAC assistance information signalling over F1AP based on the signalling of a single IE, e.g. the UAC Reduction Indication IE, similar to the Traffic Load Reduction Indication IE used over the NG interface
When considering how to signal the UAC Assistance Information from gNB-CU to gNB-DU two options are available:

· Reuse an existing procedure such as the gNB-CU Configuration Update

· Introduce a new procedure dedicated at signalling the UAC assistance information (possibly based on AMF Overload Start procedures) from gNB-CU to gNB-DU.

It should be noted that UAC assistance information may not be solely gNB-CU configuration information because (as explained above) such information could also be derived from an NG: AMF Overload Start message. For that reason one option would be to introduce a new dedicated procedure to carry such information. This approach is in line with what already adopted over the NG interface, where the equivalent information was not added to the NG: AMF Configuration Update procedure, but where a dedicated procedure (the NG: AMF Overload Start) was introduced. 
Another option is to carry this in the gNB-CU configuration update, in which case we may need to have a discussion whether the gNB-CU configuration update needs to be re-purposed to carry the UAC assistance information not solely related to the gNB-CU configuration, i.e. information coming from the NG: AMF Overload Start.

Proposal 2: RAN3 to discuss whether to introduce a new F1AP message or to reuse existing messages to enable the gNB-CU to indicate a reduction of access rate for UEs using specific services. 
Regarding the detailed proposal, we provide two versions of the CR, taking the agreements and the proposal in this paper into account. There are some updates worth noticing compared to previous versions of these CRs:

· A UAC Type List 1..<maxnoofUACperPLMNs> is added to enable the possibility to send information on multiple categories per PLMN
· A single reduction indication is used, as proposed earlier in this document

· A choice structure is used for standardized and operator defined categories

· All IEs are Mandatory, which simplifies the procedural text a lot (see for example NG overload start procedural text)

3
Conclusions
In this paper the background of the UAC discussions, with its agreements and open points has been outlined. 
The paper has explained that, when signalling access rate reduction information similar to what is signalled in the NG: AMF Overload Start message (i.e. in the Traffic Load Reduction Information IE) one can achieve a simple, error free and interoperable implementation. On the contrary, when access rate reduction information is signalled in the form of RRC-defined UAC-BarringFactor and UAC-BarringTime, the implementation becomes error prone and non interoperable, especially for cases where UAC is activated by gNB-DU and gNB-CU at the same time. 

The conclusions and proposals captured in the paper are as follows:

Conclusion 1: The use of an access rate reduction over F1, equal to the NGAP Traffic Load Reduction Indication IE ensures, ensures easy interpretation and error free rate reduction calculation because it is based on existing NGAP mechanisms  


Conclusion 2: By assuming the definitions of UAC-BarringTime and UAC-BarringFactor as specified in TS38.331 a solution based on signalling of such parameters from gNB-CU to gNB-DU is error prone and non interoperable.  


Proposal 1: It is proposed to adopt a solution for UAC assistance information signalling over F1AP based on the signalling of a single IE, e.g. the UAC Reduction Indication IE, similar to the Traffic Load Reduction Indication IE used over the NG interface


Proposal 2: RAN3 to discuss whether to introduce a new F1AP message or to reuse existing messages to enable the gNB-CU to indicate a reduction of access rate for UEs using specific services. 
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