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1 Introduction
[bookmark: _Toc474247438]This document discusses the UAC handling in 5GC.
2 Discussion
In RAN2#103 meeting, RAN2 agreed that a UE stops the UAC barring timers upon cell selection, cell reselection, handover and entering RRC_CONNECTED. However, we are wonder is this reasonable for UAC control or not.
Agreements for NR and LTE/5GC
1a	After a "handover" in RRC_CONNECTED, and at entering RRC_Connected, and at reception of MobilityFromNRCommand  barring timers should be stopped and alleviation is indicated to upper layers. 
1b	After a "handover" in RRC_CONNECTED then UE cannot perform barring check until it has a valid AC information (from SIB1 for NR/eLTE or SIB25 for eLTE) from the target cell.
2	At cell selection stop barring timers T390 (reselection was already agreed)

As mentioned in several contributions (e.g., R2-1812142 [1] and R2-1811654 [2]) in RAN2#103, the main point to stop the T390 up cell (re)selection or handover is that different cells may have different UAC configurations. After entering the new cell, the UE does not need to keep the same access barring status. For example, in R2-1811654 [2], it mentions the UE could try again in the new cell by performing ACB checking and the situation is not changed in NR (for UAC). 
	From R2-1811654
Scenario 1: upon cell reselection 
In LTE upon cell reselection, all ACB barring timer shall be stopped including wait timer T302 since the congestion situation may be different in the new cell. The UE could try again in the new cell by performing ACB checking. 
For NR, the situation is not changed. We do not see the reason to have different handling than LTE. This is applicable for IDLE/INACTIVE and also cell selection for reestablishment in connected mode. 



Given that different cells may have different UAC configurations, the UE should do UAC check upon entering a new cell if the new cell broadcasts a UAC configuration. Howerer, the UE does not do UAC check according to the current NAS [3] and RRC [4] standards.

According to section 4.5.4.2 of TS 24.501, the NAS in 5GMM-CONNECTED mode with RRC inactive indication (i.e., inactive mode) may initiate transmission of a SMS message to the network and provides the access identities and the access category to the RRC for UAC check. If the access attempt is allowed as a result of the UAC check, the NAS initiates the NAS transport procedure to send the SMS. If the access attempt is barred as a result of the UAC check, the NAS does not initiate the NAS transport procedure. Later on, the UE may perform reselects to a new cell according to cell reselection procedure. According to TS 38.331 [4], the RRC indicates NAS the access barring alleviation for the SMS. In response the access barring alleviation, the NAS initiates the NAS transport procedure to send the SMS (i.e., without providing the access identities and the access category to the UE for UAC check).  Since the NAS does not provide the access identities and access category, the RRC does not perform the UAC check according to section 5.3.13.2 of TS 38.331 [4]. This means all UEs in inactive state are able to transmit a NAS messages associated with a barred access category without UAC check upon cell reselection.

From TS 24.501 v16.4.1 (inactive and connected mode)
[bookmark: _Toc36656872][bookmark: _Toc36212695][bookmark: _Toc27746515][bookmark: _Toc20232429]4.5.4.2	Access control and checking in 5GMM-CONNECTED mode and in 5GMM-CONNECTED mode with RRC inactive indication
When the UE is in 5GMM-CONNECTED mode or 5GMM-CONNECTED mode with RRC inactive indication, upon detecting one of events 1) through 8) listed in subclause 4.5.1, the NAS shall categorize the corresponding access attempt into access identities and an access category following:
a)	subclause 4.5.2, table 4.5.2.1 and table 4.5.2.2, and subclause 4.5.2.3, if the UE is not operating in SNPN access mode; or
b)	subclause 4.5.2A, table 4.5.2A.1 and table 4.5.2A.2, and subclause 4.5.3, if the UE is operating in SNPN access mode,
and provide the access identities and the access category to the lower layers for the purpose of access control checking. In this request to the lower layer the NAS can also provide to the lower layer the RRC establishment cause determined as specified in subclause 4.5.6 of this specification.
(Omit not related parts)
If the lower layers indicate that the access attempt is allowed, the NAS shall take the following action depending on the event which triggered the access attempt:
a)	if the event which triggered the access attempt was an MO-MMTEL-voice-call-started indication, an MO-MMTEL-video-call-started indication, an MO-SMSoIP-attempt-started indication, or an MO-IMS-registration-related-signalling-started indication, the NAS shall notify the upper layers that the access attempt is allowed;
b)	if the event which triggered the access attempt was a request from upper layers to send a mobile originated SMS over NAS, 5GMM shall initiate the NAS transport procedure as specified in subclause 5.4.5 to send the SMS in an UL NAS TRANSPORT message;
(Omit not related parts)
If the lower layers indicate that the access attempt is barred, the NAS shall take the following action depending on the event which triggered the access attempt:
(Omit not related parts)
b)	if the event which triggered the access attempt was a request from upper layers to send a mobile originated SMS over NAS, 5GMM shall not initiate the NAS transport procedure as specified in subclause 5.4.5 to send the SMS in an UL NAS TRANSPORT message. Upon receiving an indication from the lower layers that the barring is alleviated for the access category with which the access attempt was associated, 5GMM may initiate the NAS transport procedure as specified in subclause 5.4.5 to send the SMS in an UL NAS TRANSPORT message, if still needed;
(Omit not related parts)

From TS 38.331 v16.1.0 (RRC connection resume)
[bookmark: _Toc46486809][bookmark: _Toc46444048][bookmark: _Toc46439211]5.3.13.2	Initiation
The UE initiates the procedure when upper layers or AS (when responding to RAN paging, upon triggering RNA updates while the UE is in RRC_INACTIVE, or for sidelink communication as specified in sub-clause 5.3.13.1a) requests the resume of a suspended RRC connection.
The UE shall ensure having valid and up to date essential system information as specified in clause 5.2.2.2 before initiating this procedure.
Upon initiation of the procedure, the UE shall: 
1>	if the resumption of the RRC connection is triggered by response to NG-RAN paging:
2>	select '0' as the Access Category;
2>	perform the unified access control procedure as specified in 5.3.14 using the selected Access Category and one or more Access Identities provided by upper layers;
3>	if the access attempt is barred, the procedure ends;
1>	else if the resumption of the RRC connection is triggered by upper layers:
2>	if the upper layers provide an Access Category and one or more Access Identities:
3>	perform the unified access control procedure as specified in 5.3.14 using the Access Category and Access Identities provided by upper layers;
4>	if the access attempt is barred, the procedure ends;
2>	set the resumeCause in accordance with the information received from upper layers;
(Omit not related parts)

Similar to the inactive state, the NAS in 5GMM-IDLE may provide the access identities and access category to the RRC layer in idle for UAC checks. After the UAC checks, the access attempt is barred, the NAS postponed the transmission. After the cell reselection in idle mode, the RRC stops the access barring timer and indicates NAS the access barring alleviation. In response the access barring alleviation, the NAS initiates the procedure to send the initial NAS message as specified in section 4.5.4.1 of TS 24.501 [3] SMS (i.e., without providing the access identities and the access category to RRC). When NAS does not provide access identities and access category, a UE in RRC_IDLE performs RRC connection establishment without UAC checking. This means all UEs in idle state are able to transmit a NAS messages associated with a barred access category without UAC check upon cell reselection.

From TS 24.501 v16.4.1 (idle mode)
[bookmark: _Toc36656871][bookmark: _Toc36212694][bookmark: _Toc27746514]4.5.4.1	Access control and checking in 5GMM-IDLE mode and in 5GMM-IDLE mode with suspend indication
When the UE is in 5GMM-IDLE mode or 5GMM-IDLE mode with suspend indication, upon receiving a request from the upper layers for an access attempt, the NAS shall categorize the access attempt into access identities and an access category following:
a)	subclause 4.5.2, table 4.5.2.1 and table 4.5.2.2, and subclause 4.5.3, if the UE is not operating in SNPN access mode; or
b)	subclause 4.5.2A, table 4.5.2A.1 and table 4.5.2A.2, and subclause 4.5.3, if the UE is operating in SNPN access mode,
and provide the applicable access identities and the access category to the lower layers for the purpose of access control checking. In this request to the lower layer the NAS can also provide to the lower layer the RRC establishment cause determined as specified in subclause 4.5.6 of this specification.
(Omit not related parts)
If the lower layers indicate that the access attempt is allowed, the NAS shall initiate the procedure to send the initial NAS message for the access attempt.
If the lower layers indicate that the access attempt is barred, the NAS shall not initiate the procedure to send the initial NAS message for the access attempt. Additionally:
(Omit not related parts)
b)	if the event which triggered the access attempt was an MO-SMSoIP-attempt-started indication or an MO-IMS-registration-related-signalling-started indication:
(Omit not related parts)
3)	otherwise, the NAS shall notify the upper layers that the access attempt is barred. In this case, upon receiving an indication from the lower layers that the barring is alleviated for the access category with which the access attempt was associated, the NAS shall notify the upper layers that the barring is alleviated for the access category and may initiate the procedure to send the initial NAS message, if still needed.
NOTE 4:	Barring timers, on a per access category basis, are run by the lower layers. At expiry of barring timers, the indication of alleviation of access barring is indicated to the NAS on a per access category basis.

[bookmark: _Toc12717979]From TS 38.331 v16.1.0 (RRC connection establishment)
[bookmark: _Toc46486722][bookmark: _Toc46443961][bookmark: _Toc46439124]5.3.3.2	Initiation
The UE initiates the procedure when upper layers request establishment of an RRC connection while the UE is in RRC_IDLE and it has acquired essential system information as described in 5.2.2.1, or for sidelink communication as specified in sub-clause 5.3.3.1a.
The UE shall ensure having valid and up to date essential system information as specified in clause 5.2.2.2 before initiating this procedure.
Upon initiation of the procedure, the UE shall:
1>	if the upper layers provide an Access Category and one or more Access Identities upon requesting establishment of an RRC connection:
2>	perform the unified access control procedure as specified in 5.3.14 using the Access Category and Access Identities provided by upper layers;
3>	if the access attempt is barred, the procedure ends;
(Omit not related parts)

As specified above, current interaction between RRC and NAS cause a UE does not do UAC check again after the access barring alleviation. This may result in the UAC control does not work in the new cell, figure 1 depicts an example of problem.
1) A UE in inactive mode with Cell A and receives a SIB1 from the Cell A. In the SIB1 the uac-BarringFactor for AC3=p25. Later on, the upper layers decide to transmit a message associated with AC3. In response to this decision, the upper layers provide the access identities and access category to the RRC to the UAC checks for AC3
2) After the UAC checks, the result is access barred. The RRC starts an access barring timer for AC3 and indicates upper layers access barring for AC3 is applicable;
3) After a period of time, the RRC reselects to Cell B and acquires the SIB1 from the Cell B. The Cell B wants to control AC3 traffic and sets the uac-BarringFactor for AC3 to p00. 
4) Due to cell reselection, the RRC stops access barring timer for AC3 and indicates upper layers access barring alleviation for AC3.  After receiving the access barring alleviation from the RRC, the upper layers requests the RRC to transmit a message associated with AC3 without providing the access identities and access category. The RRC performs RRC resume procedure and transmit the message associated with AC3 to the Cell B without UAC checks. The UE is always able to transmit a message associated with AC3 in cell B after it reselects to the cell B.



Figure 1 UAC control does not work after cell reselection
Observation 1: Even a cell has the UAC configuration to control the access attempt on an access category. A UE barred this access category in another cell always skip the UAC check for this access category after the cell reselection.

According to current RRC standard [4], the RRC also indicate upper layers the access barring alleviation upon cell selection. Same as cell reselection issue we discussed in inactive and idle mode, this also result in a UE is able to send a message associated with a barring access category without UAC checks after the cell selection. 
After handover to another cell, the RC also indicate upper layers access barring alleviation. According to section 4.5.4.2 of TS 24.501 [3], the NAS requests RRC to transmit a message associated with the alleviated access category without providing the access identities and access category.  As specified in 5.3.14.1 of TS 38.331 [4], the RRC only perform the UAC checks when the upper layers provide the access identities and access category for this access attempt. Since the upper layers neither provide access identities nor access category, the RRC transmit the NAS message according to section 5.7.2 without UAC checks.
Observation 2: Even a cell has the UAC configuration to control the access attempt on an access category. A UE barred this access category always skip the UAC check for this access category upon cell selecting to this cell or handover to this cell.

From TS 38.331 v16.1.0 (connected mode UE)
[bookmark: _Toc46486820][bookmark: _Toc46444059][bookmark: _Toc46439222]5.3.14	Unified Access Control
[bookmark: _Toc46486821][bookmark: _Toc46444060][bookmark: _Toc46439223]5.3.14.1	General
The purpose of this procedure is to perform access barring check for an access attempt associated with a given Access Category and one or more Access Identities upon request from upper layers according to TS 24.501 [23] or the RRC layer. This procedure does not apply to IAB-MT.
After a PCell change in RRC_CONNECTED the UE shall defer access barring checks until it has obtained SIB1 (as specified in 5.2.2.2) from the target cell.

[bookmark: _Toc46486912][bookmark: _Toc46444151][bookmark: _Toc46439314]5.7.2	UL information transfer
[bookmark: _Toc46486913][bookmark: _Toc46444152][bookmark: _Toc46439315]5.7.2.1	General


Figure 5.7.2.1-1: UL information transfer
The purpose of this procedure is to transfer NAS dedicated information from the UE to the network.
[bookmark: _Toc46486914][bookmark: _Toc46444153][bookmark: _Toc46439316]5.7.2.2	Initiation
A UE in RRC_CONNECTED initiates the UL information transfer procedure whenever there is a need to transfer NAS dedicated information. The UE initiates the UL information transfer procedure by sending the ULInformationTransfer message.
[bookmark: _Toc46486915][bookmark: _Toc46444154][bookmark: _Toc46439317]5.7.2.3	Actions related to transmission of ULInformationTransfer message
The UE shall set the contents of the ULInformationTransfer message as follows:
1>	if the upper layer provides NAS PDU:
2>	set the dedicatedNAS-Message to include the information received from upper layers
1>	submit the ULInformationTransfer message to lower layers for transmission, upon which the procedure ends.

For the cases we discussed above (i.e., cell (re)selection and handover), we think current access barring alleviation behavior here is not the original intention in RAN2. Original intention is to let a UE has chance to perform UAC check again according new UAC configuration. After the UE stops the access barring timer and indicates access barring alleviation to the upper layers. If the upper layers still want to transmit the messages associated with the access category, it shall request UE to perform UAC again. According above, we think RAN2 should send a LS to CT1 for correct NAS UAC control behaviours.
Proposal 1: Send a LS to CT1 to clarify the NAS behaviours:
After receiving an access barring alleviation indication from RRC and the upper layers still want to transmit the messages associated with the access category, it shall request RRC to perform UAC again.

The next issue we think RAN2 should discuss is the entering RRC_CONNECTED case. After entering RRC_CONNECTED, the RRC also stop all access barring timers and indicate upper layers the access barring alleviation.  Since UE serving cell before and after RRC_CONNECTED mode should be the same, the UAC configuration should also be the same. However, we think current UE UAC behaviours may also result in the UAC control does not work even the UAC configuration is the same. Figure 2 depicts an example of a problem that may cause UAC not work.
1) Due to current traffic, a Cell A broadcasts uac-BarringFactor for AC3 is p00 and uac-BarringFactor for AC1 is p95 in SIB1 (i.e., the Cell A wants to control AC3 traffic and does not need to control AC1 traffic).
2) A UE in Cell A tries to transmit a message associated with AC3 and performs the UAC check for AC3. After the UAC checks, the access attempt is barred. RRC layer starts an access barring timer for AC3 and indicates upper layers the access barring for AC3 is not applicable.
3) Later on, the upper layers decide to transmit an AC1 message and the UAC check result is access allowed. In response to the access for AC1 is allowed, the RRC performs RRC connection establishment procedure with the Cell A and enters RRC_CONNECTED. 
4) After entering RRC_CONNECTED, the RRC stops access barring timer for AC3 and indicates upper layers the access barring alleviation for AC3. After this, the RRC is able to transmit the AC3 message directly (i.e., does not need to prform UAC check). 
Since the same UAC configuration (i.e., uac-BarringFactor for AC3 is p00) is applicable for the UE in both RRC_IDLE and RRC_CONNECTED, we think the UE should not alleviate the AC3 under this situation. The access barring alleviation here let all UEs able to transmit a message associated with an access category that the network try to control after entering RRC_CONNECTED. Base on this, we think the UE should neither stop access barring timer nor indicate upper layers access barring alleviation upon entering RRC_CONNECTED. 
Observation 3: Even a cell has the UAC configuration to control the access attempt on an access category. A UE barred this access category always skip the UAC check for this access category upon entering RRC_CONNECTED.
Proposal 2: A UE does not stop access barring timer and indicate upper layers access barring alleviation upon entering RRC_CONNECTED.


Figure 2 UAC control does not work after entering RRC_CONNECTED

Final case we think RAN2 should discuss is RRCRelease case. According to current RRC standard, RRC layer stops the access barring timer and indicate upper layer the access barring alleviation after receiving the RRCRelease (i.e., upon entering RRC_INACTIVE or RRC_IDLE). Since a UE always perform cell selection procedure after it receives the RRCRelease message and we already have particular UE behaviours for access barring control upon cell selection, the UE does not need to do anything for access barring control upon receiving RRCRelease. 
Proposal 3: The UE does not need to stop the access barring timer and indicates upper layers the access barring alleviation upon receiving RRCRelease.
[bookmark: _Ref433086885]3 Conclusion
According to above obvious and discussions, we have the following observations and proposals:
Observation 1: Even a cell has the UAC configuration to control the access attempt on an access category. A UE barred this access category in another cell always skip the UAC check for this access category after the cell reselection.
Observation 2: Even a cell has the UAC configuration to control the access attempt on an access category. A UE barred this access category always skip the UAC check for this access category upon cell selecting to this cell or handover to this cell.
Observation 3: Even a cell has the UAC configuration to control the access attempt on an access category. A UE barred this access category always skip the UAC check for this access category upon entering RRC_CONNECTED.
Proposal 1: Send a LS to CT1 to clarify the NAS behaviours:
After receiving an access barring alleviation indication from RRC and the upper layers still want to transmit the messages associated with the access category, it shall request RRC to perform UAC again.
Proposal 2: A UE does not stop access barring timer and indicate upper layers access barring alleviation upon entering RRC_CONNECTED.
Proposal 3: The UE does not need to stop the access barring timer and indicates upper layers the access barring alleviation upon receiving RRCRelease.
If RAN2 agreed above proposals, we are glad to provide the LS to CT1.
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