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1 Introduction
[bookmark: _GoBack]The RRC based busy indication was discussed last meeting for RRC_Inactive state and the conclusion was to not have the RRC based busy indication since the understanding was that NAS based busy indication could be used also for RRC_Inactive state. [1]. This agreement can be reverted if it is found that this solution is not feasible for Rel-17. The decision was shared to SA2, CT1 and RAN3 in an LS [2].

When studying this feature further it is found that the NAS based busy indication in RRC_Inactive state does not work as intended. The reason is that when sending the busy indication as a NAS message in the Resume Request message, then also the data bearers are resumed and the data available in RAN, which was the reason for the paging, will be sent to the UE. 
The intention with the busy indication is that it will not start the data communication on that SIM, the UE only notifies the NW in order to stop the paging and save NW paging resources since the UE is busy with something on the other SIM. 

The SA2 meeting SA2#145 will be held in parallel with this RAN2 meeting #114, but the LS has been discussed in premeetings to the SA2 meeting [4]. 

Therefore the pros and cons of the RRC based busy indication needs to be discussed further. 
2 Busy Indication

The aim of the busy indication is to tell the network that the UE have received the paging but do not have time or resources to start a communication with this SIM. The MuSIM UE may be in Connected state on the other SIM, using Rx and Tx resources in the UE, thereby it is not able to start a connection using the first SIM. With the busy indication the network can take appropriate actions like stopping paging repetitions and escalations. Furthermore the network would know in what cell the UE currently is camping on.

It is agreed in SA2 to implement the NAS based busy indication in Idle State. There are no agreements on how to implement the busy indication in RRC_Inactive State/CM Connected State. The busy indication in RRC_Inactive state was discussed in a SA2 MuSIM conference call[4]. 

When studying how the NAS based leaving can be implemented when the UE is in RRC_Inactive, preferably without any RRC impact, there are some obstacles. 
The UE is in RRC_Inactive State on one SIM and in RRC Connected state on the other SIM. Therefore the UE wants to send a busy indication to the NW where the first SIM is camping to stop the current paging repetitions. 
As a response to the RAN Paging it is proposed that the UE sends a “RRC ResumeRequest. According 38.331 [3], section 5.3.2.3 the Resume Cause Value can be set to “mps-PriorityAccess “, “mcs-PriorityAccess”, “ highPriorityAccess” or  “mt-Access”.  Based on this response the Network responds back to the UE according to 38.331 section 5.3.13 with one of the messages, “RRCResume”, “RRCSetup”, “RRCRelease” (without or with suspend configuration) or RRCReject. 
The network waits for the UE to respond to the paging so when gNB/RRC receives the resume request it normally respond with a RRCResume and finally the UE responds with a RRCResumeComplete. Thereby all SRBs and DRBs are resumed and starts to send data, from the buffer in MAC, to the UE. 
The NAS message containing the busy indication should be sent as early as possible in this procedure, either as EDT in the msg3, RRCResumeRequest, or in msg5, RRCResumeComplete. 



Figure 1, Basic Resume procedure form 38.331.

In Figure 2, the procedure which may happen when sending a busy indication as a NAS message in a RRCResumeRequest. The NAS message may be transmitted later which will make the delay even longer. The NAS layer at the AMF will when it receives the busy indication, release all bearers and send the UE Context Release Request over the NGAP interface  to the gNB, which instructs the RRC layer to release the UE to RRC_Idle State. However before NAS releases the UE by the UE Context Release Command the RRC will resume the connection and the gNB will start to transmit the data it has in the buffer. Since the UE has sent the busy indication it does not want any downlink data, the UE should furthermore not get charged for the data it does not want to receive Anyway, the UE will start to receive the data and unless it is prevented, send it to the UE application which will acknowledge and reply to the NW application. 

The UE needs to be active on this connection until it is released to idle state which  will according to the earlier estimations take quite long time in the order of 70-100ms. Thereby the interruption on the connection based on the other SIM becomes very long. Furthermore the UE is released to RRC_Idle state instead of in RRC_Inactive state which it was in before the paging. 
Furthermore, this may lead to UE responses after the RRC connection is released, which is seen in the end Figure 2 as the risk for further RACH accesses for data from the application.   



[bookmark: _Ref71290238]Figure 2: Procedure for NAS based busy indication
Therefore, the solution with NAS based busy indication, without doing anything in RRC layer has the following problems: 
1) The connection is resumed and data is started to be sent to the UE before the connection is released
2) The UE needs to implement a method to prevent the user data to reach upper layers (application layers) in the UE
3) The UE will be charged for this data unless RAN reports that this is useless data to the AMF.
4) The network releases the UE to Idle state, instead of RRC_Inactive state which in many cases is a less efficient state for the UE.
5) There will be an unnecessary long interruption on the connection for SIM2 since a response from NAS is expected
6) This procedure will use unnecessary resources in gNB before the UE finally is released. 

Observation 1: The NAS based busy indication in RRC_Inactive state has several drawbacks such as the connection is resumed and data transmission is started, just to be able to release the UE to RRC_Idle state. This procedure will also use unnecessary resources in gNB. 

Since the discussed solution have several drawbacks both for the UE and for the network we should aim to simplify this solution. It seems to be difficult to solve this without any RRC impact, but it should be minimized.

Based on this it is proposed to include a new Resume Clause value with the meaning of a busy indication, e.g. “mt-reject”, then the network knows that the UE wants to stop paging and return to RRC_Inactive State. 
To inform the NAS layer (AMF) a NAS message including Paging Restriction (PR) information, as discussed in SA2, with paging filters, could be sent  using MO-EDT in msg3 with the RRCResumeRequest, see Figure 3: Procedure for RRC based procedure.



[bookmark: _Ref71269315]Figure 3: Procedure for RRC based procedure

Observation 2: With a new Resume Clause “mt-reject”, possibly combined with a NAS message with Paging restrictions, the impact on both the network and the UE would be minimized.

Proposal: Add a new Resume Cause value indicating busy indication for a UE in RRC_Inactive state. 

3 [bookmark: _Hlk510094111]Conclusion
Observation 1:  The NAS based busy indication in RRC_Inactive state has several drawbacks such as the connection is resumed and data transmission is started, just to be able to release the UE to RRC_Idle state. This procedure will also use unnecessary resources in gNB. 

Observation 2: With a new Resume Clause “mt-reject”, possibly combined with a NAS message with Paging restrictions, the impact on both the network and the UE would be minimized.

Proposal: Add a new Resume Cause value indicating busy indication for a UE in RRC_Inactive state. 

4 ….References
[1]. [bookmark: _Ref68093243][bookmark: _Hlk48220970]R2-2104301 Report on LTE legacy, Mobility, DCCA, Multi-SIM and RAN slicing 
[2]. R2-2104354, LS on NAS-based busy indication, RAN2.
[3]. [bookmark: _Ref71100515]3GPP TS 38.331 NR; Radio Resource Control (RRC); Protocol specification v 16.4.1
[4]. 3GPP TS 38.413, NG-RAN; NG Application Protocol (NGAP) v 16..5.1
[5]. [bookmark: _Ref71100322]S2-210xxxx, Meeting minutes from FS_MUSIM / MUSIM conference call 20210430



image1.wmf
U

E

N

e

t

w

o

r

k

R

R

C

R

e

s

u

m

e

R

e

q

u

e

s

t

/

R

R

C

R

e

s

u

m

e

R

e

q

u

e

s

t

1

R

R

C

R

e

s

u

m

e

R

R

C

R

e

s

u

m

e

C

o

m

p

l

e

t

e


oleObject1.bin

image2.emf
UE RRC

RRCResumeRequest

ResumeCause ͟mt-access͟

NAS message with 

Busy indication 

RRCResume

AMF

RRCResumeComplete

NAS message with 

Busy indication

User Data

UE Context Release

Command

UE Context Release

Complete

RRCRelease

Risk for new RACH with UE 

Response of User Data


Microsoft_Visio_Drawing.vsdx
UE
RRC
RRCResumeRequest
ResumeCause ”mt-access”
NAS message with 
Busy indication
RRCResume
AMF
RRCResumeComplete
NAS message with 
Busy indication
User Data
UE Context Release
Command
UE Context Release
Complete
RRCRelease
Risk for new RACH with UE Response of User Data



image3.emf
UE RRC

RRCResumeRequest

ResumeCause ͟mt-reject͟

NAS message (PR) as EDT

RRCRelease

AMF

NAS message with Paging 

Restrictions


Microsoft_Visio_Drawing1.vsdx
UE
RRC
RRCResumeRequest
ResumeCause ”mt-reject”
NAS message (PR) as EDT
RRCRelease
AMF
NAS message with Paging Restrictions



