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1. Introduction
When the RAN paging triggered by the DL data is failed, the gNB can keep the NG connection active or initiate the AN Release procedure based on local configuration in NG-RAN [1]. To support this functionality, it is needed to consider how the gNB-CU-UP discards the pending DL data and keeps the Bearer context for the UE. In this contribution, we examine this issue and then provide our view on it.
2. Discussion
When the gNB-CU-UP detects DL data arrival for the UE in the RRC_INACTIVE state, it triggers the DL Data Notification procedure to the gNB-CU-CP. When receiving the DL DATA NOTIFICATION message, the gNB-CU-CP sends the XnAP RAN PAGING message to neighbour gNB(s) in the RNA. If the UE accesses to the last serving gNB as the paging response, the gNB-CU-CP sends to the gNB-CU-UP the BEARER CONTEXT MODIFICATION REQUEST message containing a Resume indication to indicate the RRC state change for the UE.
However, it is possible that the last serving gNB-CU-CP receives no paging response from the UE in RRC_INACTIVE state. In other words, the RAN paging failure may be occurred. Upon RAN paging failure, the gNB behaves as follows [1]:

	Clause 5.3.3.2.5 in TS 23.501 [1]:
…
If the RAN paging procedure, as defined in TS 38.300 [27], is not successful in establishing contact with the UE the procedure shall be handled by the network as follows:

-
If NG-RAN has at least one pending NAS PDU for transmission, the RAN node shall initiate the AN Release procedure (see TS 23.502 [3], clause 4.2.6,) to move the UE CM state in the AMF to CM-IDLE state and indicate to the AMF the NAS non-delivery.

-
If NG RAN has only pending user plane data for transmission, the NG-RAN node may keep the N2 connection active or initiate the AN Release procedure (see TS 23.502 [3], clause 4.2.6) based on local configuration in NG-RAN.
NOTE 2:
The user plane data which triggers the RAN paging can be lost, e.g. in the case of RAN paging failure.

…


As highlighted one above, the gNB can do one of two options based on local configuration. This means that in the case of RAN paging failure for the DL data, the information on whether to maintain or release the NG connection should be configured in the gNB-CU-CP or gNB-CU-UP.
Observation 1: The information on how to handle the RAN paging failure for the DL data should be locally configured in the gNB-CU-CP or gNB-CU-UP.
Option 1) Local configuration in gNB-CU-CP
In this option, when the gNB-CU-CP detects the RAN paging failure for the DL data, it can decide whether to maintain or release the NG connection for the UE. If the last serving gNB-CU-CP decides to let the UE enter into RRC-IDLE state, it just triggers the Bearer Context Release procedure to the gNB-CU-UP. Hence, there is no standard impact.
If the last serving gNB-CU-CP decides to keep the NG connection active, it needs to indicate to the gNB-CU-UP that the pending DL data should be discarded with keeping the bearer context for the UE. This can be solved by adding a new indication related to the RAN paging failure into the BEARER CONTEXT MODIFICATION REQUEST message. This indication enables the gNB-CU-UP to just discard the pending DL data for the UE and keep the bearer context for the UE.
Observation 2: In Option 1, one additional indication should be included in Bearer Context Modification procedure.
Option 2) Local configuration in gNB-CU-UP
In option 2, when the RAN paging failure for the DL data is detected, the gNB-CU-CP is difficult to decide whether to maintain or release the NG connection for the UE. In this case, the gNB-CU-CP needs to indicate to the gNB-CU-UP that the RAN paging failure for the DL data is detected. Therefore, new E1AP signalling should be defined (e.g., E1AP RAN PAGING FAILURE NOTIFICATION message).
On receiving this new E1AP message, the gNB-CU-UP can be aware of the RAN paging failure at the gNB-CU-CP. Based on local configuration, the gNB-CU-CP can decide whether to maintain or release the NG connection for the UE. For the case where the NG connection is released, the gNB-CU-UP triggers the Bearer Context Release Request procedure to request to the last serving gNB-CU-CP the release of suspended bearers for that UE. Then, the gNB-CU-CP initiates the Bearer Context Release procedure. Hence, there is no standard impact.
If the last serving gNB-CU-UP decides to keep the NG connection active, it just discards the pending DL data for that UE, and then responds to the gNB-CU-CP with a new E1AP DATA DISCARD NOTIFICATION message to indicate that the pending DL data is discarded and the bearer context is still kept. In this case, the last serving gNB-CU-CP still stores the UE context.
Observation 3: In Option 2, two Class 2 E1AP messages (i.e., RAN PAGING FAILURE NOTIFICATION message and DATA DISCARD NOTIFICATION message) needs to be defined newly.
From the number of signaling point of view, Option 1 and 2 are compared as below.

Table 1. Comparison table for two options
	
	Option 1
	Option 2

	NG connection release
	Bearer Context Release procedure
	Bearer Context Release Request procedure + Bearer Context Release procedure

	DL data discard only (Bearer context is kept)
	Bearer Context Modification procedure containing new indication
	RAN Paging Failure Notification procedure + Data Discard Notification procedure


From the table above, it can be directly seen that Option 1 has much less E1AP signaling than Option 2.
Observation 4: Option 1 has much less E1AP signaling than Option 2.
As mentioned in Observation 2, in Option 1, only one new indication needs to be added. In Option 2, however, two additional Class 2 messages should be defined newly. Therefore, it seems that Option 1 gives much less impact on E1AP specification compared to Option 2.
Observation 5: Option 1 gives much less impact on E1AP specification compared to Option 2.
In last RAN3 meeting, two alternative solutions were proposed to support the RAN paging failure in CU-UP separation [2], [3]. First alternative solution is that the gNB-CU-UP detects the RAN paging failure itself by implementation [2]. If the timers is expired and the gNB-CU-UP does not receive the BEARER CONTEXT MODIFICATION REQUEST message sent from the gNB-CU-CP, then the gNB-CU-UP considers that the RAN paging is failure, and the gNB-CU-UP may release the pending DL data. However, in this option, the gNB-CU-CP is difficult to be aware of flushing the pending DL data at the gNB-CU-UP. In a certain case, the gNB-CU-CP may try to resume the Bearer context and deliver the DL data due to late response from the UE, whereas the gNB-CU-UP already discards the data. In this case, a mismatch may be occurred between the gNB-CU-CP and the gNB-CU-UP.

Observation 6: Alternative option 1 causes a mismatch between the gNB-CU-CP and the gNB-CU-UP.
The other alternative solution is to reuse the Bearer Context Status Change IE in the BEARER CONTEXT MODIFICATION REQUEST message [3]. That is, for the RAN paging failure, the gNB-CU-CP sends the BEARER CONTEXT MODIFICATION REQUEST message by setting the Bearer Context Status Change IE to ‘Suspend’. Then, since the Bearer Context was already suspended, the gNB-CU-UP will assume that the RAN Paging failed, and that the DL UP data shall be discarded.
However, as shown in this contribution and [3], the NG-RAN behaviour in case of RAN Paging failure needs to be configured in gNB-CU-CP. Based on the local configuration, therefore, the gNB-CU-CP should explicitly indicate to the gNB-CU-UP whether to discard the pending DL data. 
Observation 7: In Alternative option 2, the gNB-CU-CP needs to indicate the exact action for the RAN paging failure to the gNB-CU-UP.
Based on Observation 6 and 7, we prefer to Option 1. Instead of defining a new indication in the BEARER CONTEXT MODIFICATION REQUEST message, it can be easily implemented by introducing a ‘Suspend with discard’ code point into the Bearer Context Status Change IE.
Observation 8: Option 1 can be easily implemented by introducing a ‘Suspend with discard’ code point into the Bearer Context Status Change IE.
With the observations above, the following proposals are suggested to RAN3.
Proposal 1: For the case of RAN paging failure for the DL data, the information on whether to maintain or release the NG connection should be configured in the gNB-CU-CP.
Proposal 2: One additional code point to command the DL data discard at the gNB-CU-UP should be included into the Bearer Context Status Change IE.
Proposal 3: It is proposed to agree the CRs in [4] and [5].
3. Conclusion
In this contribution, we focused on the remaining issues related to RAN paging failure in CP-UP separation and provided our view on it. The following proposals are kindly suggested to RAN3:

Proposal 1: For the case of RAN paging failure for the DL data, the information on whether to maintain or release the NG connection should be configured in the gNB-CU-CP.

Proposal 2: One additional code point to command the DL data discard at the gNB-CU-UP should be included into the Bearer Context Status Change IE.
Proposal 3: It is proposed to agree the CRs in [4] and [5].
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